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TRANS-IPIC Quarterly Progress Report:

Project Description:
1. Research Plan - Statement of Problem
The vision of this work is that through innovative use of mechanical anchors, precast concrete bridge girders can adaptively camber to have zero deflection when subjected to external loads. Motivation for this work is twofold: topology optimization and long-term deflection control for transforming precast concrete research. A bridge girder that contains the science of adding camber when loads are applied can reduce girder depth for stiffness requirements, optimizing material utilized as a sustainable solution in the light of climate change. Anchors inserted into slots along the top face of the girder expand longitudinally in the compression zone of the girder when vertical load is applied. The objectives of this proposed work are: 1) create a time-domain quasi static model for load-dependent adaptive camber concrete beam, and 2) compare and validate the model with experimental measurements of adaptive camber beam subjected to moving loads.

2. Research Plan - Summary of Project Activities (Tasks)
Task 1.1: Model stress distribution in precast concrete adaptive girder due to exerted force from adaptive anchor system
A finite element model will be created to characterize the stress distribution in the girder as a camber is forced into the compression face. Anchors will be embedded into slots on the top face of the precast girder.

Task 1.2: Create form-finding model of time-varying camber of adaptive precast girder. A form finding method, called dynamic relaxation, is a static analysis that does not require inversion of the stiffness matrix, thus well-suited for structures undergoing large deformations. This method is better suited to large deformations compared with finite element models for the structural member.

Task 2.1: Study adaptive camber effect of one anchor for parametric analysis. To examine the experimental behavior of the expanding anchor that will form the basis of the adaptive precast girder system, stress and strain from one expanding anchor will be studied. A specimen of approximately 1-ft span and 4-in depth will be formed with one slot on the compression face for an anchor of approximately 1-in length.

Task 2.2: Build 4-ft prototype of adaptive precast concrete girder and compare measurements with analytical model.
A bench-scale precast girder will be approximately 4-ft span and a cross-section of 6- in depth and 4-in width. Minimum longitudinal tensile reinforcement will be provided. Strain gauges and high-fidelity camera measurements will be utilized for data collection during testing in the same manner as in Task 2.1.


Project Progress:
3. Progress for each research task

Task 1: 20% complete
Task 2: 0% complete
Task 3: 75% complete
Task 4: 10% complete
Determination of Expansion Forces
Manufacturers of concrete anchors provide tensile pull-out strength to provide criteria for selection and application. However, using anchors to produce compressive forces within a concrete member is not intended by the manufacturer. To determine feasibility, expansion forces produced by the anchors needs to be measured through testing.
Initial ideas for test formulation utilized wood test frames along with food scales. The first test apparatus using a digital food scale, sawn lumber, and C-clamps can be seen in Figure 2. Several issues with this initial apparatus led to further development. The first issue was found in the digital scale which was zeroed after clamping and placement of the anchor. Once the sleeve anchor began to expand, readings on the scale continuously decreased until clamps were removed. Weight readings on the scale increased as the anchor deployed, but never settled as they continuously decreased. To mitigate issues with reading measurements, the food scale was changed to an analogue scale. Another issue was containment during the deployment process. The anchor had the ability to spin and move laterally without deploying in the test frame. Adding a front plate which acted as a fastened member to the face of the frame restricted lateral movement of the anchor.
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Figure 2: Initial test frame using a digital food scale, sawn lumber, and c-clamps.
A new frame was developed using plywood, sawn lumber, and wood glue. The frame along with an analogue scale can be seen in Figure 3. The test was not conducted with the scale in the orientation shown but rotated with the back of the scale against the left wall. Holes corresponding to recommended pilot hole diameters from each anchor manufacturer were drilled into the left wall. The height of the bottom of the hole aligned with the top of the scale. Each anchor has an inactive region which does not deploy to accommodate a fastened object. The back wall of the frame was thicker than the minimum specified thickness, so a spade bit was used to remove wood around the pilot hole and decrease the thickness of the back wall.
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Figure 3. Test frame with the analogue scale showing the top plate and back wall. More detailed sketches along with test procedure can be found in Appendix C.
The top plate of the frame allowed for adjustment and movement vertically along the wall to match height of the scale and utilized a rectangular opening. The opening matched the width of the back wall but had a small tolerance behind the wall. Tight tolerances allow for adjustment downward to the anchor but when an upward force is applied on the top plate, a semi-fixed plane is created for the anchors to push against.
Test Procedure
To begin testing, an anchor was inserted into the pilot hole from the back of the wall. In the case of the hollow-wall anchor, a set screw was installed in the notches of the outer sleeve through the front of the frame to contain the anchor against spinning in the pilot hole (see Appendix A). Next, the scale was slid under the anchor and proper alignment was checked. The scale was oriented in a manner so that the anchor was as close to the center of the scale spring as possible to avoid eccentricity. The top plate then slid down the back wall to contain the deployed anchor against upward movement. After sliding the top plate, the scale zero may change and need to be re-zeroed for the test. Frame movement during testing was an issue encountered early in the testing process, so the frame was clamped down on the table to prevent sliding. Deployment of the anchor utilized a power drill or wrench depending on the anchor. The sleeve anchor used an adjustable wrench, and the hollow-wall anchor used the drill. The drill was set to the low speed/high torque setting to provide improved control of the deployment rate. The rate of deployment aimed to be slow and consistent throughout the process to avoid dynamic loads. Twisting occurred until the scale reached a stable reading. Maximum values displayed on the scale were recorded. A deployed hollow-wall anchor in the test scale can be seen in Figure 4.
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Figure 4: Hollow-wall anchor deployed in the test frame after the test has been conducted.
Results
Out of the tested anchors (hollow-wall and sleeve anchors), the hollow-wall anchors are the only anchor which produced measurable forces on the food scale. The sleeve anchors did not produce results using this test method and must be tested in another manner. The hollow-wall anchors produced 12 force readings. A scatter plot of Force vs Test Number is shown in Figure 5.
[image: ]
Figure 5: Force Values for the Hollow-Wall Anchors
Through twelve tests, force values ranged from 5.5-11.5 pounds producing a range of 6 pounds. The average of tests was 8.05 pounds with a standard deviation of 2 pounds. Discussion
Testing the anchors using the wood produced results for the hollow wall anchor, but not for the sleeve anchor. The sleeve anchor was expanded fully and remained flush within the test frame but did not produce force on the scale. Sleeve anchors do not deploy

