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1. Background and Introduction
Ultra-high performance concrete (UHPC) is a relatively recent advancement in cementitious
composite materials with mechanical and durability properties far exceeding those of
conventional concrete, which makes it an ideal material for bridge deck joints. The research
project’s main objective is leverage efforts by all ABC-UTC partner institutions to develop a
non-proprietary UHPC mix design that will be labeled as “ABC-UTC Non-Proprietary UHPC
Mix”. The starting point will be two non-proprietary UHPC mixes developed by partner
universities, mainly at OU, and additional research described in this report is currently underway,
which will lead to development of the “ABC-UTC Non-Proprietary UHPC Mix”. The main
focus of the activity at OU is to investigate the effect of different fiber contents on the material
properties and bond performance of the “ABC-UTC Non-Proprietary UHPC Mix” and to
examine the repeatability of mix designs developed in different parts of the country. The OU
team is coordinating the overall effort of researchers at the five ABC-UTC partner institutions to
investigate material properties, bond strength, shear strength, and full-scale structural
performance of the “ABC-UTC Non-Proprietary UHPC Mix” developed by the partner
institutions working together.
Two mix designs developed by the partner institutions (one at OU and one at ISU) will be shared
with the other partner institutions for comparative testing with other well-established UHPC mix
designs. Fiber content and fiber type will be considered as primary variables for examining
material properties of the mix design. The primary objective is to develop guidance for an
“ABC-UTC Non-Proprietary UHPC Mix” made with local materials that can achieve the
necessary mechanical properties and durability for use in bridge component connections and
other applications, thereby providing an additional option for DOTs. Sharing of information
between the partner institutions allows for consideration of repeatability of the proposed mix
design and the combined efforts of the partner institutions will lead to more significant results
than could be obtained by any of the institutions working individually. Understanding the effect
of fiber type and content on material properties, bond, shear, and overall structural performance
will be used to identify the optimum fiber content required for the “ABC-UTC Non-Proprietary
UHPC Mix” to achieve the properties required for a given application. The study performed by
the OU team and primarily described in this report is focused on evaluation of material
properties and reinforcement bond behavior of the “ABC-UTC Non-Proprietary Mix” and will
synthesize results from the partner institutions to provide a “Guide for ABC-UTC NonProprietary UHPC.” A technology transfer workshop, with participation of all five partner
institutions, is planned at the end of the project to disseminate findings of the proposed study to
the ABC-UTC stakeholders. In addition, the OU team will create a short course focused on
development and use of non-proprietary UHPC.

2. Problem Statement
Deterioration of bridges can often be related to poor performance of longitudinal connections or
transverse deck joints, which can be more frequent when precast panels are used for accelerated
bridge construction. Ultra-high performance concrete (UHPC) is a relatively recent advancement
in cementitious composite materials with mechanical and durability properties far exceeding
those of conventional concrete, which makes it an ideal material for bridge deck joints. It
combines a high percentage of steel fibers with an optimized gradation of granular constituents,
resulting in a compressive strength in excess of 22 ksi, a high post-cracking tensile strength, and

exceptional durability. The short reinforcing bar development lengths and exceptional durability
provided by UHPC lead to great potential for use in accelerated bridge construction and as a
repair material. All ABC-UTC partner institutions are considering the use of UHPC for bridge
deck joints. However, individual institutions are considering a number of other applications for
UHPC including: girder end region repairs (OU and ISU), bridge girder continuity connections
(OU), link slabs and existing joint retrofit (OU and ISU), UHPC shell retrofits for seismic and
non-seismic application and innovative UHPC based solutions (FIU), UHPC elements for
resisting seismic forces (UNR), and bridge deck overlays (ISU and FIU).
Many state DOTs have limited experience working with UHPC and do not have specifications
for non-proprietary UHPC mix designs. Proprietary UHPC formulations have proven
performance but can be very expensive. Guidance for use of UHPC class materials made with
local materials is needed to give state DOTs more options for use of this material in construction
and repair.
3.

