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1.0 PROCEDURE FOR SAMPLING STRUCTURAL STEEL MEMBERS

Requests for sampling usually originate from Design Division. Obtain

copies of the following:

a) General Plan of Site

b) General Plan of Structure

¢) Structural Steel Details
Determine location of structure (bridge) and site limitations. 'Using these plans
prepare proposed sample locations taking into account possible access problems
such as railroad tracks, water under structure and heavy traffic flows.
Occasionally Design will request samples to be taken from specific locations
along the selected beams., If this is the case, remove samples from these
locations requested and a sufficient number of additiocnal samples to provide a
good average for testing. If no specific locations are requested remove a
minimum of 4 sanples chogsen randomly from beams exclusive of fascia beams.
Samples are taken from compression areas, usually at center piers or abutments.

1.1 Method of Removal

Equipment required: 12 ft. tape
' : Lumber crayon
. Portable bandsaw
100 ft. electric cord
Portable generator
Black felt marker
Note pad for field notes

Using the sheet for "Layout of Specimen Removal From Bridge Steel Beams" (see
page 4) mark on the bottom flange of the selected beam the size of sample needed.
The location is usually at 1'-2' away from the ends of the beams. When this is
done both ends of the sample must be tapered as shown in the center drawing of
the layout sheet. Care must be take to prevent any sharp corners of nicks in the
flange as these may contribute to fracturing of the beams. If sharp edges are
created these must be ground out either by the crew removing the samples or a
note nmust be written in the letter to Design suggesting that the contractor
should perform the above work during the bridge repair contract.

1.2 Specimen Preparation

Specimens are prepared by the Materials & Technology Machine Shop using the
"Tayout of Specimen Removal From Bridge Steel Samples". This gquide is based upon
quidelines for specimen size in ASTM A-370.

1.3 Testing

Tests conducted are as follows:

Charpy Impact Test — To determine fracture toughness of the steel.
ASTM A-370 Sections 19-23 and ASTM E-23.
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- structural members. Elements generally requested are as follows:

“Tensile Test - To determine yield and ultimate load strengths,
percent elongation and percent reduction of area. ASTM A-370 Sections 5-13 and
ASTM E-8.

Chemical Analysis — To determine elements present and percentage
thereof in the steel. ASTM A-751.

NOTE: Most bridges which are sampled are A-36 or A-7 steel.

Charpy specimens are tested by immersion in an oil bath at +40 F for 24 hr.;
then inserted into the Charpy machine and failed. The procedure for operation of
the Charpy machine is in the Structures Unit files.

Chemistry samples are submitted to an outside Laboratory for analysis.
Specific elements to test for are dependant upon the material used in the

Carbon Phosphorous
Silicon Manganese
_ Sulphur

The analysis results are compared to the appropriate ASTM (A588, A572, A36, A7)
for the steel used in the members.

- Weldability is the general concern used to determine chemical elements
needed. A chemical analysis is needed to determine weldability of steel. The
chemical elements which affect weldability of steel are Carbon (C), Manganese
{(Mn) and Silicon (Si). The Carbon Equivalency (C.E.) is determined using the
formula: C.E. = 8C * (¥Mn + %5i / 4).

Tensile specimens are tested using the 20K MTS system following the written
procedure in the procedure manual.

4. Reporting

Test data are analyzed and compared to required results for the appropriate
steel (A588, A572, A36, A7). The results are conveyed to Design along with any
comments and observations noted during removal of samples from beams. Examples
of comments are corrosion of members, fracture and crack locations along members
and settlement of substructure.
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2.0 Chemical Analysis of Structural Steel

Chemical analysis of structural steel A7, A36, AS72, AS88 are presented
in the following pages.
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Amadytical Associates

Anclyhcal Chemists

o 19380 Mt. Elliott
Detroit, Mich. 48234
(313) 369-9400

T@: I— Michigan DOT ' . o _—I : Date: Feb. 21, 1980

Testlng & Research Iabora'tory B o Report No.:  B-1847 :
| Tansing, MI 48909 “_J P. O. No. 79-1471 :

Attention: K. 8. Bancroft
Laboratory Technician

LAB@RATORY REPORT

Sample No. _ | . ‘ A - (ﬂ;

#1 . #2 . #3 #h - #5
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We certify the above analysis to be the true result obtained on the described sample(s).

Analyhcai A

Charles K Deak

Infermation and daota in this report is correct and reliable to the best of our knowledge, however, results are not guaranteed and no respensibility is assumed.
Mo part of this report is to be reproduced for any purpose without our written consent.

Sworn and subscribed before me a Notary Public in and for Wayne

County, State of Michigan this day of

. Notary Public
|
o -F= |

i My Commission Expires
|
i



lytical Associates, Inc.

Analytical Chemists

- 19380 M¢. Elliott
Detroit, Mich. 48234
(313) 369-9400

-

Date:  Nov. 14, 1983

M.chigéﬁ bd'I' 7 ) _

Testing & Research Leboratory | Report No.:. C-6959
P. 0. Box 30049 | | .
Lenging, ML 48909 ] " P.O.No. 831226

Aftention: . Mr. Larry J. Peé.rSOn
LABORATORY REPORT

Sample No.  Description: Eight pieces - solids.
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B1 vuerees 0,128 cesene 0.028% iiis 0.020% cuvee 0.03% vsases 0.61%F 220
B2 vevere 0.12% venres 0.026% vuves 0.020% 20vri 0.03% o.uvls 0,645 387
B3 veeens 0.12% cveen. 0.028% ... 0.019% o.... 0.03% o.ua. 0677 0395
B vvvves 0.12F evevee 0.028% ouiuy 0.0198 auens 0.0ME iuius 0.69% 202
T1 erves 0.22% seuees 0L0LEB ouevs 0.006% oovs' 0.0HF o0uius 0.66% 395
T2 veriee 0u22% veenvs OLOISE eurul 0,008F on.iv 0.05% vevers 0.68%° L 402
T=3 evieee 0u27% veves 00335 vuvue 0.010F aaues 0.06% atens 0775, . 4B7
T% verree 0023 cevers 0,018% cuves 0.011% vuere 0.05% ouvvne 0728 422
023 0020 6609 405 0.7l

We certify the above analysis to be the true result obtained on the described sample(s).

Analytical Associates, Inc.

by

z

c es K, Deak
Information and data in this report is correct and relioble to the best of our knowledge, however, resulls are not guaranteed and ne responsibility is assumed.
No part of this report is to be reproduced for any purpose without our written consent.

Sworn and subscribed befare me a Notary Public in and for Wayne

County, State of Michigan this day of
19 . :

-6- My Commission Expires

Notary Public
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FROJECT TITLE PFAGE
AN
8% Ti-&i Sampling and analysis of structursl stssl 51
{RG1-58051 153050 UE~E4 over tha Ann Arbar
BR. ¢.08 miles north of Michigan/Ohic Lins
g4 TI-979 Investigation of wslding compatibility of 55
steel freom BOI-510R21-217480. M-G5 over the
Manistes River; 0.1 milss =sast of UB-G
B4 TI-1i03E Structural =teel sampling snd testing 57
SO2-81041-2E0730;  I-94 over Wiard Rd.
_ 2 Miles GE of Ypsilantii




4.0 Letters

The coples of letters to Design Division are given here. These letters
contain report of 1) chemical analysis; 2) tensile tests and 3} charpy test
performed using the collected samples. The important findings of investigation
are described in the conclusions.

PROJECT NO. - TITLE

73 TI-180 Cooley Bridge Steel Sampling and Testing

74 TI-201 Steel Yield Strength determination of B02-04032; B02-12021;
B02-50092; B02-63053; B03-73051

75 TI-291 ) Evaluation of Weldability of Steel Beams for Bridge Widening

78 TI-455 Steel Sampling and Strength Determination M-26, South of Eagle
River

78 TI-473 ' Sampling and Testing Steel from Bridges B01-27041 and B02-17011

78 TI-513‘ Non~destructive Testing and Steel Sampling of X06-82123, Wayne
County :

80 TI-641 Testing of Steel on Northbound Portion of B01-70014, US-31 over
the Scuth Channel of the Grand River

80 TI-702 Steel Sampling and Analysis of Impacted Bridge S02-82191; Woodruff
Road over I-75

81 TI-769 Steel Sampling on X01-82052; US-24 over RR. 4.5 miles North of
Flat Rock

83 TI-898 Testing of Steel of Floor Beam Flanges; US-2 over Cut River
(B01-49023-20719C)

83 TI-910 Steel Sampling US-31 Grand Haven‘Bascule Bridge

83 T1-945 Determination of Yield Strength of Structural Steel B01-43022-
20716; US-10 over Baldwin Creek

83 TI-960 Sampling and Analysis of Structural Steel (R01-58051-15205D)
US-24 over the Ann Arbor RR. 0.08 Miles North of Michigan/Chio
Line

84 TI-979 Investigation of Welding Compatibility of Steel from BO1-51021-

21748C. M-55 over the Manistee River; 0.1 Miles Fast of US-31

84 TI-1038 Structural Steel Sampling and Testing $02~81041-23075D; I-94 over
Wiard Rd. 2 Miles Southeast of Ypsilanti
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To:

M. Rothstein
Engineer of Design

Frem: K. A, Allemeier

Subject, Invéstigation of Chemical and Physical Properties of Structural Steel,
B03 of 51021 ~ Cooley Bridge, M 55 over Pine River. Research
Project 73 TI-180, Research Report No. R-894.

This report covers the results obtained from tensile and metallurgical evalu-
ation of samples removed from structure B03 of 51021, Cooley Bridge,
M 55 overthe Pine River in Manistee County, as requested in your memo of

- October 22, 1973.

The purpose of this investigation was to determine the yield strength of the
structural steel employed in various members of the structure. Your let-
ter also stated a requirement that certain members must have a minimum
yield strength of 33,000 psi, in orderto allowfull legal commercial vehicle
loads on the bridge. All members tested exceeded that minimum.

Experimental Details

Twenty-six metallurgical samples were removed from various members of
the structure. Their locations are given in Table 1.

The samples cons1sted of approximately 3/4-in. diameter plugs removed
fromthe members w1th ametal cuttmg hole saw powered by a portable drill
press. :

The samples were submitted tothe Charles C. Kawin Metallurgmal Labora-
tories for chemical analysis.

Tension samples were removed from the suggested locations by sawing with
a reciprocating saw. The samples were approximately 1 in. wide by 9 in.
long by the thickness of the member, Sawing was initiated in all cases at
the loeation where a metallurgical sample was removed in order to mini-
mize sharp notches which could develop stress concentrations. Inno in~
stance was more than one tensionsample removed from the same member.
After removal, the memberwas cleaned and the area of removal was painted.
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The samples were machined to ASTM specifications for [lat tensile speci-
mens utilizing a2-in, gage length, except thatinstead of using the full thick-
negs, all the specimens were machined to a reduced arca, 0.250 in, thick-
ness by 0.500 in. width. By doing this, it was possible, in some cases, to
obtain two tcnsion specimens from onc sample. It also allowed the use of
a more sensitive testing machine due to the smaller loads required for test~
ing. Samples from which two tensile specimens were obtained, are desig-
nated "A" and "B" in Table 1.

The machined specimens were tested for yield and ultimate strength in a
20,000-1b capacity Instron machine equipped with autographicprintout. The
vield and ultimate strengths were obtained directly from the stress-strain
plot. Since all traces exhibited a definite yield point (or "knee') in the
curve, the highest point on the knee is reported as the yield strength. The
stress at 0.2 percent strainvaried fromabout 1,000 psi higher to 2,400 psi
lower than the reported values, but in no case was below 33, 000 psi.

Results

The results of the chemical analysis and tension tests are shown in Table
-1, A brief discussion follows: '

24 by 3/8-in. Web Platés - There were no tension samples obtained from
these members. Chemical analysis of the metallurgical samples obtained
from the plate indicate the compositionto be quite similar to that of sample
No. 7 which showed a tensile strength of 55,500 psi and a yield point of
38,800 psi. Therefore, we would expect the mechanical properties of th
plate to be similar. ‘ '

-6 by 6 by 3/8-in. Angles -~ Chemical analysis showed no wide deviations
from the norm. The averageyicld strengthwas 39,500 psi and the average
ultimate strength 59,500 psi. :

31-1/2 by 7/8-in. Web Plates - There were no tension samples obtained
fromthese members. The mechanical properties shouldbe similarto those
of sample No. 15 which has approximately the same chemical composition.
Sample No. 15 showed anaverage yield strength of 37,200 psi and an aver-
age ultimate strength of 63,100 psi. :

6 by 6 by 7/8~in. Angles - Chemical anslysis showed no wide deviations
from the norm. The average yleld strengthwas 38,600 psi and the average
ultimate strength 64,000 psi.

30W124 Intermediate Floor Beams - Chemical analysis of samples obtained

from these members exhibited approximately 40 percent more manganese
content than the average. The average yield strength was 38,750 psi and

“12- |
|
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the average ultimate strength 64,150 psi. As can be seen, the variation in
manganese content of these members did not seem tfo alter the strength
significantly. Since manganese is usually added to provide toughness, this
scems reasonable, '
30W116 End Floor Beams ~ The chemical composition and me chanical pro-
perties of these members are quite similar to those of the intermediate

floor beams. The average yield strength was 37,700 psi and the average
ultimate strength 63,960 psi.

-

21W59 Stringers - Chemicalanalysis of samples obtained from these mem=-
bers showed greater phosphorous content than the average. Theoretically,
increasing the phogphorous content of low carbon steels, up to a limit, in-
creases strength., From the results of tension tests, this was found to be
true. The average yield strengthwas 20 percent higher than the average of
other samples and the average ultimate strength showed a6 percent increase.
- Values forthese members were 46,350 psiaverage yield strength and 67,405
psi average ultimate strength, '

Conclusions

- All categories showed me chanical properties above the required minimum - _ |
L of 33, 000 psi yield strength. '

On the basis of chemical and ftension tests performed, the subjéct structure
does not require posting for load limit.

TESTING AND RESEARCH DIVISION

pis ‘ ‘ R Acting Engineer of Testing and Research

KAA:MAC:bf
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TABLE 1
LOCATIONS OF SAMPLE REMOVAL AND RESULTS OF
CHEMICAL ANALYSIS AND TENSION TESTS

Chemical Compoaition Mechantenl Propertics
dtructural | Sample = Yield | Ultimate
Momber | Mo Location of Sumple ¢ [ Mn r 8 | strongth, | Steongth,
pal pat
1 phodll;:t' tSW cornor near Gudsot!, oul- 016 0.44 0,012 B, o2h " i
» piate .
2 Ln;l.l, NW corner near Gussett, oul~- o 0 o 40 0,014 0,022 - -
24 by 3/8 Wob - #ide plate .
Platos 3 Iﬁ"“‘; ‘NE comner nour Gussett, oul- 4 37 945 0,011 0,018 - -
aide plate
4 :,i?i-;L;I,msE corner near Gudselt, out- O.i'l 0.44 ©.011 0.020 - -
8 e
5 ;‘;’121' i‘: ?"’" tear Guagett, out~ g 01 9,47 0,018 0.026 40,100 65,300
e (op ang
P L{-L1, NW corner near Guasett, out~ 5.23 0.48 0,018 0,024 _— —
6 by 6 by3/8 alde top angle o .
Angles 1.0-L1, NE corner near Gussett, out- .
7 side tn.p sngle * 0.16  0.41 0.041 0,023 38,800 55,500
8 :ﬂ:‘;;;"; Outstde top angle, SE near 6.20 0,44 0.011 6,030 - -
9 i;;—tem. 8SW near Guwaett, outside 0.21 0,44 0.043 0,023 — -
1p IA-15, NW near Gussett, outside 0.24 0.51 0.013 0,018 — -
al-1/2 by 7/8 plate * - o - ,
wab Plates . )
1 :;;:5. NF. noar Guasett, cuteide 0,20 .43 0.018 0.026 - .
12 ;:;:5. 8F noar Gussett, outslde 0.20 0.56 0.017 0.020 - -—
1A-1A, BW noar Guasctt, outslde top 0.2% 0.6 8 A 39,700 84,700
13 anglo -2 0.51 0.018 _u‘ 02 13 40,300 45,100
1q lA-15, NW noar Guasott, outstdotop 5 90 o 50 0,018 0.028 -- -
G hy 8by T/4 angle - . . . .
Anglon 14-156, NE noar Guesett, insido to)
~16, NE nosr Gussott, " top A 36,800 82,800
16 angle 0.20 0,48 0.015 0,023 1 27,800 83,800
18 ;:;";‘5' SE noar Guasott, outslde top g 00 o 43 9,018 0,027 -- -
A 39,700 84,300
. 17 11, NW near support bottom flange 0,21 0,78 0,015 0,025 B 18,600 64,800
o 30W124 18 Ul, SW near suppart bottom flange 0.20 ©0.79 0.014 0.026 - - :
3 Intermediate v
Floor Beams 19 U}, SE near support bottom flange 0.20 0.78 0,013 0.022 ; :;":gg gg'ﬁgg :
20 Ul, KE bear support bottom flange 0!20 6,78 G.¢l4 0,022 - -
UD, West end, thind stringer from ‘
21 gouth, inside bottom flange pear sup- 0.19 0,81 0.081 0,024 47,600 68,100
port
UG, Woat ond, third stringer (rom
32  uorth, inalde bottom flange near syp- 0,17 0,80 0,081 90,034 - - .
21W59 port
Stringers U9, East end, third stringer from
23  north, inside bottom flange pear sup- 0.13 0.62 0.058 0,032 45,100 66,700
port
B U0, East end, third stringer from
24  gouth, inslde bottom flange neAr sup- 0,17 0.82 0.958 0.034 - - |
port l
. A 138,900 64,300
2 0, SW hottom f} Bear aupport 0,20 0,78 0,01 N ' .
aowl1e 5 b Ange ppo 4 4 0028 5900 64,700
End
A 38,700 63, 300
loor Beams (1] hottom 11 nenr support 0,22 . . . * 4
F 28 uo, NE ange pp 2 ¢.77  0.013 0,025 B 36,300 63,500




* QFFICE MEMORANDUM

e «%—@; MICHIGAN
éﬂ DEPARTMENT OF STATE HIGHWAYS September 10, 1974

TO: Lo Tc OEhleI‘
Engineer of Research —

From: M. A. Chiuntl

Subject: Steel Strengfh Determination - Six Bridges.
Research Project 74 TI-201. Research Report No. R-935.

