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What is UHPC? 
ÅUltra-high performance concrete (UHPC) is a rapidly emerging advanced cementitious 

composite with exceptional mechanical properties and superior durability

ÅUHPC has three main attributes that are different from conventional concrete:

V Carefully packed fine materials 
(NO coarse aggregates!)

V low water-to-binder (w/b) or 
water-to-cement (w/c) ratio

V uses steel fibers (typically 2% 
by volume) for bridging micro -
cracks    

Typical UHPC composition (Photo courtesy from a magazine 
ñThe construction specifierò)
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Why UHPC? 
ÅUHPC is growing! Predicted to hit $1 billion market in the 

next few years

ÅAvailable commercial UHPC in the market significantly 
increased in the past decade

ÅUHPC applications have been increasing, particularly for 
bridge rehabilitation and retrofitting.

UHPC bridge deck field joints 
(Photo courtesy: NYDOT)

UHPC bridge overlays
(Photo courtesy: NYDOT)

Wapello Bridge (Photo 
courtesy: cement.org)

UHPC Applications in Bridges

(Photo courtesy from ñVerified Market Research)ò
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Motivation

(Photo courtesy from ñInternational Journal of Advance 
Research in Science and Engineering)

(Photo courtesy from ñPCIò) Federal Highway Administration 

Å Larger structural applications of UHPC are on the rise!

Å Opportunities for precast construction Ą full structural elements, e.g. PCI & FHWA girders, as 

opposed to field joints connecting precast decks or columns

Concluding 
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Current Issues with UHPC
Å UHPC is promising! However, UHPC still has limitations, such as:

ü Cost of existing commercial UHPC

ü Limited studies and codes exist up to date (Does UHPC behave the same way in bridges?)

ü Lack of research on incorporating locally sourced and sustainable materials like recycled 
steel fibers from tires

Typical Commercial UHPC Cost (Photo courtesy from Alsalman et al.) Landfill tires
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Typical Commercial Proprietary UHPCs

provide ALL components & dry 

components in one blend!

Proprietary component or magical part! = Only 

the supplementary cement materials

New Initiative: Semi -proprietary UHPC

Locally sourced and recycled components

Concluding 
Remarks

ABC-UTC QUARTERLY RESEARCH SEMINAR 8

Manufactured/Virgin Steel Fibers

Admixtures

UHPC Proprietary Blend



Introduction Experimental Program Results and Discussion

Knowledge Gaps
ÅLimited or almost no studies have investigated semi-proprietary UHPC mix design and robustness, 

let alone set guidance on how to implement in precast practice

ü Use of local sand and cement (including typical precast supplies),

ü Use of recycled fibers and wires?

ü Scalability with different mixing procedures

Å No studies have extended UHPC to large-scale structural and precast column applications

Concluding 
Remarks
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Overall Goal

Develop and implement an emerging semi-proprietary UHPC 
that enables the use of locally sourced and sustainable 

components for large-scale precast applications 

Concluding 
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Research Objectives

1. Perform a comprehensive mechanical characterization of semi-proprietary UHPC that leverages 
locally sourced and sustainable materials like recycled steel fibers (RSF)

2. Examine the scalability of semi-proprietary UHPC, implementing a large-scale production mixing 
using typical precast practice

3. Conduct an experimental quasi-static cyclic test of four UHPC bridge columns with different ABC 
connection

4. Perform a shake table test to investigate the dynamic behavior of UHPC bridge columns with ABC 
grouted duct connections. 

Concluding 
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Material Characterization
Å A total of 40 batches varying:

ü Fiber Type, aggregate type and gradation including 
moisture condition, cement type, and curing 
condition 

ü Mixing Protocol (Drum vs. High-Shear vs. Truck 
Mixing)

ü 1765 cylinder samples, 655 dog bones, and 126 
flexural prisms tested 

ü Tested accordingly with ASTM/FHWA/PCI

Fine Sand Nevada Coarse Sand Sieve Shaker

Manufactured Steel Fibers (MSF) and Recycled Steel Fibers (RSF)

Low aspect ratio RSF 
(l/d<60)

High aspect ratio RSF
(l/d>95)MSF (l/d=65)

Mixing Testing

Concluding 
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Fresh Properties: Flowability
ÅCoarse Sand vs Fine Sand 

ÅLow aspect vs High aspect ratio RSF

Nevada Coarse Sand: No.16 
(~6.6 in.)