Objectives and Research Approach

The proposed study will coordinate the efforts of researchers at the five ABC-UTC partner
institutions, with primary focus on mix design, to investigate material properties, bond strength,
shear strength, and full-scale structural performance of non-proprietary UHPC developed by the
partner institutions. The mix design mainly developed at OU will be shared with the other
partner institutions for comparative testing with other well-established UHPC mix designs.
Researchers at ISU will also share their mix design to provide additional data point. The final
“ABC-UTC Non-Proprietary UHPC Mix” developed in this project will be evaluated at OU and
FIU by conducting a series of tests that has been recommended by FHWA for qualifying various
mix designs as UHPC. This report outlines the FHWA recommended material tests to be
conducted by OU and FIU and progress on conducting those tests up to this point.
The steel fibers used in typical UHPC mix designs are the most expensive component of the mix
design, and the high fiber contents typically recommended for UHPC may not be necessary for
every application. Fiber content and fiber type will be considered as primary variables for a
given mix design including consideration of 0%, 1.0%, 2.0%, 4.0% and 6.0% steel fibers by
volume and consideration of synthetic fibers. The primary objective of the project is to develop
guidance for an “ABC-UTC Non-Proprietary UHPC Mix” design made with local materials that
can achieve the necessary mechanical properties and durability for use in bridge component
connections, thereby providing an additional option for DOTs. Sharing of information between
the partner institutions will allow for consideration of repeatability of the “ABC-UTC UHPC
Mix” and the combined efforts of the partner institutions will lead to more significant results
than could be obtained by any of the institutions working individually.
Table 1 summarizes the efforts proposed by each partner institution and Figure 1 shows the
overall organization of the project.

Table 1. Research topics to be examined by each partner institution
Institution
University of
Oklahoma (lead)

PIs
Royce Floyd,
Jeffery Volz,
Musharraf Zaman

University of
Washington

John Stanton and
Paolo Calvi

Iowa State University

Behrouz Shafei

University of Nevada
Reno

Mohamed
Moustafa

Florida International
University

Atorod
Azizinamini

Topic 1
Development of the
final “ABC-UTC NonProprietary UHPC Mix”
design, conducting
FHWA recommended
material tests on final
mix design, and
comparison with other
proprietary UHPC
mixes without
identifying them. Will
include examination of
material properties with
varying fiber content.
Washington shear panel
test to investigate shear
strength of the “ABCUTC Non-Proprietary
UHPC Mix”,
considering different
fiber contents
Durability of the “ABCUTC Non-Proprietary
UHPC Mix”, with
different fiber types
Panel joint testing with
the “ABC-UTC NonProprietary UHPC
Mix”, considering
different fiber contents.
Examination of material
properties of “ABCUTC Non-Proprietary
UHPC Mix”, with
varying fiber content.

Topic 2
Examination of
reinforcing bar bond
strength in UHPC
with different mix
designs and fiber
contents using pullout
and beam splice tests.

Will test material
properties and send
local materials to OU
and ISU for testing.

Examination of
synthetic fibers.
Will test material
properties and send
local materials to OU
and ISU for testing.

Figure 1. Overall organizatio
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meeting. Additional face to face meetings will be held at ACI conventions and ASCE SEI
congress if possible. A technology transfer workshop will be held during the fourth-quarter of
this study as part of the 2019 International Accelerated Bridge Construction Conference
sponsored by ABC-UTC in which each partner institution will share its results with the ABCUTC stakeholders. Materials required for teaching a short course focused on development and
use of non-proprietary UHPC will be developed incorporating the results of the project.
4.