This letter transmits the results obtained from tensile and metallurgical
evaluation of samples removed from sixbridges confainingsteel of unknown
properties, as requested in M. Rothstein's memo of January 31, 1974,

.The purpose ofthis investigation was to determine the yield strength of the
structural steel used in the various structures. The subject bridges have
load carrying capacities that are belowthe 77 ton legal load limit; based on
75 percent of the assumed 30, 000 psi yield strength. If the determined yield
strengths are sufficiently higher, it may be possible to avoid posting the J
bridges for load restrictions.

Experimental Details

A total of 29 metallurgical samples were removed from the six bridges.
The selected locations af each bridge, along with physical properties and
chemistry, are given in Table 1. The samples were submitted {o the
Charles C. Kawin Metallurgical Laboratories for chemical analysis. Four
tension samples were removed from each structure except for B02 of 12021
which has been widened and contains two different types of beams. Eight
= tension coupons were taken at this structure, four from each type of beam.

Tension samples were removed with a reciprocating saw. The samples
were approximately 1 in. wide, by 9 in. long, by the thickness of the mem-
"ber. After sampling, the beam was clegned and the area of removal re-
painted.

The yield and tensile strengths of the specimens were measured by testing
in the Research Laboratory's electrohydraulic testing machine which gave
an autographic printout of the stress-strain curve. Tension testing was
done in accordance with ASTM Specification A-370, '"Mechanical Testing of
Steel Products, "' withthe exception of specimen thickness, Instead of test-
ing full thickness plate specimens, a subsize sheet type specimen was used
with a cross-section of 0.25 by 0.50 in. A full size plate specimen would
have exceeded the limitations of our equipment and would have required an

_]5_

g
ko
4o
o
10
L




\p\

TABLE 1
LOCATIONS OF SAMPLE REMOVAL AXD
RESULTS OF CHEMICAL ANALYSIS AND TENSION TESTS

Chemical Composition, Mechanical Fla Meets | Meets
Sample percent Properties n{ie Require-flequire-
Structure No Loeation of Sample Yield ] Ultimate Thick- ments | ments
) — l.c|mMa| p | s |Strength] Strength "ie:" of ASTAM|of ASTM
psi psi + |A7-837"] A-ng!
East end near abutment inside bottorn flange
1 of south fascia beam (widened portion) 0.15 0,65 0,024 0.033 38,900 58,300 0,620 X
East end near abutment, outside bettom )
. 2 flange, 5th beam from south {original ¢.20 0,62 0,016 0,038 35,600 60,400 0.600 X
J 2 R beam) : ..
o JJ‘ v % East end near abutment, inside bottom R
‘{ﬁ §3‘ \U‘\ 3 flange, 4th beam from north (original 0.22 0.61 0.0160.043 38,600 62,600 0.600 X X
% fascia) :
> W . East end near abutment, inside bottom .
,‘BOZ of 12021 4 ﬂa.:te:‘e;l 3rd beam {rom north {widened 0.16 0.64 07 024 0.032 40,900 53,600 0.620 X
.\gzUS 12 over Swan portion) i
Creek northeast East end near abutment, inside boitom ‘ E;
of Bronson 5 flange, 3rd beam from south (widened 0,14 0,66 0.0220.033 38,500 58,700 0,620 X b
: portion) i
East end near abutment, outside bottom B
[ flange, 6th beam from south {original 0.21 0,62 0,016 0.042 34,800 61,300 0,600 X -
beam) g
East end near abutment, inside bottom - i
7 flange, 6th beam from north (original 0.20 0,56 0.014 0.047 34,100 59,900 0.600 w il
beam) :
" East end near abutment, inside bottom ! :
8 flange, 2nd beam from north (widened 0.15 0,65 0,022 0,633 37,700 58,300 0.G20 X
portion) . b
West end near abutment, inside bottom
Q\'I,DD 3 flange, south fascia (widened portion) 0.24 0.51 0.0100.020 41,700 64,200 0.531 X X
) West end near abutment, outside bottom
BO2 of 46041 18 S:nge. 2od beam from south (original 0,23 0,44 0,012 0,036 36,100 61,160 0.531 X X
M 34 over South am)
Branch of Raisin East end near abutment, inside botfom
River, southeast . 1 flage, north fascia (widened portion) 0,24 0.51 0.0120.019 47,200 64,900 0,531 X X
[
of Clayton East end near abutment, outside bottom -
12 flange, 2nd beam from north {original 0.23 0.44 0,012 0,034 33,600 60,200 0.531 X
beam)
. Sowth span near pier, outside bottom A40,600 62,600
13 .16 0.71 0.034 0. . :
q%ll/ flange, 2nd beam from east 0.034 0.038 B38,700 61,700 1,000 X X
. ‘South span near pier, inside bottom ) Yas7.800 61,800
14 0,18 0.73 0.017 0,042 * * .
\ flange, 81d beam from east. w4 “B39,300 61,100 1.600 X X
BO1 of 4032
Nerth span near pier, ouside bottom A37,500 62 100
US23 over Thunder 15 > 0,18 0.69 ©.0180,023 * ' 1.600 X .
Bay Riverin Alpena flange, 4th beam from west B40,600 62,200 X
: North span near pier, outside bottom A39,100 60,200 :
16 flangs, 5th beam faom woote 0.8 0.72 0.0180.038 Lot e 1000 X %
South span near pier, inside bottom
17 flange, east fascia beam. 0.1z 0.56 0,009 0.030 2 1.250 2 2
South end near abutment, inside bottom A36,500 62,300 X x
]q’bﬁ 18 flange, west fascia beam., 0,22 0.70 0.618 0,042 535:300 61:500 1,160 x
) South end near abutment, cutside bottom
B03 of 73051 19 ' 0,19 0.65 0,616 0,840 34,300 59,900 0,850
M 13 aver Dattie fiange, 2nd beam from west. i ' ’ .
Dré mi north of North end near abutment, inside bottom : A
0 ' 35,000 59,800
County Line 2 flange, east fascia beam 0.22 0.63 0,016 0.040 L " 00 59,900 1100
North end pear abutment, outside bottom
21 flange, 2nd beam from east, 0.20 0,68 0,0150.045 34,100 58,308 0,858
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TABLE 1 {Cout.)
LOGCATIONS OF SAMPLE REMOVAL AND
RESULTS OF CHEMICAL ANALVSIS AND TENSION TESTS

o

\

. hanical .
Chemical Composition, h&z;ﬂﬁ; Flange Meet.s Mects
Sample . 1 percent Thick- |REauireRequire-
Structurs No, Location of Szmple - Yield |Ultimate nes meats ments
clml » S |Strength |Strength [ - S [of ASTM {of ASTM
psi psi *|aT-33T!h A-36!
South end near abutment, inside bottom :
22 fiange, east fascia beam. * 0.25 0.72 0,034 0.03% 39,800 66,500 0,787 x x
. South end near abutment, cutside bottom .
BOZ of 63053 23 flange, 2ud beam from east, 0.23 0. 78_. 0 019 0.042 41,200 64,400 0,690 X X
US 16 over Clinton
N 5 North end near abutment, inside bottom
Riverin Waterford 24 flange, 5th beam from east. 0.20 0.65 0,0200,027 39,300 63,500 0,787 X X
Neorth end neax abutment, outside bottom
25 flauge, 6th beam from east. 0.19 0.76 0.0170.836 40,900 63,400 0.630 X X
North end near anbutment, inside bottom . .
26 flange, east fasela beam., 0.21 " 0.48 0,030 0.027 34,200 59,40¢ 0.810 .
North end near abutment, outside bottom ’
QJ\ BO2 of 50092 27 ! 0,18 0,87 0.015 0.025 42 166 65,400 0.606 X h:4
(\ M 18 over Sait flange, 2rd beam from east, i :
River, east of South end near abiutment, inaide bottom . A%6.200 65, 000
R New Haven 28 flange, west fascia beam. 0.23 0.65 0.0300.023 537:290 66,100 0.810 X X
South end near abutment, outside bottom
2% Hange, 20d beam from west. - 0.13 0,73 0.0140.024 39,800 59,100 0.606 X

1
ASTM Specification Requirements (shapes)

Properties
ASTM Mechantcal Chemical Composition,
Designation [-ropcile Strength,| Yield Strength, percent
psi psi cMax| Mn [ PMax] s nax
A7-33T 60,000 to 72,000 33,000 cmee emem 0,04 0.05 .
A-36 58,000 fo 80, 000 36,000 0.26 -——-  0.04 0.0 '

-17-
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L. 'T. Oehler : -2~ September 10, 1974

overall specimen length of 18 in., which would be impractical to remove
from the structures involved. All yield strengths were measured using a

- rafe of grip separation of 0.06 in. per minute. The yield strength was de~

termined by the 0.2 percent offset method as described in ASTM A-370.

Samples of sufficient thickness were machined to produce two tension speei-
mens, - These are designated A" and '"B" in Table 1. Flange thickness
values shown in the table are measured at the outside edge of the flange.

Results -

The results of the chemical analysis and tension tests are shown In Table 1.

Average yield strengths exhibited by the samples from each structure are
as follows:

Bridge No. Average Yield Strength, psi

B02 of 12021 )

Beams in Widened Portion 39,000

Original Beams ‘ - 35, 800
B02 of 46041 ' 39,600
B01 of 04032 38,800
B03 of 73051 34,900
BO02 of 63033 - - 40,300
B02 of 50092 37,900

At all but one structure, the flange thickness of the interior beams was as
stated in Mr. Rothstein's memo. Structure B0l of 04032 contains interior
beams with a flange thickness of 1 in. Instead of 0,635 in. as given.

Conclusions

The yield stfength of the structural memberstested are significantly higher
than the assumed 30, 000 psi yield strength and, therefore, it may be pos-
sible to raise or eliminate posted load limits depending on the results of

design computations.

TESTING AND RESEARCH DIVISION

Y7 il a . Z ,r.’;u»w-z'\:

Highway Research Technician 09

MACHE
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August 26, 1975

Bruce Benson
Malntenance Specialty Crew Coordinator

L. T. Oechler

Steel Beams Proposed for Use in Bridge Widening (Flint Location, Dort
. Highway over Creek) Research Project 75 TI-291,

&, T,

At your request of August 2, 1975, we have made an analysis of some steel beams that
had been salvaged and were being considered for uge in a bridge widendag job on Dort
Highway in ¥lint, Michigan. Two samples of the subject beams were procured by the
Research Iaboratory. The first sampie, identifled as Bl, was from a rolled beam 24
inches in depth with a 3/4 x 12-1/8-inch flange and a 0.475 tnch thick web. The second
= sanmple, identified as B2, was from a rolled beam 24 inches in depth with a 1 x 12-1/8—~
o inch flange and a 0. 540 inch thick web. BRoth types of beams appeared to be in poor

) condition with extensive corrosion and pitting of the surfaces. The following data show
the tensile and Charpy impact toughness properties of the beams.

Apeh]
]
e
A
b

. Tansile Properties

Beam L D. Yield Point*(lsi) Tenaile Strenpth{ksl) % Elongation
(2in. G.L.)
BL 29.7 57. 8 48
B2 38,7 85.1 | a8
ASTM A 7 steel 33 | 66-70 24

ASTM A 36 steel 36 58-80 - 21

(*) Determined by the 0. 2% offset strain method. Values represent the average of o
two specimens. :
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Bruce Bengon -5 - _ August 28, 1975

Charpy Impact Toughness

Beam LD, Testing Temperature O T Averaze Energy* (&-Ibs. )
Rl +40 2]
Bl ‘ +20 1
Bl 0 . ' 4
B2 40 20
B2 .. +20 106
B2 | - 0 8

(*) Three Charpy specimens from each beam were tested at each tempefature.

As seen in the table of tensile properties the specimens taken from beam Bl do not

meet the requirements on yleld point or tensile strength of either ASTM steel types A 7

or A 38, The gpscimens taken from beam B2 meet the requirements of both, The Charpy
impact results show that the beam Bl has very low tfoughness, inspite of the extreme

high ductility exhibited by the elongation of 48% in the tensile tests. Beam B2 bas a higher

" level of toughness and does exceed the requirement of 15 fi-lbs, at +40°F that is currently
‘gpecified on some critical main load carrying members that receive tensile stress, These
- yesults point out that high ductility, as meagured by a slow loading test, dees not insure

that good impact notch toughness is present in the steel,

The alloy compositiona of the two steels ave listed in the following table. *

_ Carbon Manganese Silicon Phosphorug- _ Sulfur
“Beam Bl 0.19 0.60 0. 08 0.016 . . 0.039
Beam B2 0.23 0. 60 0. 10 0.011 0. 028

(*) Values are perceant by weizht.

Roth ateels conform to the chemistry requirements of ASTM steels A 7 and A 38. Ko
particular problem should be encountered with the weldability of the steels. In view
of the low yleld point present in the beams, overmatching of the weld metal yield point
ghould be minimized.

-20-
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Bruce Benson -3 - . August 26, 1975

If you have any further questions conceining the beams analyzed, please confact the
Research Laboratory. Any questions on the welding procedures to be applied should
be directed to Dan Hines, Welding Enginee:r, Testing and Research Division.

TESTING AND RESEARCH DIVISION

‘/‘gf/ﬁdé/é/ﬂ//

IA_Eugineer of Regéarch

LTO:WJDCinag

¢c: D, Hines
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‘February 22, 1978

W. D. Bullen B
Special Assignment Engineer - Structures

C.J. Arnold

-

Mechanical Properties of Bridge Steel S8amples Removed from Structure
B02 of 42021, M~-26 over Eagle River, Keweenaw County, Research Project
78 T1-455,

Four steel samples were obtained from structure B02 of 42021, on February 15, 1978, |
for the purpose of determining values of mechanical properties to be used in design
calculations for establishing the load carrying capacity of the structure,

The samples were removed from the two 20! floorbeams as shown on the sketch
which you provided us. To prevent changes in physical properties due to the removal
process, removal was done by sawing with a portable band saw., The samples were
removed from the edge of the flange, The removed portion consisted of a coupon
approximately 1 in. wide by 10 in, long, Because the samples were not of sufficient
cross section to machine round 0, 505 diameter spechnens. standard sheet type
specimens were prepared,

The samples were machined flat, with the maximum possible thickness maintained
after removal of pitted areas. A 2 in. gage length was used,

The specimens were tested for yield and ultimate strength on the 20,000 1b, capacity
MTS electrohydraulic machine, with automatic print-out of the load-strain curve,
Yield strength data are reported at 0, 2 percent strain, Samples ! and 3 exhibited a
yield point "knes" that is somewhat higher than the value at 0, 2 percernt strain, We
are forwarding a copy of the load strain traces for your files. -

Resulta of the tensile test 5 were as follows: (Reported to the nearest 50 psl.)

Yield
Strength, psi Ultimate
Sample No. Yocation of Sample (0, 2 percert offset) Strength, psi  Elongation, %

1 East floorbeam, east 40, 850 _ 60, 850 26
bottom flange near
connection to north
H. girder,

-23-




2 C2 East floorbeam, west 39, 900 . 60,100 30
bottom flange near

connection to south H,

girder,

3 West floorbeam, weat 38, 350 . 62,200 30
bottom flange near
‘connection to soith H., ‘ ) N
girder, o

4 West floorbeam, east 41, 800 62, 150 34
bottom flange near :
convection to north H.
girder,

A sketch of the floorbeam cross section is also being forwarded for your records,
TESTING AND RESEARCH DIVISION

C_ - Quensed

Structural Mechanics Group i ;

CJA:MAC:lve

cc: L. T. Oehler
D.J. Kanellitaas
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OFFICE MEMORANDY i

DATE: June 22, 1978

TO: W D. Builen
Special Assignment Engmeer - Struc*ures
Design Division

FROM:  James D. Culp

-

SUBJECT: Mechamcal Properhes of Bndge Steel Samples Removed 'From Structures
' BO1 of 27041, M-28 over Jackson Creek and BO2 of 17011, M-123 over
7 Tahqucmenon River. Research Project 78 TI-465 473 :

~Samples of steel were removed from representative beams of the subject bridge structures

on May 17 and 19, 1978. The samples were cut from the beams using o portable band saw

'to prevent any change in properties that might be induced by flame cutting. The samples -

were removed from the edge of the flanges in coupons approximately 1 in. wide by 10 in.
long. Standard 0.505 in. diameter specimens were machined for testing. Results of the
tensile tests were as follows: (reported to the nearest 50 psi) '

BO1 of 27041, M-28 over Jackson Creek

Sample . Sample-

Yield Strength (psi) Tensile Elongation, %
Number Location (0.2 percent offset)  Strength {(psi) (2 in. gage)

1 East Abutment ~40,600 - 71,050 ‘ 36

2nd beam from south ;

North flange _
2  East Abviment 42,600 - 64,800 . 4
: 3rd beam from South ' . :

South flange o
3 East Abutment ) 40,600 - 61,150 - 41

4th beam from North :

 North flange o ,

4 East Abutment ' : 40,400 63,800 40

3rd beam from North
South flange

B0O2 of 17011, M-123 over Tahquamenon River

I _North of first pier - 49,750 - 69,650 .39
from the South - '
5th beam from East
East flange

=25
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Sample— Sample Yield VS’rrengfh (psi) Tensile Elongation, %

Number Location (0.2 percent offset)  Strength (psi) (2 in. guge)
2 North of first pier - 47,250 69,500 42

from the South .
3rd beam from East -~ ;?,
. East flange S ‘ ' ' :

3 South of first pier 44,800 . 66,650 - 40
from the North : : _ :
4th beam from East
West flange

4 South of first pier ' 46,450 66,650 - 4]
from the North : : ,
2nd beam from east
West flange

5 North Abutment 43,050 62,850 4
‘ 3rd beam from East ‘ :

West flange

6 North Abutment 43,300 62,400 40
- 5th beam from East :
West flange

In addition to the tensile testing, chemical analyses were run on all the samples to check

their weldability since you are contemplating the attachment of cover plates to the existing
beams. The following table [ists these results using the same somple numbers as referenced
in the fables of tensile data.
, Chemical Analysis, % wt.
" Sample Number C Mn P S - Si
Bridge BOl of 27041 ’ _
1 0.272 0.91 0.032 0.028 0.03
2 0.199 0.83 0.609 0.027 0.03
3 0.210 0.71 0.008 0.028 0.03
4 0.202 0.76 - 0.009 0.028 0.04
g Bridge B02 of 17011 -
1 0.215  0.75 0.006  0.018 0.12
. 2 0.213  0.72 0.008  0.018 0.11
L 3 0.201  0.64 0.012  0.032 0.09
4 0.190 0.75 0.006 0.019 0.09
.5 0.173 - 0.56 0.008  0.026 0.05
6 0.179 0.54 0.008 0.026 0.06
ASTMA=7. - .0 . == . -= 0.0  0.05 -
Specifications max max
| ASTM A-36 0.2 — ~0.04 _ 0.05 --
k3 Specifications max : max max




o
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The sample analysis do conform to chemistry specification of ASTM steel types A-7 and
A-~36. The ranges of carbon and manganese represented indicate good weldability. The
only precaution to stress in welding cover plates fo the flanges on BO1 of 27041 would be .
to exercise "low hydrogen® procedures such as cleaning all the weld area of paini and any
foreign material and welding only with well dried electrodes and field conditions. Hydro-
gen embrittlement is a real threat on field welding of this type and special precoutions are-
well worth the effort to preclude subsequent cracking which can easily occur.