Nevada Fine Sand: No.50
(~8.4 in.)

Low Aspect Ratio RSF: 3.1%
(~8.9 in.)

High Aspect Ratio RSF: 3.2%
(~7.8 in.)

Average Flow Spread

ü Finer sand (< No. 50) provides better flowability

ü Reduce flowability with higher fiber ratio

ü Fiber segregation with RSF of high aspect ratio

Concluding 
Remarks

(Low aspect ratio 
RSF)

(High aspect 
ratio RSF)
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Compressive Strength

RSF Variability Study 

ÅAverage compressive strength: ~ 21.2 ksi @ 28 days

ÅRSF fibers, regardless of the fiber and aspect ratio, caused a decrease in compressive strength of 
around 10%

ü caused by the rubber presence in the fibers 

SÔÒÅÎÇÔÈ 'ÁÉÎ %ÑÕÁÔÉÏÎ2ÅÆȢΠσχ O Ὢ Ὢ ρ Ὡ
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Flexure  Test

Modulus of Rupture and Deflection

Crack Localization of high aspect 
ratio RSF at midspan

Å Estimate the tensile properties of UHPC

× Modulus of rupture (MOR) and deflection of 
low aspect ratio RSF  is significantly 
lower  than MSF

V High aspect ratio RSF  showed a slight 
improvement  in MOR (Modulus of 
Rupture) at a lower fiber ratio and a 
significant increase in deflection.

MSF
RSF

(Low aspect ratio 
RSF)

(High aspect ratio 
RSF)

RSF behavior in flexure

Concluding 
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Low aspect 
ratio RSF

High aspect 
ratio RSF

Low aspect 
ratio RSF

High aspect 
ratio RSF

ABC-UTC QUARTERLY RESEARCH SEMINAR 16



Introduction Experimental Program Results and Discussion

Mechanical Characterization: Key Observation

ÅImproved tensile/flexural properties  with 
a high aspect ratio RSF 

ÅSustain higher loads

V Ability to resist crack deformation 
better

Flowability issue observe with high 
aspect ratio RSF (fiber volume 
>1.6%)

ÅOverall, the suggested applications of 
RSF: 

V High-aspect ratio RSF with 1.6% 
fiber ratio by volume

Concluding 
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Seismic Bridge UHPC Columns

Specimen ID
Test Matrix

Connection Column 
Material

Connection 
Filler Type of Test Longitudinal 

Rft. Transverse Rft.

SP1-PM-3.0R Pocket UHPC RSF UHPC MSF Cyclic 10 #6 #3 spiral at 3" pitch

SP2-PM-3.0M Pocket UHPC MSF UHPC MSF Cyclic 10 #6 #3 spiral at 3" pitch

SP3-DM-1.5R Grouted duct UHPC RSF UHPC MSF Cyclic 10 #6 #3 spiral at 1.5" 
pitch

SP4-DM-1.5M Grouted duct UHPC MSF UHPC MSF Cyclic 10 #6 #3 spiral at 1.5" 
pitch

SP5-DM-3.0R Grouted duct UHPC RSF UHPC MSF Seismic 10 #6 #3 spiral at 3" pitch

SP6-DC-3.0R Grouted duct UHPC RSF Con. Grout Seismic 10 #6 #3 spiral at 3" pitch

SP7-DM-3.0M Grouted duct UHPC MSF UHPC MSF Seismic 10 #6 #3 spiral at 3" pitch

Å Specimens varied in 
V Fiber type (MSF and RSF)
V ABC connection detailing (Pocket and Grouted Duct)
V Connection material (UHPC and Conventional Grout)
V Loading protocol (Quasi-static Cyclic Testing and Shake Table Testing)