Description of Research Project Tasks

The following is a description of tasks and worked carried out to date.
Task 1 – Comparison of Local Materials Used in Mix Designs
Effects of UHPC constituent materials locally available to each partner institution and fiber
content on behavior of the “ABC-UTC Non-Proprietary UHPC Mix” will be considered using
material property tests recommended by FHWA for qualification of UHPC mix designs (Table
2). Mixtures will be tested with 0%, 1.0%, 2.0%, 4.0% and 6.0% fibers by volume
The OU research team has provided the final “ABC-UTC Non-Proprietary UHPC Mix” design
to the team members at UNR, UW, and FIU for use in their material property and structural
testing. Researchers at OU and FIU will conduct all tests listed in Table 2 for the “ABC-UTC
Non-Proprietary UHPC Mix” using locally available cementitious material and aggregates and
all fiber contents, while researchers at UNR and UW will perform all tests except for freeze-thaw
and creep tests on the final mix design. All material properties will be tested using a series of at
least three specimens and the methods listed in Table 2, with modifications necessary for UHPC
as specified in ASTM C1856 “Standard Practice for Fabricating and Testing Specimens of UltraHigh Performance Concrete.” Creep tests will be conducted on 4 in. x 36 in. cylinders due to
capacity limitations of the existing creep frames. Total shrinkage beginning with placement of
the fresh concrete will be measured using a 6 in. x 12 in. cylinder with an embedded vibrating
wire strain gage (VWSG) in addition to drying shrinkage measured using ASTM C157. Direct
tensile strength tests will be conducted based on recommendations made by Graybeal and Baby
(2013) and Haber et al. (2018), but exact methods will be dictated by equipment available at each
partner university.
The OU team will have a quantity of the exact cementitious materials, aggregates and admixtures
used for the mixture constituents shipped to UNR, UW, and FIU so that each institution can
exactly recreate the mix designs for one of their proposed structural tests. For the other tests,
researchers at UNR, UW, and FIU will use their own local materials. Researchers at UNR, UW,
and FIU will provide local cementitious materials and admixtures to researchers at OU, such that
the OU team can investigate the effects of locally available cementitious materials and
admixtures on the “ABC-UTC Non-Proprietary Mix.” Flowability (ASTM C1437), compressive
strength (ASTM C39), and modulus of rupture of concrete (ASTM C78) will be tested by the
OU team for comparison of the effects of local cementitious materials on mix design
performance. The OU team will also conduct at least one set of bond tests considering variations
in local cementitious materials provided by the other partner universities. In all cases, the same ½
in. steel fibers produced by Bekaert will be used for consistency. Institutions sharing the exact
materials for large-scale tests will allow all institutions to begin their work at the same time,
without needing to do additional mix design development.

Table 2. Material property tests recommended by FHWA to be conducted on the “ABC-UTC
Non-Proprietary UHPC Mix”
Property
Test Method
Institution
Flowability
ASTM C1437
All
Compressive Strength
ASTM C39
All
ASTM C109
Modulus of Elasticity and
ASTM C469
All
Poisson’s Ratio
Splitting Tensile Strength
ASTM C496
All
Flexural Strength
ASTM C78
All
Direct Tensile Strength
Based on FHWA
All
(Graybeal and
Baby, 2013, Haber
et al., 2018)
Total and Drying Shrinkage Embedded VWSG
All
ASTM C157
Compressive Creep
ASTM C512
OU, FIU
Set Time
ASTM C403
All
Freeze-Thaw Resistance
ASTM C666
OU, FIU
Rapid Chloride Ion
ASTM C1202
All
Permeability
The base mix design for 2% fibers and the sources of all constituent materials used is included in
Table 3. As of August 31, 2019 specimens for flowability, compressive strength, modulus of
elasticity, splitting tensile strength, flexural strength, total and drying shrinkage, and set time
have been cast for the OU mix design using materials available in Oklahoma and for all fiber
contents (0%, 1%, 2%, 3%, 4%, and 6%). All mixes exhibited adequate flow with minor
modifications to the superplasticizer dosage during trial batching, except for the 6% fiber mix.
Even with major adjustments to the superplasticizer dosage almost zero flow was measured for
this mix. The material was workable in general, however, and could be placed in most specimen
forms with some difficulty.
Tests of the material property specimens at 28 days and 56 days have been completed for mixes
with Oklahoma materials and all fiber contents. Casting of the material property specimens is
shown in Figure 2, example compressive strength specimens (0% mix) are shown in Figure 3,
compressive strength results are shown in Figure 4, example splitting tensile strength specimens
(0% mix) are shown in Figure 5, and example modulus of rupture specimens (0% mix) are
shown in Figure 6. Creep specimens have been cast, loaded, and are being monitored for all fiber
contents. An example loaded creep specimen is shown in Figure 7 and preliminary creep strain
results are shown in Figure 8. The 6 x 12 cylinder specimens with embedded vibrating wire
strain gages and ASTM C157 specimens are being monitored continually. Figure 9 shows
preliminary shrinkage strain results for the ASTM C157 specimens out to 56 days of age.
Set time tests were conducted for all mixture variations, but the steel fibers affect the ability of
the needle to properly penetrate the UHPC surface. An additional series of set time tests were
conducted using no fibers, but including the required adjustments to superplasticizer content to
determine if the superplasticizer is the controlling factor for set time rather than fiber content.
Analysis of all test data collected so far is ongoing.