- TESTING AND RESEARCH DIVISION

\ﬁd%f C;JU

/James D. Culp, P.E. v
Transportation Research Engimneer
Structural Mechanics Group
Research Laboratory Section

JDC:cge

cc:” L. T. Qehler
C. J. Arnold =] THIS COPY FOR |<«=
A. J. Marusich
E. Wiedenhoefer
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GFFICE MEMGRANDUM

DATE: September 21, 1979

T0: W. J. MacCreery, Engineer of Design
K. A. Allemeier, Engineer of Testing and Research

FROM: "J_ D. Cu]p

e

SUBJECT: pesign Recommendation for Bolt Splice Repair
of Railroad Bridge X06 of 82123 ;
Research Project 78 Ti1-513 _ ' o 4

The following recommendations pertain to the design and repair of the
nonredundant railroad bridge X06 of 82123 that has defective electroslag
weldments. . Most of these recommendations have already been discussed ;

— at some length with Messrs. S. Ajluni and W. Turner, who have been assig- ‘
ned the responsibility of designing the bolt splices. The recommendations
that follow, represent some special considerations that pertain to the !
defective nature of the electroslag weldments that are being spliced and 5
are based on repairs that have been made on other bridge structures in the ;
United States with similar defective electroslag weldments.

ltem 1:

The following list of 18 butt weldments are either in an area of tension:
stress or stress reversal! and should-be repaired by bolt splicing. The
welds are numbered from the east abutment to the west abutment (1 through
7} and are designated as north girder (1) or south girder {S} and top
flange (T) or bottom flange (B). (e.g. INB if the first butt weld from the
east abutment of the north girder on the bottom flange).

CINE 1SB

2NT : 25T
3NB 358
3INT 35T
LNB : 4SB
LNT kST
GNT 5ST
6NB , 658
7iB 7B

5 This constitutes a total of 18 butt weldnents in the bridge that should be

9 spliced out of the 28 butt weldments in the bridge. OCut of these 18 weld-
ments, 3NB, 7B, 4ST, 6SB and 75Bwere shown to have rejectable Flaws in the
inftial inspection conducted in the fall of 1977 through the spring cf 1978.
Weldment 75B is the one recentiv reinspected to aggess the status of the flaws
that were found in the earlier inspection.

Wl
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Our field inspection of the weldments in the top flanges of both girders
indicate that weldments 25T, 3ST, 4ST and 53T were produced by the submerged
arc process. There is a possibility that the accompanying weldments on the
bottom flange are likewise submerged arc weldments, but this has not been
verified. This would include weldments 25B and 4SB that are on the recom—
mended repair list. 1t is my recommendation that these weldments be spliced
as planned because of the criticallity of their location in this nonredundant
structurs. One of these weldments, 45T, was shown by the previous nondest-
ructive testing to have defects and it would seem prédent at this time to in-
clude the submerged arc weldments in the repafr rather than spend additional

time and money on trying to atless their current flaw status and fracture
toughness. ' '

ltem 2:

After the flange splices have been completed and put back into service, there
is a real possibility that the spliced weldments could still fail. Two
conditions could lead to this failure a®ter splicing. The first condition

-is the possibility that the existing flaw sizes in some of the weldments

could already be at '"eritical size' to cause brittle fracture under the

-applied dead load {which will remain on the weldnents even after splicing)

when cold temperatures are reached in the winter. The second condition Is

that fatigue crack growth is still possible inthe spliced weldments because

of the inability to insure that the splice plates will assume all of the

live load cyclic stress. Any live load stress applied to the weldments would
also increase the chance of brittle fracture. To guard against the possibility
of these failures occurring, the following special precauticns should be taken
to prevent the cracking from spreading beyond the butt weld area.

a) The steel plates used in the splice should have ghou h fracture
toughness to absorb their design loading as impact leading at the
"lowest anticipated service temperature' {LAST) of -200 F. This can
be accomplished by specifying the Charpy V-notch impact requirement
of the steel plate in accordance with the attached Table 1.5.4 and
Figure 1.5.4.1 of the FHWA's recommended "Fracture Control Plan for
New Bridges with Fracture Critical Members," Volume 11, June, 1978.
This will essentially call for a charpy impact requirement of 25 or
30-ft/lbs at -20° F, depending on plate thickness and/or actual
measure yield strength.

b) The steel used for the splice plates should be one of the following
because of the special tcughness requirements. Several options could
be proposed to aid in rapid availebility. (Listed in order of priority
starting with the most desirable steel.)}

i} ASTM A 633, Grade D

ii) ASTM A 633, Grade €
ii1) ASTM A 588, Grades A, B, C, or F
iv}] ASTM A 537, Class 1

v} ASTH A 242

=30-
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Except for the A 2h2 these steels are all available with a 50 ksi yield
‘strength up to 2.5 inch plate thickress. The filler plates required by
the thickness transition should be A 588 steel. No special toughness

requirenents are necessary for them, since they will not carry stress
across the joint.

c} A section of each web immediately above the flange weld should

be removed with a smooth contour to provide a crack arrest mechanism
for either a propagating fatigue crack or a rapid brittle fracture.
This could be accomplished by drilling and reaming 2 1-1/2 inch dia-
meter hole outside of the cross sectional extremities of the flange
weld where it passes beneath the web and then cutting a smooth slot
horizontally in the web to join the holes. The holes could be easily
tocated 1 inch above the flange to web fillet weld {see sketch).

-

MIN. NOT FLAME CL? " sLoT .

IS Dia.
QWEB FILLET WELD O§ d/ﬁ

AT R A A A L Y Y Y A 1

% SN

KFLANGE \ :
' ELECTRO SLAG WELD

The exact location of the holes will have to be determined at each

web location by grinding and etching the flange weldments. This work
could be done by Research Laboratory personnel during the construction
phase. These cope holes and slots will need tc be plugged and sealed

to prevent the entrance of water into the box girder. The web slotting
will have to be completed prior to the installation of the flange splice
i plates.
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d) Mill test reports that are available on X06 of 82123 indicate
that the A 588 Grade B steel inthe bridge has sufficiently high
toughness to withstand the shock of impact loading throuch the splice

- plates should a butt weld failure occur. The mininum existing prop-
erties as shown on these mill reports are listed as follows:

Charpy Impacts
Elongation  at BO°F, ft-Ib

Thickness, Yield Strength Tensile Strength- % (3 specimens
In. ' ~psi : psi 2 in. gage tested)
3-5/8 50,200 70,500 30 L6-45-51
62,800 80,800 25
3 ' 52,700 77,700 27 - 59-14-30
54,560 78,500 26
2-5/8 52,200 . "75,800 28 70-28-113
54,500 77,500 28
S 2-1/L 5k, 700 76,200 28 28-32-38
= - 55,000 75,0600 27
- 1-5/8 60,700 84,200 2y 14-15~18
b | ‘
- 1-1/2 64,400 81,000 19 76-99-24
g 65,100 82,600 20
= 1-1/4 58,000 80,000 22 61-60-90
1-1/8 63,400 . 83,600 26 18-20-31
(flange) ' .
1-1/8 56,800 83, 800 | 25 32-22-15
' {web) . '
ltem 3:
Q The joint splices should be designed to prevent the entrance of water
¢ between the plates and to prevent any subseguent corrosion problems. Con-
sidering this, the exterior splice plate should be one piece {Full flange
width). The interior splice plates could be split into two sections to fac-
ilitate handling inside of the box girders.
-32-
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The filler plates required at the thickness transitions should either bhe
cut and ground to closely conform to the actual transitions or some other

‘method employed to plug and caulk the sloping gap at each end fo the spliced

joint.

ltem 4:

The completed splices should be coated with an inorganic zinc paint and

a brown vinyl! top coat. A detailed painting specification will be supplied
by G. Tink]enberg_as-soon as possible. Basically, the preparation required
following items:

a) All splice and fill plates should be blast-cleaned in the shop
afrer fabrication and coated with a wash primer of 1/2 mil thickness
to prevent rusting. This wash primer will be removed in the field
just prior to bolting the splice.

b) The flange material on the beams shkould be blast-cleaned to a

white -finish before bolting to remove as much salt contamination as
possible from the bare, weathered surfaces. The interior flange sectians
may be blast cleaned or ground to remove a1l mill scale, rust and debris
from the faying surface.

¢) .After all drilling has been completed, the splice plates, fill
plates and flanges should be thoroughly cleaned to remove cutting oil,
sand and debris. All burrs should be removed.

d) After the splices have been installed, they should be cleaned
and painted.in accordance Wlth the palntlng specification to be supplied
by G. Tinklenberd

%

ltem 5:

Incidental to the repair splicing, we strongly recommend that the flange
edges on both girders be marked and ground to remove the sharp notches and
gouges that are present in the tensicn or stress reversal regions. These
notches are prevalent and could easily lead to fatigue crack Initiation sites
in the future. The Scils and Materials Section of the Testing and Research
Division could handle the marklng of these areas and the inspection of the
grinding.

ltem 6:

If permissible by design check, ! weuld like to request that two Z-inch
diameter cores be removed from weldment 7SB by hole sawing through the weld
from the inside of the box girder. The exact location of the cores will be
determined by Research Laboratory personnel using ultrasonic testing prior
to the drilling of bolt heles. The cores will be located near both ends of
the flaw which has been defined inthe weld and will serve to study the
nature of the defect and if fatigue crack growth has occurred in the joint.
The hole cutting may have the beneficial effect of providing a crack arrest
mechenism for the defective area. The cores viould cnly censtitute a red-
uction of about & percent in the nct section through the weld. The results
of this flaw analysis will be extremely valuable in the understanding of
the field problems being experienced with electroslag weldments,
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- Item 7:

-

The cores shall be reroved by the contractor under the direct supervision

-of Research Laboratory personnel.

A corrosion problem on the box girders that needs to be remedied is the
leakage of water into the ends of the box sections through the cope holes

- and plates. These should be plugged and the interior area of the box near

the ends blasted and cleared out to remove the corrosion products now

present. This could be done by highway mainténance perscrnel and should

not be attempted untlil the splicing contract has been completed.
If any questions arise concerning the reasoning behind these recommendations,

feel free to call. 1| have been working closely on this matter with Messrs.

S. Ajluni and W. Turner and will give top priority to anything that | can
do to be of assistance.

TESTING AND RESEARCH DIVISION

™ f
ransportation Research/ fngineer
Structural Mechanics Gygup

JDC:1lve
Attachment .

cc:  A. Vankampen

0. F. Malott
- S, M. Ajluni

W. €. Turner
w. D. Bullen
M. S. VanAuken
G. R. Cudney
P. Milliman
€. J. Arnold”/
G. J. Hill
G. L. Tinklenberg
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TABLE 1.5.4

CHARPY-IMPACT REQUIREMENT (3)
for
FRACTURE CRITICAL, MEMBERS

y1ELD () . )
STRENGTH MINIMUM CVN-IMPACT (ft-1bj (¢} ar Tue ragr(d)
{ksi) : FOR SPECIFIED THICKNESS RANGES {in.)

: : up to 2 over 2 to 2 1/2 over 2 1/2 to 3
from 36 to 60 25 39 35
over &0 to 70 30 35 40
over 70 to B8O - 35 40 45
over 80 to 90 40 45 50
over 90 to 100 a5 (e) (e)
over 100 to 110 50 (e) {e)

- over 110 to 120 55 o {e) : {e)

NOTES: (a) The CVN-impact testing shall be "P" {plate) fregquency
testing; when more than one flange or web is stripped from a larger
plate, only the larger plate need be tested. The Charpy test pieces
shall be coded with respect to heat/plate number and that code shall
be recorded on the mill-test report of the steel supplier with the
test result. e iAo el Sl b Db s
$hanwﬂﬁ—?efoan+ Shio Al P AR TIN5, [~ PN E SO - B T WL I Ifblee
Erashure 8Lt el TS e S e gt sy B e T T S T

W oD W

Chaiaai] I~y A =

3 -shEar-reqﬁ**ementqu—ié;éhe—retest—spee&mvn4 o0 ﬁéét‘thé—éﬁ&etuae; 11 i

appearance, ASTH E2(2testtro=tSreguilred. 12 bt

(b) The vield strength is the value given in the certified MILL TEST 13
REPORT. - 14

-

{c) Average of three (3} tests. If the energy wvalue for more than 15
one of the three test specimens is below the minimum average require- 16
ment, or if the energy value for one of the three specimens is less 17
than 75 percent of the specified minimum average requirement, a 18
retest shall be made and the energy value obtairied from each of the 19
three retest specimens shall equal or exceed the specified minimum 20
average requirement. 21

ot

{d) The lowest anticipated service temperature (the LAST) shall be 22
based on the isoline in Figure 1.5.4.1 nearest the geographical 23
location of the structure. 24

{e} Plate in excess of 2-inch thick shall not be used in FCMs 25
when the yleld strength exceeds 90 ksi. . 26

L
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ISOLINES FOR FIRST-PERCENTILE MINIMUM

TEMPERATURES, the basis for determining
" the lowest anticipated service temperature

(LAST) for fracture critical members

FIGURE 1.5.4.1 -




OFFICE MEMORANDUM

DATE: February 28, 1980

T0: : R. C. Fuhr
Design Supervising Engineer-Bridge
Design Division

FROM: C. J. Arnold

SUBJECT: BO'! of 70014 - US-31 over S. Channel of the Grand River
Research Project 80 Ti-641

Sampling and analysis of steel from the subject structure have been completed at your request.

Samples were removed from stringers U and X near Abutment A of the structure, and also from
'S and W near Abutment B.

The chemistry of the steel is suitable for welding shear connectors. Tensile and impact proper-
ties were as follows:

Sample Stringer Oy - | Ou Red. of Elong. cfh Charpy Impact Value (ft lbs at 40°F;§;

(psi) (psi) Area,%  Break, % 1 2 3 4 Avg.

1. X, at Abut. A 43000 66000 66 41 72 43 59 45 55
2 U, ot Abut. A 41500 62000 69 42 179 112 199 115 151
3 W, atAbut. B 45500 63000 70 44 222 111 239 —— 19
4 S, ot Abut. B. 44000 62500 67 43 199 “164 228 192 196

The above values indicate that the steel meets requirements for ASTM A-36. if you have any
questions concerning methods or results, please give me a call.

TESTING AND RESEARCH DIVISION

C. J. Arnold = Supervisor
Structural Mechanics Group
Research Laboratory Section

CJA:cge

cc: A. Voanmpen
L. T. Qehler




OFFICE MEMORANDUM

DATE: February 13, 1981

TO: C. J. Arnold -
’ Supervisor, Structural Mechanics

FROM: K. S, Bancroft

SUBJECT: $02 of 82191, Woodruff Road over 1-75
Research Project 80 TI1-702

A crack was discovered on the first interior beam from the north on the structure
carrying Woodruff Road over 1-75., This beam and the adjacent beams had been im-
pacted by -a vehicle carrying a high load. A statewide repair crew fixed the
damaged beam by field welding the crack. ‘ :

As requested, samples were taken out of the structure to determine the properties
of the steel. Five beams were sampled from span 5, over the cutside shoulder of
northbound I-75. These samplies were cut from the north bottom flange with a
portable band saw. Locations of the samples are as follows:

#1 - 1st interior beam from the south, north flange.
#2 - 3rd interior beam from the south, north flange.
#3 - Sth interior beam from the south, north flange.
#h - 2nd interior beam from the north, north flange.
#5 - 1st interior beam from the north, north flange.

Sample Number 5 was from the beam that had been repaired. All the beams appeared
to have been hit at one time or another.