Concluding 
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Construction Details
Å Fabricated in ConFab at Lathrop, California, and Jensen Precast at Sparks, Nevada 
Å Column: Diameter of 16 in. and height of 72 in. cast with UHPC
Å Footing: 6 ft   6 ft   28 in. cast with normal strength concrete (NSC) 

Pocket Connection Duct Connection

UHPC UHPC

Concluding 
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Construction : Columns

Cage Placement Column Formwork (Bottom)

Concluding 
Remarks
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Batch Mixing

Concluding 
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Construction: Footings

Footing Assembly (Pocket and Duct)

Concluding 
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Specimen Assembly

Column Cage Assembly

Pocket Assembly
Shipping of Footing 

Grouted Duct Assembly

Introduction Experimental Program Results and Discussion Concluding 
Remarks



Introduction Experimental Program Results and Discussion

Loading Protocol: Quasi -Static Cyclic Tests
ÅFour UHPC ABC columns tested under 

displacement-controlled quasi-static cyclic 
loading

Å110-kip servo-hydraulic actuator to apply lateral 
displacement 

ÅA total of 12 runs with a maximum target of 
12% drift ratio

Å80 kips axial load applied = 2% Axial Load 
Index (Ὢ έὪ ςρ ὯίὭ for UHPC)

Quasi-static cyclic protocol

Floor test setup

Concluding 
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Quasi -  Static Cyclic Tests

Concluding 
Remarks

ABC-UTC QUARTERLY RESEARCH SEMINAR 26
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Loading Protocol: Shake Table Tests
ÅGround motion was selected from the PEER Database 

based on the assumption that 

Ç Specimen located in Galena Creek, Reno

Ç Soil classification of C and a risk category II 
(seismic parameters of SDS of 1.62g and SD1 of 
0.72g

Å1994 Northridge earthquake Sylmar Converter Station 
in 52o direction with increments of 25% -200%.

ÅWhite noise was performed before each run

UHPC ABC columns tested in biaxial shake tables1994 Northridge Earthquake

Concluding 
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Shake Table Tests
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Damage State at Failure: Recycled Steel Fiber Columns

Å Columns with RSF showed spalling and major flexural cracks in the plastic hinge zone. 
V Rebar rupturing  due to buckling and tie rupturing  (pocket) and tensile rupturing  at the interface (duct 

connection)

Rebar 
Buckling

Major
Spalling

Tie 
Rupture

(ABC Pocket - RSF Column)

10.9% Drift

Rebar 
Rupture

Wide  crack 
localization

Shear 
Crack

(ABC Duct - RSF Column)

10.3% Drift

(ABC Pocket - RSF Column)
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Damage State at Failure: Manufactured Steel Fiber Columns

(ABC Duct - MSF Column)

Å Columns with MSF resulted in less damage at the plastic hinge zone and formed a defined localized crack
V Tensile rupturing  of the reinforcement at the localized crack (pocket) and tensile rupturing  at the 

interface (duct connection)

Wide crack 
localization

Shear 
Crack

(ABC Pocket - MSF Column)

7.6% Drift

Rebar 
Rupture

Shear 
Crack

7.0% Drift
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Damage State at Failure: Shake Table Test

Crushing

Rebar 
Rupturing

N

S

N

Minor 
Spalling

SE

Rebar 
Rupturing

Localized Crack

Minor 
Spalling

NW

Rebar 
Rupturing

S

Localized Crack

(ABC Duct - RSF Column)

Å All UHPC columns had reinforcement rupturing  at the interface and no rupturing  of transverse 
reinforcement

Å Minor crushing at the north side due to high residual drifts

175% DLE: 175% DLE 150% DLE

Recycled Steel Fibers Manufactured Steel Fibers
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(ABC Duct - MSF Column)