Table 3. Baseline non
n-proprietary
y UHPC mix
x design
Materiial
Type I Cement, lb/y
yd

3

3

Slag, lb
b/yd

Silica Fume,
F
lb/yd

3

w/cm
Fine Masonry Sand
d, lb/yd
Steel Fiibers, lb/yd

3

Steel Fiibers, %
Superpllasticizer, ozz./cwt

3

Quanttity

Speecific Graviity

1179.6

3.15

589.8

2.97

196.6

2.22

0.2

NA

NA

1966
6

2.63

Metroo Materials
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man, OK

7.85

B
Bekaert
(Dramix® OL 13/0.22)

1.07

B
BASF
(Glennium 7920)

255.2
2.0
15.77

Su
upplier
Ash Groove Chanutee,
K
Kansas
H
Holcim,
Southh Chicago
Noorchem
Ohio

Figure 2. Casting of
o compressio
on, shrinkag
ge, and moduulus of ruptuure test speciimens (left) and
creeep specimen
ns (right) for the 6% mix

Figure 3.. Example teested compreessive strenggth specimenns (0% fiber mix)

Figurre 4. Compreessive streng
gth results fo
or cylinder sppecimens wiith different fiber contennts

Figure 5. Example
E
testted splitting tensile strenngth specimeens (0% fibeer mix)

Figure 6. Example
E
testted modulus of rupture bbeam specim
mens (0% fiber mix)

Figure 7. Example
E
creep specimen
n immediatelly after loadding (0% fibeer mix)

Figu
ure 8. Prelim
minary creep results for baseline
b
mixx design withh different fibber contentss

Figuree 9. Preliminary shrinkag
ge results meeasured using ASTM C1157
Constitueent materialss from FIU have
h
been reeceived by thhe OU researrch team, buut only
preliminaary trial batcches have beeen completeed. Material pproperty testing using thhese materiaals in
the baseline mix desiign will begiin in early Seeptember. O
Oklahoma constituent maaterials have been
packed fo
or shipment to UW and will
w be shipp
ped in early September.
Task
k 2 – Evalua
ation of Rein
nforcing Bar Developm
ment Length
h in UHPC
Pullout bond
b
tests on
n reinforcing
g bars and beeam splice teests will be cconducted too examine thee
developm
ment length of
o reinforcin
ng bars cast in
i the “ABC
C-UTC Non-P
Proprietary U
UHPC Mix””
using loccal materials with 1.0%, 2.0%, 4.0% and 6.0% fiibers by voluume. A propprietary UHP
PC
will also be tested forr comparison
n as part of the
t matchingg funds projeect.
Reinforcing bar deveelopment len
ngth will be examined
e
ussing a compaarative pulloout test to
identify the
t differencce between required emb
bedment for No. 3, No. 55, and No. 8 reinforcing bars
cast in th
he “ABC-UT
TC Non-Prop
prietary UHP
PC Mix” witth varying fiiber contentss. Similar
specimen
ns will be cast using estaablished prop
prietary UHP
PC mix designs as part oof the matchhing
funds pro
oject. Detailss for the pulllout test speccimens and ssetup used inn previous research are
shown in
n Figure 10 (RILEM
(
199
94). Bond beetween the reeinforcing baar and the cooncrete occuurs
only in th
he upper half of the conccrete block, through
t
the addition of a PVC or foaam tube in thhe
lower portion, signifiicantly reduccing the effeect of any coonfinement ppressure geneerated as a reesult
of friction between th
he specimen
n and reaction
n plate. Dataa recorded dduring the tesst will includde
p at each end
d of the reinfforcing bar. Since the puullout test is only useful as a
load and free end slip
t pullout tests will be uused to desiggn a flexurall beam splicce test
comparattive measuree, results of the
to evaluaate bond perfformance in a flexural lo
oading configguration. Thhe beam splicce test will uuse
No. 5 and
d No. 8 reinfforcing bars. Although th
here are a vaariety of bonnd and devellopment lenggth
testing prrotocols available, the beeam splice specimen shoown in Figurre 11 is geneerally regardded as
the most realistic testt method (AC
CI 408 2003
3, Ramirez aand Russell 22008). The ccurrent AASH
HTO
ngth and spliice length arre based prim
marily on daata
LRFD deesign provisiions for deveelopment len
from thiss type of testt setup (AAS
SHTO 2014)). Data recorrded during tthe test will include loadd,
deflection
n, and strain
n in the reinfforcing steel at each end of the splicee.

