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Presentation Outline

® Background

@ History

® Experimental study
® Results

® Future work




Hardness

® Rockwell Hardness

e Depth of penetration of indenter under a
large load compared to the penetration
made by a preload

® ASTM A370

e Estimates ultimate tensile strength
® Equipment

e Laboratory

e Portable




Hardness Testing Devices

@ Benchtop @ Portable




Rivet Hardness Correlation
{fly A370 - 09a""

TABLE 3 Approximate Hardness Conversion Numbers for Nonaustenitic Steels” (Rockwell B to Other Hardness Numbers)
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Hardness vs Approximate Tensile
Strength

g—
(2]
4
—
N
e}
(@))
(-
(¢D)
|-
frar}
)
2
k%)
S
l_
D
s}
(qv]
E
X
o
-
o
o
<

N
o

o




Motivation

@ Evaluation of existing structures

® Expense of destructively removing
e Cost of labor
e Cost of testing

® Rivet data iIs somewhat variable
e History (i.e., age) q

o Effects of driving
il |"'.
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History of Rivet Material
Requirements

Steel Design Guide Series

AISC Rehabilitation and Retrofit Guide

A Reference for Historic Shapes and Specifications

Roger L. Brockenbrough, PE
R. L. Brockenbrough & Associates, Inc.
Pittsburgh, PA

AMERICAN INSTITUTE OF STEEL CONSTRUCTION




History of Rivet Material
Requirements

® ASTM A7 Rivet Steel
e ~1901-1931
o 1901-1904: 50 - 60ksiI
o 1905-1913: 50 ksi desired
5 1914-1931: 46 - 56 ksi
® ASTM Al141
e 1932-1967: 52 ksi - 62 ksi
o 1932-1933 — Tentative revision to A7
® ASTM A195: High-Strength Rivet Steel
® ASTM A406: High-Strength Structural

Alloy Rivet Steel



History of Rivet Material
Requirements

® ASTM A502

e 1967-present

e 3 Grades
o Grade 1: Carbon steel rivets
o Grade 2: Carbon Manganese rivets
o Grade 3: Weathering steel rivets
* No strength limits
o Grade 1: 55 < HRB =72
o Grade 2: 76 < HRB < 85
o Grade 3: 76 < HRB < 93



Goal

® Determine hardness variation




Rivets Tested

® 1890 — BNSF Bridge

® 1892 — Gauley Bridge

® 1925 — Wilson Dam Bascule Bridge

® 1929 — Milton Madison Bridge

® 1940 — CP Bridge

® 1963 — Gauley Bridge Retrofit

® 1964 — I-35W Bridge

® 2013 — TPF-5(253) Research

® 2015 — Undriven Rivets: JayCee Rivet Supply



Rivet Removal: Chipping




Rivet Removal: Coring
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Test Locations



Polishing




Hardness Measurement




Hardness Data

BNSF Bridge (1890)
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Hardness Data

Gauley Bridge (1892)

1 ¥ 1

D -
Location




Hardness Data

Wilson Dam Bascule Bridge (1925)

1 ¥ 1

D -
Location




Hardness Data

Milton Madison Bridge (1929)
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Hardness Data

CP Bridge (1940)
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Hardness Data

Gauley Bridge Retrofit (1963)
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Hardness Data

I35W Bridge (1964)
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Hardness Data

TPF Specimens (2013)
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Data Summary

BNSF Bridge (1890)
Gauley Bridge (1892)
Wilson Dam Bascule Bridge (1925)
Milton Madison Bridge (1929)
CP Bridge (1940)

Gauley Bridge Retrofit (1963)
I-35W Bridge (1964)

TPF Research (2013)

Undriven Rivets (2015)
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Test Locations
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Data Summary

BNSF Bridge (1890)
Gauley Bridge (1892)
Wilson Dam Bascule Bridge (1925)
Milton Madison Bridge (1929)
& CP Bridge (1940)
Gauley Bridge Retrofit (1963)
I-35W Bridge (1964)
TPF Research (2013)
\_  Undriven Rivets (2015)




Conclusions

® Generally meets the specifications
@ Minimal variability through an individual rivet
® Head Is representative of shank

@ Rivet head hardness Is a suitable
representation of rivet strength



Future Work

@ Compare driving method
@ Additional bridges from S-BRITE

® Evaluate handheld hardness tester



Questions?