These samples were machined into tensile specimens, V-notch Charpy specimens; and
chemical samples. Results from the analysis of these samples were as follows:

Tensile Requirements

ASTM A36
Tensile Strength, pst 58,000 - 80,000
Yield Point, min., psi 36,000

>

Elongation, in 2 in., min. 21

Tensile Analysis

Sample No. #1 #2 #3 #h #5
Tensile Strength, psi. 59,701 58,500 58,500 64,000 57,750
Yield Point, min., psi. 4,542 38,500 38,250 41,750 39,500
Elongation in 2 in., % k3.5 36.5 42,5 §1.5 42.0
Red. of Area, % 68.3 71.0 71.8  69.1 68.2
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C. J. Arnold -2 -

February 13, 1981

Chemical Requirements

ASTM A36
Carbon Max. % 0.26
Manganese, % 0.85 - 1.35
Phosphorus, max. % 0.04
Sulfur, max. 2 0.05
Silicon, %

0.15 - 0.40

Chemical Analysis
Sample No. - # #2 #3 #h #5
Carbon, % 0.16 0.17 0.16 0.22 0.17
Manganese, % 0.57 0.61 0.61 0.58 0.64
Phsophorus, % 0.020.  0.015 0.015 0.010 0.015
Sulfur, % 0.021 0.024 0.02k4 0.011 0.027
Silison, % 0.09 0.09 0.09 0.08 0.10
Charpy Data

Sample No. #1 #2 #3 #h #5
Average ft-1bs

at 40°F 166 222 208 91 168

. The tensile analysis show that most of the

uirements based on ASTM A36 specifications.

was slightly lower than the minimum required.
tensile strength and yield point along with the lowest Charpy value.

samples met the minimum tensile req-

The tensile strength of sample no. 5
Sample no. 4 exhibited the highest

This can

probably be attributed to the higher carbon content present In this specimen.
The chemical analysis also showed that none of the samples met the requirements

for the elements manganese and silicon.

KSB:lve
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TESTING AND RESEARCH DIVISION

Uk 2 Cament

Engineering Technician
Structural Mechanics Grou '




70  R. C. Fuhr
Design Division

FROM: C. J. Arnold —

SUBJECT: Sampling and Chemical Analysis of R01-82052
Research Project 81 Ti-769

As requested, samples have been removed and chemical analysis performed on
the structural beams and bearing plates on RO1 of 82052, These evaluations
were made to determine the weldability of the structural steel used in the
bridge. The analysis showed acceptability for welding.

On August 28, 1981, a request was received from the Design Division to sample
and conduct chemical analysis of the structural steel used in RO1 of 82052,
US-24 (Telegraph Road) over the P.C.R.R. The Department is considering op-
tions for reconstruction of this structure,and the weldability of the struc- -
tural steel is one of the determining factors for reuse of the existing beams.

A sample from each of eleven {11} beams (at the abutments), and four (4) random
samples from the bearing plates were submitted to chemical analysis. The
following Carbon Equivalency formula was used to evaluate weldability:

o

L oMn . INT . %Cr C%Cu CZMo %V
= % + - —_—
C.E.=%0+=% 200 700 T B T To d

In this case, Carbon and Manganese content are the only applicable elements
required to compute the Carbon Equivalency.

The largest computed carbon equivalency for the structural beams was 0.332. ;
One of the four randomly sampled bearing plates contained a carbon equivalency !
of 0.460. The other three bearing plate equivalency values were in the range
between 0.298 and 0.333. _ )

Steels having carbon equivalents of less than 0.40 generally are considered :
to be weldable in the thicknesses involved here. The one bearing plate with : :
the carbon equivalency value of 0.460 appears to be an isolated case. I[f the

welding required on the bearing plates 1s of a non-critical nature, special

considerations may not be required.

The structural beams meet specification chemical requirements of both ASTM

A 7-33T and ASTM A 36-33. Two of the four bearing plates sampled, meet chemical
requirements of ASTM A 36-33, the other two do not meet requirements of A-36 but
will meet chemical requirements of A 7-33T. This is due to a higher carbon
content.

|



R. C. Fuhr -2 - ~ October 22, 1981

The structural steel used in RO1 of 82052, as indicated by all but cne sample
can be considered as being weldable without special precautions such as pre-
heating or post heating. However, the personnel that performed the steel
sampling Indicated that there is considerahle corrosion of the structural
steel. - Welding under these conditions requires additional considerations in
cleaning and preparation in order to obtain suitable welds. Also, welding
personnel and procedures must be qualified. Field welding under such con-
ditions is quite difficult to do well. | suggest that you contact J. D. Culp
in order to obtain specific welding requirements that should be included in
the contract to advise the contractor of the special considerations involved.

TESTING AND RESEARCH BIVISION

a?M

Supervising Engineer
Structural Research Unit
Research laboratory Section

CJA:LJP:ve

cc:

L. J. Pearson

-42-




OFFICE MEMORANDUM

DATE: May 2, 1983

TO: W. D. Bullen

Design Division

FROM: C. J. Arnold -

SUBJECT:  Mechanical Properties of Bridge Steel Somples Removed from Structure
) BOI of 49023, US~2 over Cut River, Mackinac County
Research Project 83 T1-898

¥

Six steel samples were obtained from BO! of 49023, on April 14, 1983, for the purpose
of determining values of mechanical properties to be used in design calculations for es-
tablishing the load carrying capacity of the structure.

The samples were removed from the six 30" floorbeams as shown on the attached plan.
To prevent changes in physical properties due to the removal process, removal was done
by sawing with a portable band saw. The samples were removed from the edge of the
bottom flange. The removed portion consisted of a coupon approximately 1 in., wide
and 14 in. long.

The removed samples were machined to standard 0.505 in, diameter reduced section
specimens and tested for yield and ultimate strength on the 20,000 Ib capacity MTS
electrohydraulic machine with automatic prinf-out of the load-strain curve. Yield

2 strength data are reported at 0.2 percent strain. The samples were submitted for chemi-
cal analysis and four Charpy impact specimens were tested from each beam. Results of
ST the tests are shown on the attached sheet. The samples met the physical and chemical
requirements for A-36 steel.

Per the conversation of 4-22-83, please include in the contract repair by grinding and
painting the areas where the samples were removed.

TESTING AND RESEARCH DIVISION

C. J. Arnold - Supervising Engineer
Structural Research Unit
Research Laboratory Section

" CJA-LIP:cge
; Attachments

cc: L. T. Oehler
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OFFICE MEMORANDUM

DATE: May 11, 1983 :

TO: W. D. Bullen
Design Pivision

FROM: C. J. Arnold

SUBJECT: Steel Sampling, US-31 Bascule Bridge RP 83 TI-910

In response to your request to provide data concerning weldability of the

longitudinal floorbeams in the Bascule Bridge on US-31 in the City of

‘Grand Haven, samples were removed from four beams.

The samples for chemical analysis were removed from the end of the beams,

at the center of the span. The locations are as follows:

Sample No. 1 North Span

2nd longitudinal beam east of west sidewalk at

Bridge Transverse centerline. .
Bottom flange east corner.

Sample Nb. 2 North Span

10th longitudinal beam east of west sidewalk at

Bridge Transverse centerline.

Bottom flange east corner.

Sample No. 3 South Span
2nd longitudinal beam east of west sidewalk at
Bridge Transverse centerline,
Bottom flange west corner.

Sample No. 4 North Span _
2nd longitudinal beam west of east sidewalk at
Bridge Transverse centerline,

" Bottom flange east corner,

The samples were removed using a portable band saw to prevent

damage to the beams and specimens, the results of the chemical analysis

-45-




7.D. Bullen -2- May 11, 1983

e are shown on the attached Laboratory Report.

There are several formulas for computing carbon equivalency; in

order to determine weldability. Computations using these formulas, show

the beams to be a mild carbon steel, which is weldable without pre-heating,

If we can be of further assistance, please contact us.

TESTING AND RESEARCH DIVISION

c .2 (el

C. J. Arnold-Supervising Engineer
Structural Research Unit

CJA:LJP:kls
ce: J. D. Culp

J. Rei i
-file | THIS COPY FOR | -=&
Pl e
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DATE: December 14, 1983

TO: L. T. Oehler
Engineer of Research

FROM:  C. J. Amold

SUBJECT: Research Project 83 TI-945

MEMORANDUM

Attached is a copy of the results of our investigation as reported fo W. J. MacCreery,

Engineer of Design.

CJA:cge
Attachment

cc: M. L. O'Toole
J. W. Reincke i~

'
L. J. Pearson =3 7503 COFY FOR | e
‘M

- The investigation has been completed and we recommend the project be closed.

TESTING AND RESEARCH DIVISION

C. JVAmoEi - SUpervnsmg Englneer
Structural Research Unit
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DATE: December 14, 1983

TO: W. J. MacCreery

Engineer of Design

FROM: ‘ K. A. A”eméiEr

SUBJECT: Sampling and Chemical Analysis of US-10 over BO1 of 43022 (Baldwin

River) and BO1 of 67021 (Johnson Creek)
Research Project 83 T1-945

On September 16, 1983, a request was received from the Design Division to sample and

- determine strength and chemical properties of the structural steel in BO1 of 43022, US-~10

over Baldwin River. Subsequently, we were also asked to evaluate the chemical properties
of the structural steel in BOT of 67021, US-10 over Johnson Creek, for the purpose of
determining weldability. Tensile and Charpy values were also requested for BO1 of 43022,
The Department is considering options for reconstruction of these structures, and the weld-
ability of the structural steel is one of the determining factors for reuse of the existing
beams. Four samples were removed from each of the structures, and were submitted for
chemical analysis, The following carbon equivalency formula was used to evaluate

weldability.

9%Mn + %Si
4 '

For BO! of 43022, the largest computed carbon equivalency was 0,302, with the low being
0.280, Steel in the beam thickness range of this structure having a carbon equivalency of
less than 0.40 is generally considered to be weldable. Thus, the analysis showed accept-
ability for welding and a review of the specifications shows beams meet the chemical speci-~
fication requirements for both ASTM A7-33T and ASTM A36-33.

C.E. =%C +

Tensile specimens were fested to determine the yield and ultimate strengths of the structural
beams. Charpy specimens determined impact properties. Results follow:

Specimen Yield Ultimate Elongation
B-1 41,000 psi 57,800 psi 4%
B~2 42,000 psi 57,000 psi 44
B~3 40,100 psi 56,400 psi 35%
B-4 43,500 psi 58,000 psi 4. -

ASTM SPECIFICATION REQUIREMENTS

A7-337 33,000 psi min, 60,000 - 72,000 psi 24% min,
A36-33 36,000 psi min. 58,000 - 80,000 psi 21% min,

!
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All specimens meet the minimum requirement for yield strength, however, only one speci-
men met the required ultimate strength for ASTM A36-33. Charpy impact tests resulted
in CVN values ranging from 85 fi-1b to 228 ft-lb, of 40°F. These values indicate this
steel to be very ductile or tough. The structural steel used in BO1 of 43022, can be con-
sidered weldable but may require special precautions such as preheating, surface prepara-
tion, and low hydrogen practice. However, the low ultimate strength should be noted.

For BO1 of 67021, the highest and lowest carbon equivalencies for the structural beams
were 0.477 and 0.395, respectively. Once again, steels are considered weldable for
the beam thickness involved if the carbon equivalency is less than 0.40, The high values
obtained from our analysis indicate that this structure is not weldable without special pro-
visions such as extra preheat and post-heating.

The use of stick electrodes should be avoided when field welding cover plates to existing
beams. Numerous stops and starts in an uncontrolled environment may reduce full length

- cover plates from a Category B detail to Category C. The weld termination of cover plates

less than full length is a Category E detail. [ suggest that the Structural Welding Engineer
review the proposed design plans for recommendations as to the specific welding require-
ments or other special considerations that should be included for both structures.

TESTING AND RESEARCH DIVISION

Engineer of Testing and Research
KAA:LJP:cge

cc: M. L. O'Toole
L. T. Qehler
C. J. Arnold
J. W. Reincke
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OFFICE MEMORANDUM

DATE: December 13, 1984

TO: R. C. Fuhr -
Supervising Engineer - Bridge
Design Division

FROM: - C. J. Arnold

SUBJECT: Sampling and Chemical Analysis of RO1 of 58051-15205D.

US-24 over Ann Arbor Railroad
Research Project 83 TI-960

Steel sampling and testing has been completed on the subject structure in response to your
request. Strength and chemical content were determined. The Department has scheduled
the deck for replacement and the painting of the structural steel. Weldability is one of
the factors or inferest in determining whether existing beams should be reused,

Four samples were submitted for chemical analysis. The following carbon equivalency
formula was used to determine weldability.

C.E. = %C +%Mn +9Si
B S

The largest computed carbon equivalency was 0,40, with the lowest being 0.33. Steel in

the beam thickness range of this structure, that has a carbon equivalency of less than 0,40

. ' is generally considered to be weldable, Thus, the analysis shows borderline acceptability

- for welding. A review of the specifications shows the beams meet the chemical spemf'cu-

~ “tion requirements for both ASTM A7-33T and ASTM A-36-33.

.. Tensile specimens were tested to determine the yield and ultimdte strengths of the structum!

beams. Because previous experimentation has shown that the strength of the web and the
flange directly under the web may be up to 10% less than the strength at the edge of the

flange where the samples are removed, a 10% reduction is applied to this type of work,
Results follow:

Description Specimen Yield Ultimate  Elongation
" South End of 4th Beam from East Side A 38,100 psi 57,200 psi 44%
South End of 2nd Beam from East Side B 40,500 psi . 63,400 psi 39%
North End of é6th Beam from East Side C 42,900 psi 63,500 psi 44%
North End of 9th Beam from East Side b 42,400 psi 64,000 psi 41%
4T,000 Avg, 82,000 Avg. 42% Avg.

10% Reduction . 36,900 psi 55,800 psi
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ASTM SPECIFICATION REQUIREMENTS

A7-33T 33,000 psi min. 60,000 - 72,000 psi 25% min,
A36~33 36,000 psi min. 58,000 - 80,000 psi 21% min.

Based upon the 10% reduction in values, one specimen failed to meef the ASTM Specifica-
tion for yield strength of A36, and none of the specimens meet either ASTM requirements
for ultimate strength. This may affect your decisionh to reuse the steel, and since our
sampling was quife meager, we recommend a conservative approach.

Charpy impact specimens were tested at 40°F to determine impact strengths. The resulis

* follow:
- SPECIMEN
A B < B,
103 . 53 40 58
204 27 28 35
55 41 30 .39
e 36, 2 7z
Average 121 T 39 35 . 40

Because the two unusually high values were from the same beam, the results from this beam

were discounted as being non representative, Thus, the remaining twelve specimens averaged
38 fi-lb with the high being 58 fi-lb and the low being 27 ft-Ib.

We investigated the structure for corrosion damage caused by deck leakage and found several
areas of section loss. The worst beam areas were generally within the first four to six feet
from the headwalls. Other isolated areas of corrosion were noticed but could not be reached
with the equipment available. Measurements of section loss were taken in both sound areas
and corroded areas of typical beams using a micrometer and @ D-meter {ultrasonic testing).
Rust and other debris were removed to the extent practical without the aid of grinding or sand-
blasting, We strongly suspect from general appearances and past experience, there may be
areas with deeper pits or more extensive corrosion {osses than those we measured; perhaps up
to twice the losses noted below.

Flange thicknesses in uncorroded areas just adjacent to a measured corroded area were approxi~
mately 0.80"; in corroded sections we found readings in a 0.59" to 0.64" range. Web thick~
nesses in sound areas were 0,56" to 0.58"; we observed corroded web thicknesses in 0.52" to
0.53", The top flanges could not be measured but visual observation showed serious corrosion
to be present in these same areas.
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The outside pier bent bases are correded, especially the rivets and anchor bolts/nuts which
have significant section loss. The cross-members at the outside bents are severely corroded.
When comparing the corrison of this structure with ROT of 58052 (81 TI-769, 10/22/81), the
loss of section due to corrosion on this structure does not appear as great. Barring the dis-
covery of an unusual amount of deterioration on the top flanges when they are exposed, it
appears that the damage to these beams is sufficiently localized to be dealt with at the time
of reconstruction, without as many problems aos were encountered in the previous work.
The Structural Welding Engineer should review the proposed design plans for recommendations:
as to the specific welding requirements or some special considerations, such as preheat and

- low hydrogen practice, that should be included for the repair and rehabilitation of this

-structure.
TESTING AND RESEARCH DIVISION
C. J. Arnold - Supervising Engineer
Structural Research Unit
Research Laboratory Section
CJA:LJP:cge

cc: M. L. O'Toole

L. T. Qehler ‘
J. W, Reincke :-«(-‘IH[S COPY FOR |<=
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OFFICE MEMAORANDUM

DATE: June 5, 1984

TO: F. Russman e
Design Division

FROM: . C. J. Arnold

SUBJECT: Tensile and Chemical Analysis of BO1-51021
Research Project 84 TI-979

As requested, samples have been removed, tests performed and chemical
analysis done on the structural beams of BO1 of 51021.

On February 7, 1984, a request was received from the Design Division

to sample and conduct tensile and charpy tests and chemical analysis of
the structural steel used in BO1 of 51021, US-31 over the Manistee River.
The Department is considering options for reconstruction of this
structure and strength of the structural steel is a determining factor.

Personnel from the Structural Research Unit, removed two (2) specimens

from the west end of the structure to suppiement four (4) samples
previously removed. The six (6) samples met the requirements for yield
stength of A-36 steel, but are slightly low in ultimate strength. A 10%
reduction is applied in this type of work, because previous experimentation
has shown that the strength of the flange directly under the web and of the
web may be up to 10% less than the strengths at the edge of flange where
the samples are removed. Measured strengths were as follows:

Yield, psi Ultimate, psi Elongation
bk, 000 62,000 2%

42,000 59,500 _ - bby

L4, 300 65,700 . L3y

42,000 . 59,500 43

42,500 . 61,860 50.5%
47,7590 65,500 Loz
13,800 Ava. 62,300 Avg. : L72% Avg.
39,400 Reduced 10% 56,100 Reduced 10%

36,000 ASTH A-36 58,000-80,000 ASTH A-36

Spec. Spec, 21%  Min.

The charpy values tested at +40 or ranged from a low of 14 ft. lbs. to a
high of 169 ft. lbs. with an average of 101 Ft. lbs. The chemical composition
met the A-36 requirements. -

We are requesting that a note be added to the contract to stabilize a saw cut
in the second Interior beam from the northeast end of the bridge. Our
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personnel experienced equipment failure and were unable to complete a saw
cut for removal of a specimen. We suggest a hole be drilled at the end of
the cut to prevent further cracking of the flange.