Figure 10.
1 Direct reinforcing baar pullout tesst setup with preliminaryy dimensionss to be evaluuated
further

1. Beam splice test setup
p with splice region still to be determ
mined.
Figure 11
A trial seeries of pullo
out test speciimens based
d on the specimen shownn in Figure 10 and using No.
5 bars waas cast and teested to evalluate the besst embedmennt to producee a bond faillure. The circular
specimen
ns had a nom
minal 8 in. diiameter to ob
btain a minim
mum cover oof 3db for alll bar diameteers to
be tested
d. Embedmen
nts examined
d included 2db, 4db, 6db, 8db, and 10db with a debonded lenggth
equal to the
t embedm
ment length reesulting in a specimen heeight dependdent on the eembedment. All
specimen
ns except thee 2db embedm
ment specim
men exhibitedd signs of reeinforcing baar yielding annd
the 2db em
mbedment specimen
s
exh
hibited a splitting failuree, as shown iin Figure 122. A set of revvised
specimen
ns were cast having a 2d
db embedmen
nt but larger overall speccimen depth and resultinng
debonded
d length in an
a attempt to
o prevent spliitting failuree. The reviseed specimenss had the sam
me 8
in. diameeter, but total depths of 2.5
2 in. (2db debonded),
d
33.5 in. (3.6db debonded), and 5 in. (66 db
debonded
d). Two speccimens weree cast and tessted for eachh variable coombination. A
All of these tests
resulted in
i pullout faailures, so thee final dimen
nsions choseen for the puullout test weere an 8 in.
diameter specimen with
w 2db embedment and 4db debondeed length forr a total deptth of 6db, shhown
in Figuree 13. This ressulted in a 3.75 in. thick specimen foor the No. 5 bar tests. Thhe No. 5 bar
pullout sp
pecimens for 0% and 1%
% fiber mixees have been cast and speecimen fabriication will
continue for the nextt few weeks.

Figure
F
12. Sp
plitting failu
ure of prelim
minary pullouut specimen with 2db em
mbedment

Figure 13
3. Final dimensions of comparative bond
b
pullouut specimens based on prreliminary teesting
Design of
o the beam splice
s
test sp
pecimens is currently
c
undder way. Ressults of the ppull-out testss will
be used to
t select the lap splice length used in
n the beam teests.
Task
k 3- UHPC Durability
D
Property
P
Teesting
In additio
on to the solid specimens described in
i Task 1, frreeze-thaw teesting will bbe conductedd on
compositte UHPC/con
nventional concrete
c
speccimens with 1.0%, 2.0%
%, 4.0% and 66.0% fiber bby
volume. Freeze-thaw
F
w testing willl be conducteed accordingg to ASTM C
C666 (2015)) on a minim
mum
of three rectangular
r
prism
p
specim
mens for each
h UHPC fibeer content.
As part of
o the matchiing funds pro
oject, freezee-thaw and p ermeability testing will be conducteed on
both the proprietary
p
UHPC
U
and “ABC-UTC
“
Non-Proprieetary UHPC Mix” and thhe results
compared
d to the duraability propeerties of conv
ventional conncrete. Freezze-thaw tests will be
conducteed on each UHPC
U
mix deesign. Rapid
d Chloride Ioon Permeabillity (RCIP) aand freeze-thhaw
tests willl also be con
nducted on eaach UHPC and
a conventiional ODOT
T Class AA cconcrete baseed on
ASTM C1202
C
(2017). A minimu
um of four RCIP
R
specimeens will be ttested for eacch mix desiggn.
Specimen
ns will be cu
ut from 4 in. x 8 in. (100
0 mm x 200 m
mm) cylindeers for testing at 28 and 990
days of age.
a