in large deformations or high rates, which may have allowed the top plate to slip upward under the gradual application of force. One option may be to secure the top plate prior to deployment; however, this could require losing the adjustability and ease of movement for repeatable tests. With a secured top plate, deformations may not be large enough to engage the scale on measurable levels. Other options for measuring sleeve anchor forces will need to be explored in the future.
The hollow wall anchors produced force values with a relatively large range compared to the magnitude of the forces. The results from twelve tests do not produce a distinguishable trend other than the average at 8.05 lbs. The small magnitude of force readings produces the appearance of a very inconsistent test result. More tests should be conducted to increase data points.
Issues with the methodology and test frame limited the number of hollow-wall anchor tests to twelve. The hollow wall anchors have pointed portions around the collar which are meant for gripping the mounting surface. In wood, these points do not perform well and are susceptible to spinning. When the points spin, they dig and tear ruts into the surface of the wood (see Appendix B). To mitigate spinning a set screw was used, but the notches in the collar do not immobilize the sleeve and rutting still occurs at a slower rate. Rutting causes damage to the frame, expands the pilot hole, and creates issues for the set screw after a few tests. After a few tests, new pilot holes must be drilled to continue testing. Another issue related to the frame is slipping of the top plate and the scale under the deployed anchor. Tests were recorded on video and upon review, the top plate can be seen slipping up the back wall in several cases. Slipping can reduce the maximum value observed on the scale creating precision issues of the test. The scale can also slip from under the deployed anchor which is usually seen in a popping motion or heard. Many of the tests were treated as non-measurable due to these reasons. Slipping of the top plate can occur from pausing deployment of the anchor. Once tightening begins, a constant pace of deployment should be kept to minimize the potential for slipping. Damage to the wings of the hollow wall anchor will cause twisting of the anchor sleeve rather than deployment. If wings on the anchor are damaged on insertion, the anchor will not deploy and twist around itself (see Appendix D). Lastly, space on the test frame limited how many pilot holes could be used prior to large eccentricity in about the scale center- point/spring. Space on the back wall played a role in the number of tests which could be conducted without creating a new frame.
Conclusions
Due to the small number of tests and inability to get measurements for the sleeve anchors more testing should be conducted to understand the forces generated through the expansion of concrete anchors. For applications such as creating camber in concrete girders, the test results and method provide a starting point for further testing. The results provide a rather large range of values, but insights learned throughout the testing process will improve future testing procedures.


4. Percent of research project completed
20%

5. Expected progress for next quarter
1) Cast lab specimen with anchors, conduct 5-10 non-destructive tests
2) Advance modeling of concrete section using form finding with adaptive anchors
3) Begin research on parametric design Task 2.1

6. Educational outreach and workforce development
Educational outreach has not yest been conducted but is in planning for third quarter. PI Sychterz will be leading the charge on developing a new collaboration with the University of Stuttgart in Germany on advancing the field of adaptive bridge girders and student advising on the subject.

7. Technology Transfer
No new patents or technology have been developed in this quarter. As this is a brand new concept in the United States, patents will be the subject of future funded projects with this project being the test bed.

Research Contribution:
8. Number of papers
Currently, no conference or journal papers have been published from this project. The PIs are targeting TRB 2025 and ACI 2024 Fall conferences to disseminate this work.

9. Number presentations (when, where)
Currently, no presentations have been made from this project. The PIs are targeting TRB 2025 and ACI 2024 Fall conferences to disseminate this work.
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