TESTING AND RESEARCH DIVISION

Supervising Engineer
Structural Research Unit

CJA:LJP:kls

cc: L. T. Ochler | THIS COPY Fui
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. SUBJECT: Sampling and Chemical Analysis of S02 of 81041 I-94 over Wiard Rd.

" 1-94 over Wiard Rd. Nine samples were removed from the structure. These

OFFICE MEMORANDUM

DATE: February 6, 1985

TO: R. C. Fubhr =
Design Supervising Engineer

FROM: ~ (. J. Arnold
2 Miles SE of Ypsilanti
Research Project 84 TI-1038

On October 30, 1984, a request was received from the Design Division-to sample
and determine strength and weldability of the structural steel in S02 of 81041,

included the five Tocations specified by Design plus a few extras for hetter
averaging. The locations are as follows: :

Sample No. Location
1 East Bound Rwy. Beam "K" 1" from Abut. A
2 West Bound Rwy. Beam "B" 1' from Abut. C
3 West Bound Rwy. Beam "D" 1' from Abut. D
4 East Bound Rwy. Beam "R" 1" from Abut. B
5 East Bound Rwy._ Beam "Q" 15" west of Pier #2
) East Bound Rwy. Beam "R" 15" west of Pier #2
7 West Bound Rwy. Beam "H" 15" east of Pier #5
8 West Bound Rwy. Beam *C* 15" east of Pier #5
g East Bound Rwy. Beam "L" 15" east of Pier #2

A sample from each location was submitted for chemical aha]ysié. The following

carbon equivalency formula was used to evaluated weldability.

R R
: 7

The highest computed carbon equivalency was 0.45, with the Tow being 0.35.

Five of the beams had a carbon equivalency of 0.40 or greater. Carbon equiv-
alents of 0.40 or greater generally require that special precautions such as
preheating, surface preparation, and low hydrogen practice be followed in order
to obta1n sound welds with adequate physical properties.

Due to the high carbon equivalents in the beams tested, the Structural Welding
Engineer, should be contacted to review the proposed we1d1ng procedures. Two
of the beams have carbon content just above specifications; the rest meet

the chemical requirements for both ASTM A7-33T and ASTM A36-33.




-

R. C. Fuhr . -2- , February 6, 1985

Tensile specimens were tested to determine the yield and ultimate strengths of
the structural beams. Previous experimentation has shown that the strength

of the web, and the flange directly. under the web, may be up to 10% less than
the strength at the edge of the flange where the samples were removed. There-
fore, a 10% reduction is applied to strength values obtained from flange-edge
specimens. Results follow:

TEST RESULTS 10% Reduction
Sample Yield Ultimate Red. of Area ~° Elongation Yield Uttimate
No. PSI PSI % % PSI PSI
1 37,000 61,000 . - 66 41 33,300 54,900
2 40,500 62,000 65 41 - 36,400 55,800
3 38,000 64,500 - 65 40 34,200 58,000
4 39,000 65,000 62 40 35,100 58,500
5 40,000 60,500 68 37 36,000 54,400
6 36,000 61,000 68 41 32,400 54,900
7 38,000 61,000 67 42 34,200 54,900
8 38,500 64,000 . 64 41 34,600 57,600
9 35,000 58,500 - 65 41 31,500 52,600
Avg. 38,000 62,000 65 40 34,000 56,000

ASTM SPECIFICATION REQUIREMENTS

A7-33T 33,000 PSI Min 60,000 - 72,000 PSI  24% Min.
A36-33 36,000 PSI Min 58,000 - 80,000 PSI  21% Min.

Based uponthe 10% reduction in values, two specimens. failed to meet the min-
imum yield strength for A7-33 and seven failed to meet yield strength for A36-
33. A1l specimens failed to meet ultimate strength requirements for A7-33 and
seven specimens did not meet the requirements of A36-33 for ultimate strength.
This may affect your decision to reuse the steel, and since our sampling was
meager, We recommend a conservative approach.

Charpy fmpact tests resulted in CVN Values ranging from 14 ft-1b to 100 ft-1b,
at 40°F. The average value was 43 ft-Tb.

The use of stick electrodes should be avoided when field welding cover plates
to existing beams. Numerous stops and starts in an uncontrolled environment
may reduce full Tength cover plates from a Category B detail to Category C.
The weld termination of cover plates less then full length is a Category E
detail.

Should you decide to reinforce and reuse these beams in the new structures,
please have the welding engineer make specific recommendations for preheat,
process, etc., or other special welding considerations that should be included.
Also, if the beams are to be reused, removal to a fabrication shop for nec-
essary reinforcement is strongly recommended over field welding.

- TESTING AND RESEARCH DIVISION

VAP
Sgﬁ :
CJA:LaP:kat -

- ¢cc: L. T. Oehler C. J. Arnoid, Supervising Engineer

J. D. Culp Structural Research Unit
J. W. Reincke 58 | :
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Reports

Project 75 F-146 Steel Sampling of 76 Structures
Project 75 F-275 Steel Evaluation on Vehicle Damaged
Structure 1-94 Kalamazoo
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STEEL SAMPLING, 76 STRUCTURES

C. J. Arnold

Research Laboratory Section
Testing and Research Division-
Research Project 75 F~146
Research Report No. R-1018

Michigan State Highway Commission:
Peter B. Fletcher, Chairman; Carl V. Pellonpaa,
Vice-Chairman, Hannes Meyers, Jr., Weston E. Vivian
John P,. Woodford, Director :
Lansing, August 1976
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This report covers the results of physical and chemical evaluations of
more than 300 specimens removed from 76 bridges, statewide. The pro-
ject was initiated by a letter to M. N. Clyde from M. Rothstein, dated

~July 21, 1975. Subsequently, a list of bridges was furmshed to the Re-

search Laboratory by the Design Division, .

Samples were removed from the structures by a Testmg and Research
Division field erew during the winter of 1975-76. Removal was done by
sawing, to prevent changes in physical properties due to the removal pro-
cess. Tensile specimens were prepared and tested in the Laboratory, and

chemical analyses were done by the Kawin Co. in Chicago.

‘Most of the specimens were machined fo the standard 0.505-in. dia-
meter tensile bar. In the few cases, where the flange was too thin for the
rournd specimen, flat plate specimens were prepared. A 2-in. gage length
was used forall cases. Physical propertxes from the two fypes of test bar
are c0mparab1e. - — . SRR

The specimens were fested for yield and ultimate strength on the
20, 000-1b capacity MTS electrohydraulic machine, with automatic printout
of the load-strain curve. Since there was a large amount of data, and the
load-sfraincharacteristics varied considerably, all yield strength data are
reported at 0.2 percent strain for the sake of uniformity. Some specimens
exhibiled a definife yield point '"knee' that is somewhat higher thanthe value
at 0.2 percent strain. The load-strain curves have been retained, so if
there are specific sifes where design calculations indicafe critical or bor-
derline values, the traces can be examined again before making a final de-
termination. .- ;

The attached‘rables show the results of the evaluation to date,' and are
submitted foruse in calculating revised load capacities. Tensile and yield

. strengths are provided for all locations requested, with the exception of

one beam on B02 of 23092, M 99 over the Grand River, where yield and
ultimate strength data were lost due to an equipment problem.. Since the
other three specimens were well above minimum requirements, thickness -
is the same, and chemistry is quite similar, we can safely assume that the -

missing y1e1d strength is comparable to the others.

Samples were removed from the outside edves of the flanges, near the
ends of the beams. Therefore, the results of the tests are notf directly
comparable to the usual steel strengths reported by the steel companies,
since their samples are removed from the web, as per the ASTM proce-
dure.

Limited experimentation here in the Laboratory has shown that the
yield strength may vary by as muchas 20 percent with location in the beam,
and is lower inthe central portion of the flange. Since the flange is the

. W ‘ )
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most highly stressed part of the beam, and may have considerably lower
yield strength than that reported by the steel company's tests on the web,
it might be well to consider this factor when making overload calculations
onstructures. While the specimenstested in this experiment were removed
from the edge of the flange and may indicate a higher yield strength than
would be found near the middle of the flange, the results reported are prob-
ably quite comparable to the yield strengths usually reported for new steel.
Since most of the specimens exceeded the minimum specified yield strength
by several thousand psi, Design staff may wish to consider this factor more
closely on those few locations where the indicated yield strengths are mar-
ginal. - L ‘ S -

The scope of this project‘ was ez;:panded slightly from that requested,
to provide some very valuable research information related to the impact

resistance of the steel from the older structures. Beam samples were -

made large enough to allow for four Charpy specimens from each sample.
Machining of the Charpy impact specimens is pot yet complete, so no im-
ract results are included at this time. However, preliminary results on a
few structures show impact values of 50 to 150 ft-1b, which is copsiderably
higher than for much of the steel purchased during the past several years.,
A complete report on the project will be issued when the remaining evalu-
ation is completed. If there are any questions regarding the work done or
the results as presented, please call on the author for further details.




Sample
No.

Location of Sample

Chemical Composition,
: percent

Mechanlcal Properties

C [ Mn { P I s

Yield
Strength,
pat

Ultimate
Strength,
psi

Reduction
of Area,
percent

Elougation,
percent

003 of 27041
M 28 over Presque isle River

1.8 mlles west of Ontonagon

County Ling

1-1-1

1-1-2

1-1-3

-1

East erd near abutment,
south bottom flange, second
beam from north.

East end near abutment,
north bottom flange, third
beam from north.

East erd néé.r abutment,
south bottom flange, third

beam from south,

East end near abutment,
north bottom flange, second
beam from south.

0.12
0.12

0.16

0.14

Q.68

0.68

0,80

0.63

0.013

0.013

0.018

0.014

0.031

0.032

0.035

0.635

42,500
44,500
46,500

. 41,500

59,000
‘60, 250
63, 000

59,000

-T2

683

70

46

40

43

44

1r

102 of 30023
M 69 over Michizgammo River

5.8 miles enat of

. Cr

Crystal Falls |

1-.2-1

1-2-2

1-2-3

1-2-4

West end near zhutment,
south bottom flange, second
beam from north.

Weat end near abitment,

" north bottom flange, third

beam from north,

West end near abt.d:n;ent,
south bottom flangs,. third
beam from scuth,

West end ne:dr ahitment,
north bottom flange, second
beam from south.

0.14

0.75
0.72
0.73

0,75

0,013
0.014
0,015

0,012

0.039

0.041

1Y

0.038

0.037

44,000

42,000

41,700

44,000

61,500
55,600
59,800

61,000

70

72

€9

70

42

42

44

X0 of 52061

M 28 over L3&I Rallroad

1.1-3-1

0.7 miles east of US 41

1-3-2

1-3-3

1-3-4

East span pear abutmenrnt,
south bottom flange, second
beam from noxth.

East span near abwiment,
north bottom, fianga, third
beam from north,

East span near abutment,
south bottom flanga, third
beam from south.

East span near abuiment,
north bottom flange, second
beam from south.

0.2¢

0.26

0.26

0.26

0.67

0,66 .

0.65

0.011
0,010
0.011

0.009

0,026

0.024

0.023

0.028

40,500
44,400
44,300

44,500

és,ooo
69,900
69,200

63,000

63
63

© 63

40
38
40

40

BOI of 55022
US 2, US 41 over Cedar River

0.6 miles enst of Powers

1-4-1

‘Single span near abutment,
gouth bottom flange, second
beam from porth. .

" 'Single span pear ahutment,

1-4-2

north bottom flange, third
beam from north.

Single span near abutmernt,
south bottom fange, third
beam from scuth, :

Single span near abutmeut,
north bottom flange, second
beam from south.

6.15

0.15

0.15

0.76

0.72

0.74

0,017
0.012
. 01-4

0.016

0,630
0.036
0,030

0,035

46,800
44,000

41,800

42,800 |

61,700

62,000

1,200

61,200

67
&7
63

6%

40

as

-65-
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Sample
No.

Location of Sample

Chemical Compogition,
percent

Mechanical ProperHes

c [ Mo | P [ 5

-Yield
Strergth,
psi

Ultlmate
Strength,
psi

Reduction
of Area,
petcent

Elcpzation,
percent

nod of 27041
M 28 avor Prosquoe lele River
1,6 miles west of Outenagon

Counly L.Ing

1-1-1

1-1-2

1-1-3

1-1-

East end near abutmant,
south boitom flawge, second
beam from gorth,

East erd wear ebutmert,
north bottom Haceza, third

 beam From rorth,

East end pear ahutmert,
south bottom flacge, third
beam from south.

East end near abulmert,
north bottom flarze, second
beam from south

0.12

0.1z
0.16

0.14

0.68

0.68

.65

0.013
0.013
0.018

0.014

0.031

6,032

6.035

0.035

42,500

]

44,500

46,3500

41,500

39,000

‘50,250

" 83,000

59,000

- 63 -

70

46
40

43

Y

RO2 af 360210 )
M 49 over Mighipninme Niver

5.8 miles post of

atal pulls

. Cryat

1-2-1

1-2-2

1~-2-3

1-2-4

West erd near abubnert,
south battom flargs, second

" beam from rorth.

West end near abubmart,
north bottom flange, third
beam from porth. '

West erd near abumart,
South bottom flargs, third

beam from souths

West eod cear abwtmsnt,
porth bottom flacre, second
beam from scuth.

¢.14

0.14

- 0.15

0.15

4.75
0.72
0.73

0.75

0.013

0.014

0.012

0.039

0.021

0.015"'0,033

0,037

44,000

42,000

. 41,700

44,000

" 61,500

53, 600-

* 59,800

" 61,000

)

73

L. 8

70

X01 of 62061
M 28 over LS&I Nullroad

0,7 miles anat of Us 41

‘1 1-3-1

1-3-2

1-3-3

1-3—4

East span pear abuwtmert,
gouth bottom Sangs, second
beawm from corth,

East sp2n rear abutment,

. porth bottem flapze, third

beam from rorth.

East s®n near abwtmeact,
south bottora flange, third
beam from south.

East span near abwtmers,
north bottom flacgs, second
beam from south.

.26

0.26

0.26

0.26

0.67

0.66

0.85

0,65

0.011

0.010

0.011

0.009

0,026

0.024

0.023

0.026

40,500

44,400

44,1300

. 44,300

69,000

69,900

69,200

69,000

63

63

6.

40

40

Y

1301 of 65022
' U3 2, U3 41 avor Cedar River

0,0 miflag enst of Pawoers -

1-4-1

1-4-2

1-4-3

144 -

Single span near abutmeat,
south bottom flange, secovd

" beam from porth. )
', Sirgle span pear abutmert,

north bottom flarge, third -
beazm from corth. :

Sirzle gpan pear abutmert,
scuth bottom flangs, third
heam from sguth. -

Single span rear abubmert,
porth bottom flarge, secord
‘_beam from south.

" 0.15

0.15

0.15

0.15

0.75

0.72

0.74

0.72

0.017
0.013
0.014

0.016

0.030
0.036
4.030

0.035

46,800 |
44,000
41,800

42,800

61,700
62,000

81,200

. 61,200

67

67 -, -

. 63

89

40

- 38
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Sample
No.

Location of Sample

Chemical Composition,
percent

Mechanical Properties

cf{m | P | s

Yield
Strength,
psi

Ultimate
Streungth,
pai

Reduetion
of Area,
pPercent

Elongation,
percent

B03 of 86022
M 28 over soulh branch

Ontonagon River
4,7 miles west of US 45

3 .

1~5-1

1-5-2

1-5-3

1-5-4

West gpan near abutment,
south bottom flange, second
beam from north.

West span near abutment,
north bottom flange, third
heam from north.

West span near abutment,
south bottom flange, third
beam from south, -

West span near abutment,
porth bottom flange, second
beam from scuth.

0.13

0.15

0.13

0.13

0.55

0.58

0,011

0,022

0.010

0.011

0,041

0.039

0.046

0,042

40,100

42,500

41,000

41,600

56,400
60, 700
55,700

56, 500

63

62

63

43

44

48

W

Munising

%01 of 02021

M ™4 over Soo Lino Raflread
6.2 milea southwest of

2-1-1

2-1-2

' 2-1-3

2-i-4

South span near abutment,
east bottom flange, second
beam from west.

Scuth span near abutment,
wedt bottom flanga, third
beam from west.

South gpan near abutmert,
east bottom flange, third
beam from ¢ast,

South span near abutment,
west bottom flarge, second
beam from east.

0.16

0.18

‘0.18

0.16

0.59

0.87

0.8

0.016

9.022

6.620

0.034

0,024

0.032

0.040

0.035

42,800

38,800

39,300

37,400

61,700

59,200

60,700

59,100

68
66
68

§7

40

40

-

BOL of 17043
M 48 over Munuscong Rivar
1.6 miles eust of M 129

2-2-1

2-2-2

2-2-3

2-2-4

East erd near abutment,
south bottom flarge, second
beam from north.

East end near abutment,
north bottom flarge, third
beam from porth.

East end near abutment,
south bottom flange, third
beam from south.

East exd near 2bitment,
north bottom flange, second
beam from south.

0,17

0.2¢0

0,17

0.17

0.65

0.65

0,012

0,010

0.010

0.009

0.037

0,032

0. 044

0,040

- 44,700

45,500
43,500

46,500

68

&6

66

" 85

43

43

41

o

BO2 of 21024
U3 2 over Itapid Rlver
0.4 miles enst of U3 41

2-3-1

2-3-2

2-3-3

2-3-4

West span near abufment,
south bottom, flange, second
beam from north.

West gpan near abutment,
north bottom flange, third
beam from north,

West span near abutment, ‘
south bottom flange, third
beam from south.

West span near abubmant,
north bottom flange, second
beam from south.

0.18

0,15

0.16

0.15

0.61

0.62

0.61

0,010

0.009

0,011

0.010

0.022

0.032

0.022

0.025

32,500

33,000
23,000

33,300

§5,000

55,200

70

10

70

72

45
48

46

e




Sample
No.