Rapid chloride ion permeability tests have been conducted on the base mix design with 0% fibers
and a commercially available UHPC at 28 and 90 days. The steel fibers impede the testing
method and other fiber contents will not be tested. These results indicate similar performance to
the commercially available UHPC with both materials in the “Very Low” or “Negligible” range
specified in ASTM C1202. Freeze-thaw specimens for all fiber contents of the non-proprietary
UHPC mix have been cast and testing is in progress. Approximately 250 cycles had been
completed as of August 31, 2019 with no degradation of dynamic modulus observed.
Preliminary tests conducted on the 2% fiber content exhibited limited surface damage and a
relative dynamic modulus in excess of 100% after 350 cycles. Composite UHPC/conventional
concrete specimens will be cast in the next few weeks.
Task 4- Short Course Development
Materials required for teaching a short course focused on development and use of nonproprietary UHPC will be developed incorporating the results of the project. These materials will
include presentation slides, physical models and demonstrations, a plan for limited laboratory
testing, and assessment exercises. The PI will teach the course once near the end of the project,
but the materials will be designed such that it can be taught for DOTs and other stakeholders
after completion of the project as needed. A fee will be charged to participants to fund execution
of the short course.
Work on this task is scheduled for the third quarter of the project year. An outline of the course
topics has been completed.
Task 5- Technology Transfer Workshop
A technology transfer workshop will be held during the fourth-quarter of this study to share
performance of the “ABC-UTC Non-Proprietary UHPC Mix” with the ABC-UTC stakeholders.
It will be coordinated by OU, but will involve presentations by each partner institution. Financial
support for this workshop is included in the budget.
An outline for the technology transfer workshop to conducted at the 2019 International
Accelerated Bridge Construction Conference was completed and submitted to ABC-UTC in
January for review by the conference committee.
Task 6- Assembling Reports and “Guide for ABC-UTC Non-Proprietary UHPC”
Quarterly progress reports and a final report in Microsoft Word and ADA accessible Adobe
Acrobat pdf will be provided at the end of the project year. In addition, recommendations and
guidance for development and splice length of reinforcing bars cast in UHPC for bridge
applications will be provided. A “Guide for ABC-UTC Non-Proprietary UHPC” will be
developed incorporating the results of research performed by all partner institutions and
described in individual proposals that will be submitted to ABC-UTC and prepared by partner
universities. The research team will work with the project Research Advisory Board to identify
next steps for implementation of non-proprietary UHPC and the Guide within state DOTs.
This report is the second of three quarterly progress reports to be completed for the project.

5. Expected Results and Specific Deliverables
Quarterly progress reports and a final report in Microsoft Word and ADA accessible Adobe
Acrobat pdf will be provided at the end of the project. In addition, recommendations and
guidance for development and splice length of reinforcing bars cast in UHPC for bridge
applications will be provided. A synthesized summary of the ABC-UTC collaborative project
will be included in the final report and a “Guide for ABC-UTC Non-Proprietary UHPC” will be
developed incorporating the results of research performed by all partner institutions. This Guide
will include the recommended “ABC-UTC Non-Proprietary UHPC Mix”, recommendations for
adjusting the Mix for variations in local constituent materials, and recommendations for fiber
content necessary for specific applications.

6. Schedule
Progress of tasks in this project is shown in the table below.

Item

% Completed

Percentage of Completion of this project to Date

45%

Research Task
J

F

M A

M

2019
J J

A

S

O

N

D

2020
J F

1. Comparative Mix Testing
2. UHPC‐Rebar Bond Testing
3. UHPC Durability Testing
4. Short Course Development
5. Technology Transfer Workshop
6. Assemble Reports
Work Performed
Work to be Performed
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