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TRANS-IPIC Quarterly Progress:

Project Description:

Research Plan - Statement of Problem

Unbonded post-tensioning (PT) is widely used in segmental construction and spliced girders, particularly for long-span bridges [1-3]. As the strands are external or placed in ducts without grouting, they remain accessible during a bridge’s service life, enabling inspection, evaluation, and replacement if needed. However, the lack of bond between the strands and the concrete reduces structural efficiency. The capacity of an unbonded PT girder is typically controlled by concrete crushing or by fracture of the bonded reinforcement rather than by yielding of the PT strands, resulting in a lower capacity than that of bonded systems. Thus, unbonded PT sacrifices some structural capacity in exchange for improved serviceability, durability, and constructability. In this project, we propose replacing conventional concrete (CC) with ductile fiber-reinforced concrete, known as an Engineered Cementitious Composite (ECC), to enhance the strength and displacement capacity of unbonded PT girders while retaining their durability advantages [4-9]. The distributed microcracking behavior of ECC is more compatible with strand deformation, and numerical analyses indicate that it can improve the structural performance of unbonded PT girders, bringing them closer to the behavior of bonded systems. This work aims to expand the use of unbonded PT in durable, long-lasting bridges.

The specific objectives of this project are as follows:
1. To develop a suitable ECC for use in a prestressed concrete girder
2. To experimentally evaluate the effect of replacing CC with ECC on the flexural behavior of a beam with unbonded PT strands 
3. To develop a numerical model for accurately modeling the behavior of a girder with unbonded PT strands and investigating the girder behavior through parametric analysis 
4. To provide recommendations for designing girders with ECC, accounting for its tensile strength and ductility 

Research Plan - Summary of Project Activities (Tasks)

The following tasks will be performed to achieve the research objective stated above. 

Task 1 - ECC Mix Development: An ECC mix with compressive strength comparable to CC, commonly used in prestressed girders, will be developed. A typical ECC has a compressive strength of about 5-7 ksi. Increasing the compressive strength to our target range, suitable for precast concrete bridge members (8-12 ksi), while achieving a tensile strain capacity of at least 1%, will require modifications to the matrix and the fiber-matrix bond. 

Task 2 - Proof-of-concept testing: To experimentally test the idea of replacing CC with ECC to achieve higher flexural capacity, beam specimens with ECC and CC will be fabricated using unbonded strands. Bending tests will be conducted. Our preliminary numerical analysis showed that having some bonded strands, rather than none, is optimal for leveraging the tensile ductility of ECC. Therefore, some bonded strands will be considered for specimen design. Displacements, strand stresses, reinforcement, and concrete strains will be measured. The outcomes of this task are the load-displacement relationship, crack patterns, and strand stress at failure. 

Task 3 - Numerical model development and validation: A numerical model in a finite-element software will be developed and validated. The model will build on the principles of strain and displacement compatibility (with concrete) for bonded and unbonded reinforcement, respectively. The numerical model will provide load-displacement behavior, as well as stresses and strains in concrete, reinforcing bars, and strands at any section along the girder length to develop a deeper understanding of the structural behavior of girders with unbonded PT strands. The numerical model created in Task 3 will be validated using the data collected in Task 2. 

Task 4 - Parametric studies: The validated models from Task 3 will be used to assess the impact of design parameters on ECC’s effectiveness. The specimens tested in Task 2 will be modeled with varying total reinforcement areas, two concrete types, and bonded strands to total reinforcement ratios. 

Task 5 - Design method development: The nominal moment capacity (Mn) and the stress in unbonded strands at Mn (fps) will be calculated using a conventional mechanics-based force-equilibrium approach commonly used for CC design. However, unlike the CC design, which assumes zero tensile strength of CC, ECC’s tensile strength will be considered in the design.

Project Progress:

Progress for each task

Task 1 – ECC Mix Development (100% complete):

Task 1 focused on developing an ECC mix with compressive strength comparable to that of conventional concrete (CC) typically used in prestressed concrete girders. To develop such a mixture, the first step was to prepare trial mixtures to increase the matrix compressive strength. Four trial mixtures with weight proportions shown in Table 1 were developed. Details related to trial mixture selection and the mixing procedure were provided in the Q1 report.

Table 1. Mixture composition and strength qualification test results
	Mixture ID
	Cem-ent
	Fly ash
	Silica-sand
	Water/
Binderratio*
	HRWRA
	Micro-silica
(955U)
	PVA fibers (Vol %)
	4-day comp. strength, ksi 
	COV (%)

	Mix 1
	1
	1.20
	0.82
	0.31
	1.00%
	-
	2%
	3.7
	4.7

	Mix 2
	0.95
	1.30
	0.86
	0.31
	1.33%
	0.05
	2%
	3.2
	6.9

	Mix 3
	0.85
	1.41
	0.97
	0.31
	1.00%
	0.15
	2%
	3.5
	5.4

	Mix 4
	1
	1.20
	0.82
	0.24
	1.66%
	-
	2%
	5.5
	4.3


* Binder includes cement and supplementary cementitious materials – fly ash and microsilica 

Among the four mixtures in Table 1, Mix 4 exhibited the highest 4-day compressive strength. However, the fresh properties and dispersion of PVA fibers in Mix 4, which are critical to achieving tensile ductility, were unsatisfactory. Therefore, the second step aimed to achieve the desired tensile ductility (>1%) by replacing the PVA fibers with high-molecular-weight polyethylene (PE) fibers in Mix 4. Compared with hydrophilic PVA fibers, PE fibers are hydrophobic and therefore exhibit lower water demand. The PE fibers also allow greater slip at the fiber-matrix interface than PVA fibers, resulting in high complementary energy sufficient to overcome the fracture energy barrier for achieving multiple micro-cracking under tension.