Locatton of Sample

Chemical Composition,
percelt

Mechanical Properties

c ‘ Mn | p Al s

Yield
Strensth,
psi

Ultimate
Strength,
psi

Reduction
of Area,
percent

Elorngation,
percent

106 of 21024
US 2 over Dull Run Croek

1.3 miles east of

Nahma Junctlon

2-+4-1
2-4-2
2-4-3

2-4-4

West end near abutmert,
south bottom flange, second
beam from porth.

West end near abutmect,
north bottom flange, third
beam from north.

Weat erd near zbhutmert,
South bottom flange, third
beam from south.

West end near abutment,
porth bottom flange, second
beam from south.

6.21 0.069 0,021

0.20 0.62 0,009 0,025

0.20 0.62 0.011 0.022

9:20 0.73 0,009 0.020

40,500
41,300
39,000

41,200

63,000
61,200
60,500

62,800

63
€6
L

67

42

43

42

'

Y

Dos of 21024
U3 2 over Little FFishdam
Rivor 2,0 mlics northeast

of Isabella

2-5~1

2-5-2

‘2-5-3

2-5-4

East end near abwtnent,

south bottom flange, secand
beam from north,

East end near abutmert,
north bottom flange, third
beam from north,

-East erxd near abutmant,

gsouth bettom flarge, thivd
beam from south.

East erd near sbutment,
porth bottom flavge, second
beam from south. :

0.20

0.19 0.62 0.012 0.028

0.20 0.63 0.013 0.022

0.64 0,014 0©.019

0.13  0.62 0.013 0.019

39,000

33,000

38,000

38,500

62,000

62,000

61,500

62, 000

66
63
85

a1

BO2 of 21031
M 35 over Ford Rlvor4,0
miles southwest of Escanaba

2-8-1

2-5-2

2-6-3

2-§-4

West span pear shutmernt,
south bottom flange, second
beam from north.

West span near abutment,
north bottom fAarge, third
beam from north.

West apan near abutment,
south bottom flange, third
beam from south.

West sban near abutmert,
north bottom flange, secord
beam from south,

0.55 0.011 0,038

0.22 0.66 0.028 0.0638

0.18  0.55 0.012 0.033

0.21 0.4 0,028 0.038

36,500

42,000

37,800

-

41,800

59,000

65,500

63,700

87,700

66
65
68

64

40
42

- 3B

Sy

. TO2 of 21051
U3 41 over RHapid River
7.2 miles north of US 2

2-7-1

2-7-2

2-7-3

2-T-4

~ North end near abutment,

east boitom flarge, second
beam from west.

' North end near abutment,

west bottom flange, third -
beam from west.

North end near abutment,
east bottom flange, third
beam from gast.

North end pear abutmexnt,
west bottom flargae, secord
beam from east.

¢.22 0,58 0.013 0.024

0.22 0.57 0.010 0.024

0.22 0.5 0.009 0.022

0.22  0.58 0.010 0.021

37,500
37,500 . .

40,000 -

38,500

" 61,500

82,500

61,600

61,500

- 6%

e
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Mechanical Properties

Chemical Composition, .
Logetion of Sampla pergent Yield Ultimate | Reduction | )
Strength, | Strength, | of Area, °“="3“;"~
c [ Mn I P [ E pei psi percent perce

Sample
No.

Eazst end near abutment, .
2-8-1 south bottom flange, second ¢.19 0.66 0,014 0,021 40,000 62,500 65 41
beam from north.

East end vear abiiment, . . -
2-8-2 north bottom flanga, third 8.18 0.67 0.603 0.020 40, 800 62,200 68 44
. heam from north. : .

East end near abitment, .
2-8-3 south bottom flanga, thind 0,18 0.68 0.011 ©,020 40,000 63, 000 66 40
beam from south,

East end near abutment,
2-8-4 rortk bottom flapge, Second  €.19 0.67 0.012 0,021 43,300 62,700 [:#:] 42
heam from south, )

1B02 of 48042
M 28 over west branch Sage

River 6.5 miles enst of M 123

e

8pan 2 pear pier 2, ) ’ .
%-9-1 south bottom fAange, second 0.23 0.60 0.013 0Q.025 33,500 63, 000 64 40 -
beam from north, ’

Span 2 pear pler 2,
2-9~2 porth bottom flarge, third 0.22 0,65 0.025 0.031 36,300 63,700 62 38
bezm from north.

Span 2 near pler 1, - .
2-8-3  north bottom flange, third 0,23 0.80  0.014 Y%.025 33,800 §3,200 68 K
’ beam from south, ‘

X0l of 49021
US 2 aver Scao Line Rajlrosd

5,0 miles west of M 117

Span 2 near plerl, .
2-8-4  mnorth bottom {large, second, 0.24 0,60 0,015 0.028 35,100 62,500 —63 - 42
beam from south,

-~

|

North end near abutmsext, : B
3-1-1 west bottom flange, second 0.16 9,81 0,018 0.027 37,500 57,000 67 44
beam from east. -

North end near abutmet, .
3-1-2 east bottom, flange, third 0.16 0.66 0.013 0.020 37,000 57,500 69 43
beam from east.

North ebd near abutment, . .
3-1-3 west bottom flangs, third . 016 0.61 G.011 0.032 38, 0o 56,000 10 45
beam from west.

tn Bollaire -

ROl of 05031
M 88 ovor Intermedinte River

North end near abutment, . ’ ’
3-1-4 east bottom flange, second 0,15 0.61 0.008 0.028 37,500 56,000 69 43
heam from west, g .

-

]

North end mear abutment,
3-2-1 east bottom flangs, Second 0.13 0.67 0.013 0,024 40,100 57,400 66 43
- " beam from west, .

g North end near abwhment, : . ’ - .
3-2-2  west botfom flange, third 0.15 9.72  0.010 0.021 42,600 53,900 69 43
beam from west. - . . ' . . i
North end near ahwtmert, ) . . s o
3-2-3  east bottom flangs, third 0.15 0,7t 0.014 0.020 40,000 59,000 71 - 42 E
beam from east,

Dol of 18031
yd 27 BR over south branch

Tobeceo River in Clare

North end near abuwtment,

3-2-4  west bottom flange, second  0.13  0.66 0.010 0.024 39,500 57,500 69 T4 |
beam from east. ] : . . ) i




Sampla
No.

Location of Sample

Chemical Composition,
percent

Mechaunical Properties

]

c |

Ma i P t S

Yield
Strength,
psi

Ultimate
Strength,
psi

Reduction
of Area,
percent

Elougation,
percent

W

1101 of 51021
M 56 ovor Muanistce Ylvor

0,1 miles cust of US 41

3-3-1

3-3-2

3-3-3

3-3-4.

South span near abutment,
east hottom flange, second
heam from west.

South span nedr abitment,
west bottom flange, third
beam frem west.

South span dear abutmert,
east bottom flange, third
beam from east.

South span near zbwiment,
west battom flange, second
beam from east. ’

0.14
6.14
0.17

6.14 -

0.76
0.65
0.82

0.69

0.023

0.010

0,013

0.011

0,024

0.020

G.021

9.019

44,000
42,000

44,300

42,000

62,000
59,500
65,700

59,500

n

75

72

10

43

43

=y

RO of 57022
M B5 over wost branch

Muskogon River 3.4 miles
west of Ruacommon County Line

3-4-1

3-4-2

3-4-3

East emd near abutment,
south bottom flanga, second
beam from north,

East end near abutment,

" porth bottom flange, third

beam from north,

East end near abutment,
south bottom flargze, third
beam from south.

Fast erd pear abutment,
north bottom flange, second
beam from sowth,

G.16

0.186

0.16

0.74

0.76

0.73

0,71

0.013

0,012

0.011

0.012

0.018
0.025
0.020

0.021

38,500 7

36,300

38,100

36,500

59,000
57,200

58,900

59,000

88
70 .
69

€8

43

50

43

Y

Y

BO2 of 5T022

M G5 over Muskopon Rlver
1,8 miles west of Nusgommon

Counly Lina

3-5-2
3-5-3

3-5+4

West span pear abutment,
south bottom farge, second
beam from north,

West span near abutment,
north bottom flange, third
beam from north.

West span rear abutment,
south bottom flarge, third
beam from south.

West span near abutment,’
north bottom flavge, second
beam from south.

0.15
0.14
0.14

0.14

0.69

0.69

0.010

0.012

6,008

. 9.010

g.021
0.024
0.027

0,028

41,800

40,000

45,000

61,200
59,000

61,000

" 59,500

70

‘70 .

2

1103 of 67022
U8 10 over Muskegon River

in Evart

3-6-1
3-6-2
3-6-3

3-6-4

West span near abutment,
south bottom flavge, fourth
beam from north.

‘West span near abutment,
north bettom flange, fifth
beam from wnorth.

East span net#r abutment, '
south bottom flange, fourth
beam from south,

East span near abument,
south bottom flange, fifth
beam from scuth,

0.14

0.13

0.1%

0.583

0.66

0.68

0.70

0,013
0.013
6.013

0.014

0.024

0.024

0.016

0.018

59,200
80,000
§0,000

. 64,000 - .

69 -

no

63

48
43

40

70~




Sampls
No.

Location of Semple

Chemical Composition,
percent

»

Mechanical Properties

c [ yo | P [ s

Yield
Strength,
pat

Ultimate
Strength,
psi

Reduction
of Aren,
percent

Elongation,
percernt

1ol of 04021
M 82 ovor Houth branch

Thuidor Day Rivor 4.7 mlles
east of Montmorpney County Line

4-1-1

4-1-2

4-1~3

4-1-4

West end near abutment,
south bottom flange, second
beam from porth.

West erd near abutmert,
north bottom flange, third
beam from north.

West end mear abutment,
south bottom flange, third
beam from south.

West end rear abutmernt,
north bottom flange, second
beam from south,

0,22 0.75 0.022 0.025

0.22 0.018 0.028

- 0.020 0.027

.22  0.75  0.023 0.027

39,900
40,500

38,700

41,800

65,500
66,000
64,800

66,700

65

62

62

40
40
41

40

Y’
no3 of 1021

M 32 ovor south brangh

Y

Thunder Bay River
7.3 miles west of Alpenn

4-2-1

4-2-2

4-2-3

4-2-4

West etd near abutment,
south bottem flange, Second
beam from porth, .

West end near abutment,
north bottom flarge, third
beam from north.

West erd rear abutmant,
south bottom flarge, third
beam from south,

West end pear ahutmerdt,
north bottom flacge, second
beam from south,

0.23

0.1% 0.021

0.12 0.66 0.014 0.037

0.76 0.014 dho41

0.23  0.70  0.018 0,040

0.036

37,300

39,000

42,000

40,300

57,700

60,000

66,000

63,700

65

45

41

804 of 20016
U8 27 northbound under
Tloteher Rd 2,4 miles NE
of Rozoommoun County Lilue

4-3-1

4-3-2

4-3-3

West span near abulment,
gouth bottom flanze, second
beam from north.

West span near abutment,
north bottom flange, third
beam from rorth.

West span near sbwtmext,
north hottom flange, second
beam, from south,

0.22 0.65 0.005 0.023

0.22 0.63 0.004 ©.025

0.2 0,72 0,003 0.021

41,500

41,000

43,000

84,300
64,000

. 66,000

5]

67

41

42

Y

801 of 06041
I 76 under Greonwood Rd

7.0 milos gouth of

Wost Branch

4=4=1

442

4-4-3

Span 3 cear pler 2,
north bottom flange, second
beam from north.

Span 3 near pler 2,
soutk bottom flange, $hird
beam from north.

Sparn 3 pear pier 2,
worth bottom flange, Second
beam from south,

0.20 0,003 0,019

0.19 0.005 0,018

0.18 0.70 0.005 0.018

44,300

44,500

42,500

63,200
64,000

63,000

0

69

70

39

42

Sy




Sample
No.,

Location of Sample

Chemlcal Compodition
percent

Mechanical Properties

—

Wl [

Yield
Strength,
pai

Ultimate
Strength,
psi

Reduction
of Area,
percent

Elongation,
percent

Y

S0t of G9014
176 undor Parmator Nd
3.0 miley vorth of M 32

4-5-1

1-53-2

4-3-4

West span near abutment,
south bottom flange, second
beam from north.

West span near abutment,
north bottom flange, third
beam from north.

West span rear abutment,
soutk bottom flarge, third
beam from south.’

West span near abutment,
notth bottom flange, second
beam from south,

0.17

0.21

0.18

0.65
0.54
0.583

0.66

0,006

0.005

0,005

0.007

0.026

g.020

0.020

0.028

39,700
40,000
38,000

39,500

62,300
63,500
“§2, 000

62,000

68

- 87

66

41

41

1301 of 15032

- US 27 over Looking Glass River .

6.3 miles north of
Ingham County Lino

5-1-1

§-1-2

5-1-3 -

5-1-4

North end bear abutment,
weat bottom flangs, third
beam from eaat,

North end near abumeant,
east bottom flange, fourth

. beam from east.

North enﬁ near abufment,
west hottom flangs, fourth
beam from west, -

North end near abutmert,
east bottom flarga, third

- beam from west.

0.18

0,17

0.17

0.17

0.56

0.58

0.58

0.56

0,005

0,011

0.007

0.005

0.025

0.028

- s

0,022

0.026

44,200

43,500

. 43,000

40,500

60,800

60,500

60,500

" 60,500

)
88
68

.'.70

38

42

g

T

1304 of 34062
M 21 ovor Stonoy Creck
1.5 mfles eust of Muir

5-2-1
3-2-2
5-2-3

5=2-4

Wesdt end near abutment,
south bottom flavge, second
beam from porth.

Wast gnd pear abubment,
north bottom flange, third
beam from north.

West end near abutment,
saith bottom flange, third
beam from south.

West end near abutment,

north bottom flarvge, second

beam from south,

0.18

0.20

0.18

0.17

0.66

0.63

0.012
0.009
0.008

0.007

0.03%

0.042

0.034

0.033

39,800

40,000

37,500

41,500

58,200
61,500
59,000

58,500

65

" 65

6

67

45 |
42
42

ez

BO0J of 34062
M 21 ovor Maplo River
1,0 miles enst of Muir

§5-3-1

5-3-2

§~3-3

5-3-4

West el near abutment,
sauth bottom flange, second
beam from north.

West end pear ahutmant,
north bottom flange, third
beam frot porth. :

West end rear abuimecdt,
south bottom fAavee, third
beam from south,

West end near abutment,
porth bottom flarge, second
beam from south.

0.21
0.22
0.23

0.19

0.71

¢.73

0.83

0.013
0,038
0,035

0.022

0,045
0.050
0.050

0,044

41,400

40,800

43, 006

40,800

61,800

" 58,700
67,000

62,200 - ’

Cea

83

€5 -

38

a1

-7 2-

a




o

Sample
No.

Location of Sample

Chemical Composition,
perqerct

Mechaniczl Propertias

c l Mo l P ] 8

Yield
Strength,
pat

Ultimate
Strength,
pst

Reduction
of Area,
percent

Elorgation,
patcent

BO1 of 340062
M 21 ovor I'relrfo Crook

2.0 milea onst of M GG

5-4-1

5-4-2

5—4-4

West end near abutment,
south bottom flange, second
beam from north.

West erd near abutmert,
north bottom flarge, third
beam from north.

East end near abutment,
gsouth bottom flanga, third
beam from south.

East erd near abutment,
north bottom flanze, second
beam from south.

0.21

0.20

0.20

0.7
0.63
0.70

0.65

0.010

0.008

0.011

0.007

0.030

0.026

G.023

0,027

40,000
42,500

41,000

42,000

62, 000

3,000

63, 000

62,500

70
66
66

&6

44
43

42

X01 of 41061
M 11 ovor CLO Hullroad and

M 21 DR in Gramlville

5-6-1
5-5~2

5-5-3

Sran 3 near pler 3,
south bottom flarge, second
beam from porth,

Span 3 near pier 3,
north bottom flangs, third
beam from corth,

" Span 3 near pier 3,

gouth bottom flarge, third
beam from scuth.

Span 3 vedar pler 3,
north bottom flargae, econd
beam from south.

0.24

0.25

0.17 -

0.18

0.60
0.60

0.55

0.014
0.016
0.013

0.017

0.023

0.029

d.018

0.015

41,500

40,500

41,500

42,000

69,600

69,000

69, 500

§1,500

50

59

99

38 -

39

h i

BO2 of 62031
M 37 over Whito Iiver
0,8 miley south of White Cloud

5-6-1
§-6-2
5-6-3

564

North end pear abuwtment,
east bottom flanga, seccond
heam from west.

North end near abutment,
west bottom flapge, third
beam from west.

North end near abutment,
east hottom flarge, third
beam from east,

North end near abutmert,
west bottom flangs, second
beam from east. B

0.17

.17

0.17

0.62

0. 64

.63

0.63

0.030

0,033

6.032

0.031

0.042

0.046

G.046

0,046

6,000

36,200

37,500

34,000

57,500
59,500
59,000

57,000

" 81

[:1:]

68

68

4¢

44

41

"

1303 of 70041
M 46 ovoer Sand Crook
2,7 milos west of Kont

County Line

5-7-1

5-1-2

5-7-3

5—71-4

West end near abutrnent,
north bottom flange, second

“beam from north.

West end near abutment,
gouth botiom flange, third
beam from north,

West end near abutmernd, -~
north bottom flange, third
beam from south.

West end near abutment,
scuth bottom flange, second
beam from south.

0.14

0.17

0.14

0.13

8.61

0.79

0.62

0.62

0.018
¢.012

0.011

0.037
0.050
0.044

0.035

36,500
48,300
39,000

40,500

55,500

66,700

57,500

55,500

72

69

" 70

72

48

37

45

ey




Sample
No.

