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Phase | — Review EI

» Performed field experimentation and numerical simulation

*  Quantify typical lateral and vertical forces, and resulting rail
displacements by field tests
Threaded stud preliminary structural evaluation

«  Static FE parametric study & results

» Provided insight into the design, behavior, and expected
performance of the DFFS
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Phase | — Field Results
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» The low rail appears to withstand higher L/V ratios than the high rail

» The largest L/V ratios are seen at Site 2 (D07), followed by Site 3 (A02), and

finally at Site 1 (D02) | llinois |
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Phase | — FEM Results
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Phase | — Conclusions

» Field Experimentation

* Wheel loads ranged from 2.7 kips to 18.2 kips for vertical, and 0.9
Kips to 12.4 kips for lateral

« Calculated L/V ratios range from 0.07 to 1.5
Lateral rail head displacement ranged from 0.01 to 0.14 inches

» Finite Element (FE)

« Shims may reduce stress by as much as 36% at the cost of a 28%
increase in rail head movement under irregular grout pad surfaces.

It may be beneficial to use HDPE shims to mitigate both stress
on the fastener and stress on the grout pad.

« Locations on the fastener with high stress:

Frame — around slot where anchoring is provided
Top Plate — along edge of rail seat
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Phase Il — Project Overview

» Fatigue FEM Analysis
« Evaluate fatigue life and performance of WMATA's DFFS
« Based on an updated version of the static FE model developed in Phase |,
focus on detailed single-fastener analysis
» Structural Engineering Analysis

» Understand DFFS failure behavior and related affecting parameters using
ACI proposed formulas:

Sensitivity Study — UIUC
Detailed Structural Analysis — Hanson Professional Services, Inc.

» Laboratory Structural Tests
» Understand differences between structural analysis and actual performance
« Validate the applicability of ACI safety factors, and propose factors that are
tailored to WMATA's design and operating conditions
» Misc. Expert Comment

» Role of torque vs. tension on bolts and its influence on DF system
performance
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Phase Il — Project Approach

Element
Modeling

FE-Safe
Fatigue
Study

Structural
Sensitivity
Analysis

Laboratory
Study

Compare laboratory results with
ACI proposed results and validate
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Example FEM Fatigue Results
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Theoretical Anchorage Capacities

1

Calculations performed by Hanson Professional Services

Tension Shear (Perpendicular)
Steel oncrete Adhesive Steel Concrete Concrete
Edge Strength reakout Adhesive [sustained))| Strength Breakout Pryout
Distance Embedment [Single] [Group] [Group] [Single] [Single] [Single] [Group]
(in) {in) (Ibs.) (Ibs.} (Ibs.) {Ibs.) {Ibs.) (Ibs.) (Ibs.)
a 4 43,313 11,352 5,902 5,821 18,018 4,116 24,450
5 4 43,313 12,567 10,636 5,821 18,018 5,752 27,067
-] 4 43,313 13,844 11,395 5,821 18,018 7,561 29,006
7 4 43,313 13,844 12,181 5,821 18,018 9,299 29,817
8 4 43,313 13,844 12,993 5,821 18,018 10,627 29,817
4 5 43,313 11,504 12,377 7,276 18,018 4,174 24,777
5 5 43,313 12,586 13,295 7,276 18,018 5,834 27,108
7] 5 43,313 13,717 14, 244 7,276 18,018 7,669 29,544
7 5 43,313 14,897 15,226 7,276 18,018 9,431 32,085
2 5 43,313 16,538 16,241 7,276 18,018 10,778 35,621
4 & 43,313 11,059 13,649 8,731 18,018 4,174 23,819
5 B 43,313 11,990 14,660 8,731 18,018 5,834 25,825
6 2] 43,313 12,960 15,708 8,731 18,018 7,669 27,913
7 [ 43,313 13,967 16,791 8,731 18,018 9,431 30,082
a8 7] 43,313 15,012 17,910 8,731 18,018 10,778 32,333

» Note: WMATA-specified clamping force is 30 kips per connector
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Example Result of Sensitivity Analysis

Relationship between adhesive failure and embedment depth
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Laboratory Study of Structural Capacity

Summary of experimentation plan

: Critical Edge Grout Pad
Type of Test Connection Type Epoxy Type Distance Embedment Depth Thickness
Tension Threaded Rod A 5 5 Varied
(0; 1-1/4; 2; 3)
. Varied
Th R A 2
Tension readed Rod 5 (4:5: 6: 7)
_ Varied
Th R B 2
Tension readed Rod 5 4:5: 6 7)
Tension Threaded Rod A Varied 5 2
(5,7, 9; 20)
Single Insert
Length Varies .
. . Varied
Tension Female Insert A 5 with Grout ] Al
: (0; 1-1/4; 2; 3)
Thickness
(6; 4-3/4; 4; 3)
Varied
2
Shear Threaded Rod A (5:7: 9) 5
Varied
Shear Female Insert A (5:7:9) 5 2

Note: Five replicates will be performed for each condition tested

» Note: 5 Replicates preformed for each pullout condition tested
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Laboratory Study of Structural Capacity

Specimen details and drawings
» 30 Slabs cast » Variables
» 3-5 Replicates per condition * 3 Slab widths

» 130 Total tests * 2Anchorage types
* 4 Grout pad thicknesses

* 4 Embedment depths

« 2 Epoxy types
#6, #15 (Dif. Epoxy) POXy typ
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Laboratory Setup

RailTEC at lllinois | 14



Video - Shakedown Test |

Constrained condition - Steel failure
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Video - Shakedown Test Il

Unconstrained condition - Concrete failure

RailTEC at lllinois | 16



Structural Capacity Investigation Process
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Example Result on Pull-out Tests

Insert embedment depth of 4% inches
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» The ACI safety factors applied in this case appear to be conservative
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Initial Conclusions and Future Work

» Preliminary Conclusions
« Fatigue FEM

Missing field support can result in a reduced service life due to a
higher stress state of the fastener

« Laboratory Testing

Safety factors given by ACI appear to be conservative for the
scenarios evaluated to date

» Future Work
« Finalize laboratory structural tests (tension and shear)

« Compare obtained results with ACI calculated capacities to evaluate
relevancy of ACl’s safety factors
Provide conclusive comment on the result and propose new
calculation safety factors when applicable

« Propose DFFS (and connection systems) design improvements in
relation to the obtained results from structural sensitivity analysis and
laboratory test.
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