The resulting ECC mixture exhibited the following mechanical properties after 28 days of curing under ambient conditions:

· Compressive strength of 2” cube (ASTM C109) [10] = 9.6 ksi (COV= 5%)
· Compressive strength of 3” cylinders (ASTM C39) [11] = 7.3 ksi (COV = 12%)
· Tensile strength [12] = 0.8 ksi (COV = 16%)
· Cracking strength [12] = 0.6 ksi (COV = 23%)
· Tensile strain capacity [12] = 2.1% (COV = 27%)

Task 2- Proof of concept testing (75% complete):

Task 2 focused on experimentally evaluating the concept of replacing conventional concrete (CC) with engineered cementitious composite (ECC) to achieve higher flexural capacity in prestressed concrete beams with unbonded strands.

Beam cross-sections, reinforcement detailing, and prestressing configurations for the proof-of-concept testing were determined. These designs considered the available testing facilities in the PI’s laboratory and the measurement requirements necessary to capture the structural response and outcomes relevant to the project objectives. Based on these considerations, two sets of beam cross-sections are planned for evaluation as shown in Table 2. The table also provides the measured material strengths and prestressing levels of the beams. 

Table 2. Test matrix for proof-of-concept testing
	Sample ID​
	Beam Details​
	Compressive strength​ (ksi)
	Pretension​ after losses​ (ksi)
	Post-tension​ after losses (ksi)

	Set 1

	CC-RF-
POST​
	Single post-tensioned strand with reinforcement​(Conventional concrete)​
	8.3
	NA​
	72

	ECC-RF-POST​
	Single post-tensioned strand with reinforcement​(ECC)​
	9.9
	NA​
	76

	Set 2

	CC-PRE-POST​
	Post-tensioned with Pretensioned strand (Conventional concrete)​
	6.3
	66
	67

	ECC-PRE-POST​
	Post-tensioned with Pretensioned strand (ECC)​
	​​Testing expected by October 30



Beams in both sets have a cross-section of 6” wide and 10” deep, and the total length of the beams is 10 feet. The two sets of beams shown in Table 2 are briefly described below:
 
· Set 1 - Post-tensioned beams with ordinary reinforcement: This set consists of two beams, one with conventional concrete as a control specimen and another with ECC. These beams consist of one 0.5” diameter unbonded post-tensioned strand and one #6 rebar in the tension zone. Sufficient lateral reinforcement is provided to avoid shear failure.
· Set 2 - Post-tensioned beams with prestressing strand: This set also consists of two beams, one with conventional concrete and another with ECC. These beams consist of two 0.5” diameter strands, one unbonded post-tensioned and one pretensioned, creating a hybrid prestressing system. No additional reinforcement is provided in longitudinal directions. Sufficient lateral reinforcement is provided to avoid shear failure.

The experimental capacities of different beam configurations and their comparisons with AASHTO-predicted capacity (and capacities predicted from finite element analysis [FEA] simulations) are presented in Table 3. 

Table 3. Experimental load capacity compared to AASHTO and FEA predictions
	Sample ID​
	Experimental (kip)
	AASHTO (kip)
	Difference
	FEA 
(kip)
	Difference

	Set 1

	CC-RF-POST​
	22.8
	18.9
	-20.6%
	25.6
	12.0%

	ECC-RF-POST​
	35.5
	32.0*
	-9.9%
	35.1
	-1.1%

	Set 2

	CC-PRE-POST​
	30.5
	29.1
	-4.8%
	29.2
	-4.3%


* The AASHTO capacity of the ECC beam was estimated by adding the tensile strength contribution of ECC to the AASHTO-predicted capacity of an equivalent concrete beam.

The results obtained to date demonstrate that the enhanced tensile behavior of ECC translates into improved structural performance of prestressed beams. The ECC beam (ECC-RF-POST) reached an experimental capacity of 35.5 kip compared with 22.8 kip for the corresponding conventional concrete beam (CC-RF-POST), representing an approximately 56% increase in peak load. Although the ECC specimen also had a moderately higher compressive strength (9.9 ksi compared with 8.3 ksi for conventional concrete), calculations show that the increase in beam capacity cannot be attributed solely to compressive strength. The improvement is consistent with the tensile strain-hardening behavior of ECC. 