Location of Sample

Chemieal Composition,
percent

Mechanical Properties

c Jm | » | s

Yield
Strergth,
psi

Ultimata
Strength,
pat

Reduction
of Area,
percent

Elongation,
percent

801 of T00G4
T 90 uidor old U8 10

2.0 miles southonst of
Muskegon County Lina

5-8-1

5-8-2

5-8-3

5-8-4

Span 2 near plerl,
south bottom flarza, second
beam from north, .

Span 2 near pierl,
north bottom{tji;l:_ge. third
beam from oorth.

Span 2 pear pier 1,
south bottom flargs, third
beam from south,

Span 2 pear pier 1,
north bottom flarge, second
beam from south.

0.26 0.47 0.014 0.029

0.26 0.48 0.010 0.024

0.26 0.468 0,012

0.28 9.486 0.013 0,025

47,800

37,900

38,400

46,400

68,500
66,200
65,800

66,800

56

238
32
26

35

g

1101 of 00OT2
113 23 ovoer north branch

Plos River 1, 8 milos

northenst of Stendish

6=1-1
6-1-2
6-1-3

6~1-4

Single span mear abwmert,

south bottom flangs, decond
beam from north,

8ingla span near abutinent,

- porth bottom flarza, third

beam from north.

Sirgle 3pan near abutment,
gouth bottom flange, third-
beam from south,

Single span pear abutment,
north bottom flange, second
beam from south.

0.22 0.55 0.009 0.041

0.22 0.57 ©€.01Z 0.039

0.20 G.010 0,038

0.21 0.012 0.040

35,300

35,500

34,500

40,500

§0,500
60,000
58,000

0, 060

61

65

.40

DS

Dot of 09011

M 84 over Duteh Creck
5.7 mllod goulhiwost of

Pay Cliy 1,0,

§-2-1

6-2-2

623

South end pear abutment,,
edst bottom flange, second
beam from west,

South end near abument,
west boitom flacge, third
beam {rom west,

South end near abitment,
east bottom flarge, third
beam from east.

South end near abutment, -
west bottom flarge, Secord
beam frorm east.

0.13 0.016" 0.045

0.16 0.83 0,016 0.044

0,56 0,010 0.041

0.17 0.85 0.016 0.045

46,500

43,800

49,500

45,300

64,000
63,200
64,000

64,200

69

(1]

69

41

40

74




E:
i
A

Sampla
No.

Location of Sample

Chemiecal Compogition,
percent

Mechanical Properties

c |

M:\IPIS

Yield
Strength,
pai

Ultimate
Strength,
pei

Reduction
of Area,
percent

Elongation,
percent

BO2 of 02032
M 84, M 13 ovor wost obannel

Suginaw Rivor In luy City

§-3-1C
§-3-2C
6-3-3C
§-3—4C
§-3-1F
§~3-2F
6-3-3%

6-3-4F

Span2 near pier 1,
north bottom cover plate,
gsecond girder from north.

Span 2 near pler 1, ”
north bottom cover plate,
third girder from north,

Span 2 near pler l,
north bottom. cover plate,
third girder from south.

Span 2 near plerl,
north bottom cover plata,
second girder from south. -

Span 2 10 £ from pler1l,
north bottom flange, second
girder from north.

Span 2 10 ft from pier 1,
north bottom flange, thirvd
girder from north.

" Span 2 14 it from pier1,

porth bottom flacge, third
girder from south.

Span 2 iO ft from pfer 1,
north bottom flarge, second
girder from scuth.

0.24

0.24

8.24

0.24

0.24

0.23

0.25

¢.23

0.53

0.52

0.53

0,53

0.57

0.58

0.57

" 0.59

0.008

0,007

0,008

0.007

0.026

0.026

0,026

6.026

0.030
0.028
0. 0l29
0.030
0.}037
0.034

04039

-0.038

40,300
’ 42,100
40,500
41,000
40,100
39,000
39,400

39,700

65,500

64, 800

64,500

64, 800

64,400

€3,700 -

§4,800.

64,000

55

59

80

27

58

59

$8.

a7

37

a8

36

40

a8

41

a7

Y

Bol of 09033
M 13 over Knwhawlin River

in Kowkiwlln

5-4-1

5-4-2

6—4-3

Span 2 near north abutment,
east bottom flarge, second
beam from west,

Span 2 near north abutment,
west bottom flange, third
beam from weat.

Span 2 near north abutment,
east bottom flange, third

beam from east.

Span 2 near north abutmert,
west bottom flange, Second
beam from east.

0.17

0.17

0.15

0.62

0.56

0,55

0.014

¢.011

0,014

0,015

0.030
0.034
0,034

0.032

39,500
41,300
43,500

42,000

61,500
60, 700
61,500

60,000

65
67
€6

87

28

Y

BO1 of 25011
M 13 over Miatogquuy Crock

2,3 miles north of M 21

6-5-1
&~5~2
B8-5-3

6-5-4

Sirgle span pear abutmers,
east bottom flange, second

‘beam from west.

Single span near abutment,
west bottom flange, third
beam from west,

Single span pear tbutment,
east bottom flanga, third
beam from east.

Single span near abuiment,
west bottom flavge, Second
heam from east,

0.19

0.23

0.22

0.22

0.70
0.76
0.71

0.74

0.026

0.014

0.011

0.011

0.031

0.025

0.024

0.028

37,500
41,500
40,500

42,000

61,000

64,000
64,000

64,500

66
- 68

65

39
41’

41

~75-

.
*
1




Sample
No.

Location of Sampla

Chemical Composition,
percent

Mechanical Properties

o |

Mn

P

Yleld
Strength,
pat

Ultimate
Strength,
psl

Reduction
of Area,
percent

Elongatlon,
percent

e

802 of 26041
US 23 under Lahring Itd

1,0 mlies vorth of Fonton

6-6-1

6-6-2

6-6-3

6-6-4

West span near ahytment,
scuth bottom flange, second
beam from north, -

West span near abutment,
north bottom flange, third
beam from north,

West span rear abutment,
south bottom flange, third
beam from south,

West span near ahutment,
north bottom flange, second
beam from south.

0.29

.20

0.21

0.57

0.67

Q.64

0.63

0.020

0.016

0.014

0,014

0.025

0.027

42,000

43,500

66,000

65, 000

. 656,000

66,500

65

85

66

" 88

40

42

104 of 14051
M 13 ovar Flint Rlver

7.2 milos-south of M 44 ‘

6=7-1

6~7-2

6§~7~3

874

Scuth span near abutment,
east boitom flange, second
beam from west.

South span near abwimert,
west bottom flanga, third
beam from west.

South span near abutment,
east bottom flange, third
beam from east.

South span near abutment,
west bottom flarge, second
beam from east.

0.22

0.

8

.21

0.58

0.57

0.56

0.57

0.014

0.014

0.016

0.013

0.025

0.024

0,020

0.024

38,300

37,500

40,000

40,500

61,700

62,000

61,500

62,500

656

86

87

- 65

43

40

106 of 73051

7.1 miles south of M 40

§-8-1

6§-8~2

§-5-3

684

Span 2 near pier 1,
east bottom fiarga, second
beam from west.

8pan 2 near pler 1,
west bottom flange, third
beam from west,

Span 2 near pler 1,
eaat bottom flange, third
beam from east.

Span 2 neay pier 1,
west bottom flarge, second
beam from east.

0.23

0.22

9.23

0.23

0.36

Q.55

.55

0.014

0.011

0.013

0,016

0.029

0.026

0.022

0.033

239,100
42,000
40,500

40,600

63,900

64,000

64,500

64,900

63
&0

63

40
39

40

502 of 70111
[76, US 10, US 23 under Kirg id { M 13 over lrch Run outlot droin

2,0 miles southonst of M 40

" . Span 2 pear pier 1,

§-6-1

6-9-2

§~5-3

south bottom flange, second
beam from porth.

Span 2 near pisrl,
south bottom flarge, third
beam from north.

Span 2 near plerl, -
scuth bottom flarge, third
beam from south.

. Bpan 2 pear pier i,

south bottom flange, second
beam from south,

0.21

0.21

¢.22

0,21

0.68

.62

0.60

Q.57

0.008

0,008

0.008

Q.008

0.023
0.020
0.022

0,022

59,700

43,100

42,000

43,000

73,100

64,400
64,000

§3,500

63

© 8T o

]

S

42

42

..76..




Sample
No.

Location of Sample

Chentical Composition,
percént

Mecbanical Propertiea

CanIP_lS

Yield
Strength,
pel

Ultimate
Strength,
psi

Reduction
of Area,
percent

Elocgation,
percent

Y

803 of 73111
- 176, U8 10, US 23 undor Meas R

0.8 miles south of M 48

6~30-1

6-10-2

6-10-3

6-10-4

Span 2 near plerl,
sauth bottom flange, Second
beam from north.

Span 2 near pler 1,
north bottom flarge, third
beam from north,

Span 2 near pier 1,
south bottom flange, third
beam from south,

Span 2 near pler 1,
north bottom fianse, second
beam from Sotith.

6.1%3  0.67 0.016 0.625

0.69  0.015 0.027

0.20 0.69 0.015 0,026

0.19  ©0.68 0.013 0.026

46,300

41,000

43,000

40,200

63,200
63,500
63,000

62,300

66

68

66

66

41
42
42

44

Y

D03 of 73101
M 83 over Choybuygsuing Crock

0,1 miles south.of M 15

6-11-1

6~11-2

§-11-3

6-11-4

South epd pear abutment,
east hottom flange, second
beam from west.

South end pear abutment,
west bottom flanga, third

‘beam from wedt.

South eyl near abuﬁnent,
east bottom flange, third
beam, from east,

South end near abuiment,
wast bottorm flange, second
beam from east.

0.18

0.18 0.88 0.014 0.020

0.70  0.016 0.013

11

0.19 0.69 0,010 0.022

0.68 0,013 0.020

48,700

48,500

52,000

. ‘\ -
48,800

64,300

65,500

65,500

§4,200

€6
63

63

40

41

508 of 70023
169 wuler Durant Rd
0.8 miles northeast of M 71

§-12-1
§-12-2
8-12-3

6-12~4

Span 2 pear south expansjon
hinga, east boitom flarge,
gsecond beam from west.

Span 2 near south expansion
hinze, east bottom flange,
third beam from west,

Span 2 near south expansion

hinge, east beitom flange,
third beam from east,

Span 2 pear scuth expansion
hinge, east bottom flange, .
second beam from east,

0.28  0.87 0.010 0.023

0.27  0.75  0.009 0.022

.28 0.008  0.025

0.28  0.57 0.008 0.027

37,800

41,000

42,000

40,500

67,700
68,500
" 67,000

67,500

61
63
62

62

40

39

41

40

"

002 of 76041
M 71 over Shinwasspee Ntiver
2.3 miles northwest of I 69

6-13-1
6-13-2
6-13-3

§-13-4

East span near abutment,
south bottom flange, second
beam from porth. .

East 3pan near abutment,
north bottom flange, third
beam from north.

East span near ahutment, .
south bottom flange, third
beam from south,

East span near abutment,
north bottom flargs, second
beam from south.

0.22  0.66 0,008 0,020

0.26 1,10 0.014 0.020

6.20 0.7 0,036 0.017

0.25 0.018 0.013

40,000
44,000
41,500

48, 800

62,500

. 75,500
66,000

74,400

67
68

66

e

35
40

49

~77-

ey

Ly

B3




T

Sampla
No.

Location of Sample

Chemical Compogitlon,

Mechaatcal Properties

percent
c |

Mn'P[S

Yield
Streuvgth,
psi

Ultimats
Strength,
pst

Reduction
of Area,
percent

Elongation,
perceat

Y~

1oL of 60032
M 84, M 11} ovor cust channed

Baginaw River In Bay Clty

6-14-1

6-14-2
6-14-3
6~14~4

6-14-3

6-14-6

Third floor beam north end,
sast flange. )

West end of east span,

south flange, second beam -

from north.

East epd of east span,
vorth flange, second beam
from vorth.

Fast end of east span,
north flange, Second beam
from scuth,

West end of enst span,
south flange, second beam
from south,

Third floor beam south end,
west flange.

0.15 0.80° 0,010 0.015

0,22 0.50 0.014 9,018

0.2¢ 0,50 0.016 0.017

.22 0.49 0.013 0.018

0.1% 0,50 0.013 0.017

0.38 0.58 0,016

0.016

45,500

38,500

31,800

25,600

7,500

41,200

60,500

80, 500
62,200
61,900

60,000

§9,400

63

61

62

€5

70

T 43

38

.49

33

802 of 04034
1188, US 31 undor 130th Ave

in Douglay

7-1-1

7-1-2,

1 7-1-3

7-14

West end near abutment,
south bottom flange, second
beam from north, .

West end near abutmert,
notth bottom flanges, third
beam from porth.

West erd near abutment,
south bottom flanga, third
beam from south.

West erd near abutment,
north bottom, flange, second
beam from south.

0.22 0,61 0.010 0.024

0.22 0.60 9,013 0.022

0,24 0.012 0.025

%.24  0.63 06.013 0.020

40,000

42,500

42,000

41,500

65,500

65,500

65,500

65,500

40

40

jr

8508 of 11016
1 94 undor Krugor Rd
1.1 miles south of Unjon Pler

T-2-1
T-2-2
7-2-3

7-2—4

East end near abutment,
south bottom flange, Second
beam from north.

East end near abutment,
vorth béttom flange, third
beam from north.

East end vear abutment,
south bottom flange, third
beam from south.

E2st end pear abubment,
north bottom flange, Second

. beam from south,

0.22

0.28 4,70 0.015 0,027

0,66 0,013 0.028

0.23 0.66 0.016 0.022

¢.22 0.87 0.015 0.024

48,000
41,300
40,000

40,800

72,000

64,700

65,000

65,200

6L,
65

‘65

38

41

© 41




Sample
No.

Locttion of Sample

Chemical Composition,
percert

Mechanical Properties

c i Mn [ P I 8

Yield
Strenath,
pai

Ultimate
Strength,
psi

Reduction
of Area,
percent

Elong"atibn','
percent

505 of 11015
1 94 under Lakesldo Rd
1.3 milos sonth of Lakeslde

Y

7-3-1

T-3-2

7-3—4

South end near abutment,
west boitom flange, second
beam from east.

8South end near abutment,
east bottom flange, third
beam from east.

South eod near abutment,

west bottom flasge, third
beam from west.

Bouth end near abutment,
east hottom flange, secord
beam from west.

0,22 0.68 0.020 0.027

0.22 0,61 0.004 0,020

0.22 0,68 0.004 0,021

0.22 0¢.63 0.003 0.017

42,800
42,000
41,500

41,500

8,300
65,500
66,800

§5,500

64

65

65

63

36
41
41

41

800 of 11015
I 94 undor Warren Woods Td
1.0 mlles southenst of Lukesalde

7-4-1

Tedo2

T-d=3

T4-4

East end near abutment,
south bottom flarge, Second
beam from north.

East and near abutment,
north bottom flange, third
beam from porth.

East end near abutment,
south bottom flange, third
beam from south.

East end near abuwiment,
north battom flange, second
beam from south.

0.24 0.64 0.003

.22  9.84 0.009 0,027

.26 0,685 0.008 0Q.023

0.24  0.63 0.003 0.024

0,023

41,000

42,000

42,500

39,500

66,000
6§86, 000
- 66,500

64,500

63

€3

40

49

. 41

805 of 11111
T 196 under Riverside Rd
0.5 miles north of Riveraide

7-5-1

7-5-2

7-5-3

T-5-4

West end near abutmaszt,
south bottom flange, second
beam from north.

West end near abutment,
porth bottom flange, third
beam from north.

West end near abutment,
south bottom, fiange, third
beam from south.

West end near abutment,
north bottom flange, second
heam from south.

0.21 0.66

0.26 0.68 0.003 0.021

0.003 0.021

0.27 @.66 0.003 ¢.026

6.26 0.67 0,003 0,023

42,100

42,000

39,000

40,000

69,000
63, 000
67, 000

68,000

63
&6
61

62

36

42

36

35

wr

B2 of 03023
M B9 over Schnable Rlver
4.8 mlles northweat of Otscgo

T-6-3

T-6-2

T-6-3

T-6—4

East end near abutment,

south bottom flange, second
beam from north.

East end psar abutment,
north bettom flange, third
beam from north,

East end near abutment,
south bottom flarge, third
beam from south.

East end paar abutment, ’
north bottom flange, second
beam from south,

0.13  0.53  0.003

06,13 06.52 0,003

8.13. 0.68 0.003 0.032

.13  0.50 0,008

0.031

41,500

44,000

© 44,500

40,000

57,500

58,000

60,000

58,500

§9

n

45

46

79 |

3
.
H
¥
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Sample
No.

Location of Sample

Chemical Compasition,
percent

Mechanical Properties

CIMEIP|S

Yield
Strength,
psi

Ultimate
Strength,
pai

Reduction
of Area,
percent

Elongation,
percent

B0Y of 03072

M 40 ovor south Branch Cruuk
4.0 mlles goutheast of Ottuwn

County Lilne

7-7-1

T-1-2

T-7-3

7-7-4

East end near abutmert,

-north bottom flanga, second

beam from south.

East end near abubment,
south bottom flacga, third
heam from south.

East end near abutment,
porth bottom flavge, third
beam from north.

East end near abutment,
south bottom flange, second
beam from north.

0.20

0.13

0.21

0.19

0.49

0.46

0.53

0.48

0.005

0.002

0.003

0.032

0.030

0.035

0.035

38,500

35,000

40,000

36,000

59,000

59,000 -

60,500

-

58,000

66

&7

42

w -

40

43

Y .

104 of 03072

M 40 over worth Dreanoh Crook
2.4 miles southoust of Ottawn

County Ling

T-8-1
7-8-=2
7-8-3

7-8-4

East eod near abutment,
south bottom flatge, second
beam from north,

.East end nesr abument,

.. borth bottom farge, third

beam from north.

East end pear 2hutmant,
scuth bottom flange, third
beam from south.