The predicted capacities also showed generally good agreement with the experimental results. The AASHTO method underestimated the experimental capacity by approximately 21%, 10%, and 5% for CC-RF-POST, ECC-RF-POST, and CC-PRE-POST, respectively, indicating an overall conservative prediction. The FEA predictions showed closer agreement with the experiments, with differences of approximately 12%, 1%, and 4%, respectively. In particular, the close agreement between calculated and tested capacities for ECC-RF-POST indicates that AASHTO estimates, modified to include the ECC tensile capacity and numerical models, effectively capture the additional structural contribution of the tensile response of ECC.

The post-failure crack patterns shown in Figure 1 provide additional evidence of the different damage mechanisms of the two materials. The conventional concrete beam developed a relatively limited number of widely spaced cracks, with deformation ultimately concentrating into several dominant cracks. In contrast, the ECC beam developed a substantially larger number of closely spaced cracks distributed over the flexural region before the eventual localization of a major crack at failure. Fiber bridging across an initially cracked matrix permits additional tensile load to be transferred to adjacent uncracked regions. Similar behavior has been widely reported for ECC-reinforced concrete structural members [13-15] and is shown for the first time for ECC members with unbonded post-tensioning. 

Set 1
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Figure 1. Crack patterns post-failure for different tested beams

Task 3 - Numerical model development and validation (75% complete):
A numerical model to simulate the beams was developed for both sets designed in Task 2. The developed models in QPR2 are extended to account for prestressing strand development length and compared with experimental data (Table 3). Further model calibrations are underway.
 
Tasks 4 (parametric studies) and 5 (design method development), planned for the last quarter of the project, have not yet started.

Percent of research project completed
75%

Expected progress for next quarter
In the next quarter, Tasks 2, 3, 4, and 5 will be completed.

Educational outreach and workforce development
The TRANS-IPIC-funded Ph.D. student on this project participated in two outreach events this quarter: UB Transportation Innovation and Impact Day and the UB INFORMS Chapter PhD Mixer and Networking Event. The details of these events are provided in the Appendix below.

Technology Transfer
None


Research Contributions:

Papers that include TRANS-IPIC UTC in the acknowledgments section:
None

Presentations and Posters of TRANS-IPIC funded research:
None

Please list any other events or activities that highlights the work of TRANS-IPIC occurring at your university (please include any pictures or figures you may have). Similarly, please list any references to TRANS-IPIC in the news or interviews from your research. 
None


Appendix 1: 

Research Activities, leadership, and awards (cumulative, since the start of the project):

A. Number of presentations at academic and industry conferences and workshops of UTC findings
· No. = 0

B. Number of peer-reviewed publications submitted based on outcomes of UTC funded projects
· No. = 0

C. Number of peer-reviewed journal articles published by faculty.
· No. = 2

D. Number of peer-reviewed conference papers published by faculty.
· No. = 1

E. Number of TRANS-IPIC sponsored thesis or dissertations at the MS and PhD levels.
· No. MS thesis = 0
· No. PhD dissertations = 0
· No. citations of each of the above = 0

F. Number of research tools (lab equipment, models, software, test processes, etc.) developed as part of TRANS-IPIC sponsored research
· None

G. Number of transportation-related professional and service organization committees that TRANS-IPIC faculty researchers participate in or lead.
· Professional societies
· No. participated in = 4
· No. lead = 0
· Advisory committees (No. participated in & No. led)
· No. participated in = 2
· No. lead = 0
· Conference Organizing Committees (No. participated in & No. led)
· No. participated in = 2
· No. lead = 0
· Editorial board of journals (No. participated in & No. led)
· No. participated in = 2
· No. lead = 0
· TRB committees (No. participated in & No. led)
· No. participated in = 1
· No. lead = 0

H. Number of relevant awards received during the grant year
· No. awards received = 0

I. Number of transportation-related classes developed or modified as a result of TRANS-IPIC funding.
· No. Undergraduate = 0
· No. Graduate = 2

J. Number of internships and full-time positions secured in the industry and government during the grant year.
· No. of internships = 0
· No. of full-time positions = 0
Appendix 2: Details of outreach events

Event: UB Transportation Innovation and Impact Day

Date: August 20, 2026
Location: University at Buffalo, North Campus, Buffalo, NY
Details: The UB Transportation Innovation and Impact Day brought together industry experts and researchers working on transportation-related research. A TRANS-IPIC-supported PhD student presented findings from the TRANS-IPIC-funded project to industry representatives and researchers from other universities, providing an opportunity to disseminate project outcomes, receive feedback from external stakeholders, and establish connections beyond the research team.
[image: ]
TRANS-IPIC-associated PhD student demonstrating TRANS-IPIC-supported research at UB Transportation Innovation Impact day


Event: UB INFORMS Chapter PhD Mixer and Networking event

Date: September 21, 2026
Location : University at Buffalo, North Campus, Buffalo, NY
Details: The UB INFORMS PhD Mixer and Networking Event brought together PhD students from different departments and research disciplines across the university, providing a platform for interdisciplinary interaction and professional networking. During the invited talk, TRANS-IPIC-funded research projects were discussed, highlighting how ongoing research in advanced concrete materials and innovative construction technologies is helping shape the future of bridge engineering.

[image: ]
TRANS-IPIC-associated PhD student sharing TRANS-IPIC-supported research at UB INFORMS Chapter PhD Mixer and Networking event
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