East exd near abutment,
north bottom flavge, Second
beam from scuth,

0.20

0.19

0.13%

0.58

0.46

0.47

0.46

0.002

0.005

0.005

0.002

'0.087
0.036
(%9

0.028

6.033

40,000
35,500
36,500

35,500

59,500

§9,500

59,500

58,000

66

39
38

42

Y

811 of 11418
I 84 undor Browntown Iid
2.0 milos south of Bridgman

T-9-1
7-8-2
7-9-3

T-9-4

West span msar pier 2,
south bottom flazge, Second
beam from north,

West span ngar pler 2,
north bottom flange, third
beam from north.

West span near pler 2,
south bottom, flange, third
beam from south.

West sbau near plar 2,

. porth bottom flacge, Secood

beam from scuth,

0.23

0.24

0.23

0.24

0.73

0. 80

0.81

0.80

0.018
0,013
0.013

0,015

0,023
0,025
0.024

0.022

42,500

42,300

42,000 -

42,500

63,500
70,300

88,700

68,000

65

83

40

40

Dol of 13631
M 06 over Nottiwnssoppe River

in Athena

7-1¢0-1

7-10-2

7-10-3

T-104

‘North exd near abuimnart,

east bottom flange, second
beam from west,

Worth end near ahutment,
west bottem flange, third
beam from west.

North end rear abutment,
east bottom farga, third
beam from east,

North ebd rear abitmernt,
west boitom flacge, second
beam from east.

0.20

0.21

0.22

0.63

.71

.69

0.71

0,028
¢.022
0.017

0.022

0.054

0.032

0.032

0.030

40,000 - -

39,100 © .

38,300

40,800

ez'.lf' :

" 68

85

65

40

T 42

-80~

s

.
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Sampla
No.

Location of Sample

Chemical Compogition,
percent

Mechanical Properties

c |

Yield
Strength,
pat

Ultimate
Strength,
psi

Reduction
of Area,
parcent

Elongation,
parcent

Y

S04 of 13071
I 69 undor "N" Drive north

4.8 mitles north of 194

7-11-1

7-11-2

7-11-3

Span 3 near pler 2,
gouth bottom flarge, second
beam from north.

Span 3 pear pier 2,
torth bottom flange, third
beam from north,

Span 3 near pler 2,
vorth bottom flange, second
beam from south,

0.18

0.18

0.18

MnIP[S‘

g.82

0.34

0.82

0.008

0,007

0.008

0.022

0.622

9.9022

38,000

37,300

36,000

62, 000

81,700

61,000

68

67

69

43
40

42

Y

‘BOL of 13042
M 99 over Kulamnzoo River

~ south lmits of Albion

7-12-1

7-12-2

7-12-3

7-12-4

North end near abutment,
west bettom flange, second
beam from east.

North end pear abutment,
east bottom flacge, third
beam from east.

North erd near abutment,

. west bottom flange, third

beam from west. -

Nerth end near abutment,
east bottom flanze, Second
beam from wesat.

0.24

¢ 0.23

0.24

0.24

0.60
0.59
0.59

0.58

0,028 "

0.025

0.024

0.031

0.027

0.024

0.024

[13

0.024

41,500

41,700

29,500

18, 360

67,500
69,300
68, 000

68,200

63

61

62

60

39

39

38

49

Y

D05 of 78042
M 00 und M 66 over Notluwn Crook|.

1.2 miou enat of junctlon M G0

7-13-1

T-13-2

7-13-3

T-13-4

West end near abutmert,
south bottorz flange, second
beam from north,

Wast end nea.r'abutm-ent,
north bottom flange, third
beam from rorth.

West erd noar abidmexnt,
south bottom flange, third
heam from south.

West end near abutmert,
north bottom flacge, seqond
beam from south.

0.18

0.17

0.24

0.57
0.63

0,65

0,008
0,011
0.007

0.009

0.033
0.027
0.027

0.024

36,000

35,000

36,300

38,300

59, 000

57,500

57,800

61,800

85

63

€8

63

46

36

Dol of 74052
M 60 ovar l'rilrle River

3.1 miles soull: of
gouth junctlon M 86

7-14-1

T-14-2

7-14~3

7-14-4

South end near abutment,

east bottom flarnge, second

beam from west.

South erd naar abutmert,
west bottom flarge, third
beam from west.

South end nezr abutment,
east bottom flarge, third
beam from east.

South end near abutment, )
weat bottom flapge, second
beam from east,

0.18

0,19

0.20

0.18

0.54

0.65

0.68

0.66

0.021
0.017
0.026

0.018

0.027

0.044

0.033

0.033

49,500
49,500
37,800

41,1300

58,000
59,500
60,200

58,700

&7

67

66

66

43




Sample
No.

Location of Sampie

Chemical Composition,
percent

Mechanieal Properties

CIMan]S

Yield
Strength,
psi

Ultimate
Strength,
psi

Reduction
of Area,
percent

T7-15-1

7-15-2

7-15-3

B02 of 78061
M 88 ovor Prairie Rlver
6.4 miles southeast of M 60

7-15-4

West end near abutment,
south bottom flange, 3econd
beamn from north,

West end pear abutment,
north bottom flange, third
beam from north.

West end near abutment,
south bottom: flange, third
beam from south.

West end pear abutment,
north bottom flange, second
beam from south.

0,15 0.T4  0.052 0.046

0.17 0.056 0.054

0.15 0.72 0.058 0,051

0,16 0.73 0.052 0.048

45,700

44, 000

47, 400

44,900

63,100

63,300

64,500

63,700

64

€5

" 82

65

42

42

7-16-1

7-16-2

7-16-3

BO1 of 78081
M 218 over Floworflold Crock
1.0 miles wost of US 131

T-16~4

"4

Single span near abutment,
aguth bottom flange, second
beam from north.

Single apan near abutment,
south bottom flange, third

_ beam from north.

Single Span vear abutment,
south bottom flange, third
beam from south,

Single span near abutment,
scuth bottom flange, second
beam from aouth,

,0.20

0.20 0.57 0.004 0.033

.20 0.020 0,034

0,13 0.61 0.023 0042

0.56 0.015 0.038

43,800

50,000

48,100

45,600

63,000

65,500

82,100 .

64,100

62
59
62

58

38
a8
36

40

3-1-1

8-1-2

807 of 47065
I 88 undor Chilaon Rd
3,0 milea southeast of M 1566

8-1-3

8-1-4

South end near abutmernt,
west bottom flapge, second
beam from east.

. Souwth end near abutmesnt,

west bottom flapge, third
beam from east,

South erd near abwtment,
east botfom flange, third
beam from west.

South erd near abutment,
east bottom flarge, second
beam from west. :

0.23 0.61 0.01% 0.024

0.25 0.64 0,012 0.023

0.23 0,61 0,009 0.023

0,25 0,71 0.010 0.025

40,300
40,500
39,300

46,300

65,200
€5,500
65,200

68,200

63
65

61

T 40

42

36

WF

8-2-1

§-2-2

8-2-3

Grund River Ave
0.5 miles south of T 98

805 of 47013
U8 23 southbound undor

8-2-4

East end near abutment,

_south bottom flarge, second

beam from north.

East erd near abutmsnt,
notth bottom flange, third
beam from sworth.

East end near abutmaent,
south beltom flacge, third
heam from scuth,

East end near abutmexnt,
rorth bottom flange, second
beam from scuth,

0.26

0.65 0.009 0.025

0.26 0.64 0.010 0,031

0.65 0.013 0.023

0.18 0.64 0,008

0.028

40,500

41,300

42,000

40,300

61,000

66,700

67,000

61,200 .

63

62

. 85

" 26

4

-82-
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Sample
No.

Location of Sample

Chemical Compositioa,

percent

Mechanical Properties

c |

Mnl PI_S

Yield
Strength,
psi

Ultimate
Strength,
psi

Reduction
of Area,
percect

Elongation,
percent

B2 of 213052
M 50 ovoer Thornoppls River
8,0 miles nurthwost of Charlotte

8-3-1

8-3-2

§-3-3

8-3-4

West end near abutment,
south bottom flaoge, second
beam from north.

West exd near abutmert,
north bottom flange, third
beam from north.

East end pear abutment,
scuth bottom flange, third
beam from sotth.

East end pear abutment,
porth bottom flange, second
beam from south.

0.18
0.16

0.15

0.56 0.012

0.53  0.011
0.54

0.54 0,012

0.014

0.027

0.024

0.029

0. 026

36,500

34,500

37,000

36,000

56,500
54,000
56,000

56,500

67

69

68

&8

43

43

46

Y

Yo

12 of 23092
M 99 over Grand River
2,2 miles southwout and wouth

of Ingham County Llne

8-4-1

843

8-4-3

B-4-4

North esd near abutment,
east bottom flange, second
beam from west.

- North end near abutmert,

west bottom flange, third
beam from weat.

North end near abutment,
east bottom flange, thind
beam from east,

North end near abutment,
west bottom flange, sacond
beam from east,

0.18

0.20

0.18

0.16

0,015
0.83 0.038
0.64

0.015

0.60 0.019

0.047

0,046

0.045

39,500
42,500
39,000

N/A

59,000
67,000
59,000

N/A

66

62

&7

43

42

B2 of 38071
M 50, U3 27 BN over CGrund Rivor

9, 0 wiles southanst of Juckson

8-5-1

§-5-2

8-5~3

8-5-4

North end near abwtment,
east bottom flarge, second
beam from wast.

North end pear abutmedt,
west bottom flange, third
beam from weat.

North eod pear zbutment,
east bottom flarge, third
beam from east.

North énd near abutment,
west boftom flange, Second
beam from east.,

0.11

0.11

0,14

0.15

0.6 0,020

0.82 0,018
0.70

0.70  0.015

0.017

0.043
0.041
0.034

0.030

42,300
42,000
42,000

41,000

57,700

58, 600

62,000

61,500

70

69

63

89

41

42

~y"

506 of 47013
U4 23 northbownd under

Grawnd Rlver Ave
0.6 mites south of 190

8-6-1

B-6-2

8-6-3

8-6-4

Span 2 mear pier 1,
south bottom flange, second
beam from north.

Span 2 near pler 1,
porth bottom flanga, third
beam from north,

Span 2 near pisar 1,
south bettom flange, third
beam from south.

Span 2 pear pler 1,
north bottom flange, secord
beam from south.

0.19

0.23

9.23

0.68  0.010

0.72 0.011
0,011

0.73

0.65 G.009

0.033

0.025

0.026

0.029

50,500

43,000

44,800

44,000

8,000

68,500

65,700

69,000

63

5

68

40
38
40

39
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A
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Sample
No.

Location of Sample

chemical Composition,
percent

Mecharical Propertiss

‘0

ManlS

Yield
Strength,
pst

Ultimate
Strength,
psi

Reduction
of Ares,
percent

Elongation,
percent

8ot of SHUYY
US 23 under Milwuukoo Rd

3.7 miles north of M 60

3-7-1

8-7-2

8-7-3

8-7-4

Span 2 near pier !,
south bottom flarge, second
beam from north. .

Span 2 rear pier 1,
north bottom flange, third

" beim from north.

Span 2 gear pler i,
south bottem flarge, third
beam from south.

Span 2 near pier 1,
north bottom flange, secood
beam frowm south.

0.19

0.20

0.19

0.18

0.64

0.63

0.60

0.010

0.011

_ 0.010

0.008

0.029

6.025

0.024

¢.021

47,800

1

45,000

44,300

49,000

€5,200

65,500

65,200

3,000

65
6%
67

&8

42

42

43

Y

104 of 47061
1 88 BL over South branch

Shinwasseo River
1.5 milea wost of [owelt

8-8-1

§-8-2

§-8-3

South end near abutment,
west bottonr flarge, second
beam from east,

South end near abutmart,

. east bottom flange, third

beam from east.-

Sourh end near abutmert,
west bettom flange, third
beam from weat.

South erd mear abutment,
east bottom flacge, second
beam from west.

0.1%9
0.15
0.14

0.18

0.7

0,55

0.034

0.031

0.027

0.029

0.031
0.021
0.018

0.020

39,500

42,300

36,300

38,000

63,500

59,200

57,200

61,000

65

70

4]

42

43

Y

507 of G1022
1 96 under Novl Rd in Novi

9-1-3

9-1-4

North end near abutmenrt,
east bottom flarga, second
beam from west.

North gzd mear abutmert,
west bottom flange, third
bearm from weat,

Worth end near abulmend
east bottom flangae, third
beam from sast.

North erd near abutment,
west bottom flacge, second
beam from east.

0,26
0.25
0.25

0.26

0.69

0.78

0.7

0.7¢

0.010
0.012
0,605

0.G09

0.026

0.025

0.018

0.021

41,300

40,500

42,100

T 40,100 -

66,200

-66,000

66,300

- 66,000

63

62

85

39

40

40

Y

101 of 82141
M 102 cnslbound ovor Rouge Niver

0,1 miles west of US 24

9-2-1
§-2-2
9-2-3

2-2-4

‘West ernd near abutment,
rorth bottom flacge, third
beam from south.

West end near abutmertt,
sotth bottom Jarvge, fourth
beam from south.

West erd near abubment,
north bottom flange, fourth
beam from rorth.

West end zear abutmert,
south bottom flanga, third
beam irom rorth.

0.17

0,18

0.18

0.17

.61

0.59

0.60

0,58

0.029
0.024
0.025

0.024

G.038

0.035

0.041

0.037

86,500

44,100

37,700

37,400

68,500

61,200

58,300

61,000

55
58

60

-39
40

40
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Chemical Composition,

Mechanfcal Properties

-85~

Sampl
o Locatton of Sample percent Yield | Ultimate | Reductton | gy -
Strength, | Strength, of Area, p::ce ntn’
C r Mn [ )4 l 8 psi psi percent
5 West exd near abutmernt, i ’
i 9-3-1 torth bottom flange, third 0.17 0.58 0.017 0.024 35,200 57,400 63 40
g = beam from south, .
P
- = West end near abutment, .
bl 9-3-2 south bottom flanga, fourth 0.17 0.39 0.024 0,036 37,400 58,300 63 43
S23 beam from south. -
- & 3
; '§ : West end near shutmemnt,
g F ,_;.': §-3-3 north bottom flange, fourth 0.14 0.56 0.016 0.022 33,400 51,600 67 42
‘a'.; g beam from north.
: ;: West end near abutment, -
] 9-3-4  south bottom flapge, third 0,24 0.51 0.023 0.0640 37,800 61,500 59 36
= beam from north. :
f South erd rear abutment,
a Gudl west bottom flange, second 0.21 0,48 0.016 0,026 40,900 62,400 5T 41
& g beam from east. .
L]
~ES South end tear abutment,
2 o4 3]9-4-2  east bottom flange, third 0.20  0.47 0.017 0.027 39,800 62,200 59 42
& E 3 - - beam from east,
- Sy - -
Susgt South enil near abutmert, v
&3 @ 8 9-4-3 east bottom flange, third 0.20  0.48 0.015 0.023 40,700 62,500 59 42
@ = beam from west.
- g
] South end near ahutinent, i
= -2 3 west bottom flarge, secood 0.22 0.50 - 0,019 0,022 40,200 64,700 56 40
beam from west, '
-
Span 1 pear piler 2, .
9-53-1 north bottom flange, second 0,23 0.0  0.020 0.033 42,400 65,100 57 41
K beam from morth.
]
ot é ey Span 1l psir pler 2, )
820 |952 northbottom flarge, third  0.24  0.59  0.023 0.033 43,300 66,100 58 40
=3 2 beam from north. .
a8
3 LB Span 1 nedr pier 2, :
'é' 2 = 9=3-3 south bottom flange, third 0.24 0.48 0.04% 0,034 45,600 70,800 56 40
o 2 beam from south. S ’
= Spanl Dear pier 2, _ .
9-5-¢ south bottom flange, second 0.24 0.87 0.046 0.033 44,100 69,900 60 40
beam from south. ’ ’ '
\
Propertiea
ASTM Mechanical Chemical Compoagition, percent
Desigration |1 sila Stressth, | Yield Strength, c o P s
psi pai Maximum Maximum | Maximum
A7-33T 60,000 to 72,000 33,000 -— - 0.04 0,05 :
A-38 53,600 to 80,000 36,000 0.28 - 0.04 0.05

It
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The information contained in this report wis compiled exclusively for the ’ ok
wie of the Michigan Department of State Highways and Transportation, Recom-
mendations contained herein are based upon the rescarch data obtained and the
expertise of the rescarchers, and are not necessarily to be construed as Depart- . .
ment policy. No material contained herein is to he reproduced-—wholly or in
part—without the cxpressed permission of the Engincer of Testing and Research.
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The purpose of this investigation was to determine the physical mpro—
perties of the steel in a beam that developed brittle fracture when struck
by a vehicle.

© On March 14, 1975 the hridge structure S08 of 39022, which carries
38th St over I 94 near Kalamazoo, was damaged by a truck trailer that was
transporting two large fork-lift trucks. The truck was traveling in the
westbound lane when a post on one of the fork-lifts struck several of the
bridge beams. The fork-lift post extended to a height of slightly over 14 ft
and the minimum underclearance of the bridge is posted as 13 tt - 11 in.
The east fascia beam was struck first, apparently driving the fork-lift
downward. The fork-lift then rebounded and the first interior beam re-
ceived animpact on the east edge sufficient to fracture the beam in two and
pull it from the structure onto the pavement below. Several other beams
were hit by the fork-lift as the truck passed under the bridge but no other

. beams were fractured or dislodged from the structure. Figure la shows

the east fascia beam that was hit, and Figure 1b shows the remaining frac-
tured end of the first interior beam that was dislodged and the damage in-
curred by the second interior beam. Note that since there were no shear
developers on the top of the beam it was free to pull loose from the bridge
deck once the section at the diaphragm had completely fractured. In addi-
tion to the damage done to the beams, many of the connecting diaphragms
in the span were twisted and many of the connecting bolts were sheared due
to the large lateral loads that were transferred by the repeated impacts.
The beam dislodged from the structure (Fig. 1a) was impacted on the edge
of the flange at about mid-span. The fracture occurred at an intermediate
diaphragm since it provided a fixation point against the lateral movement
produced by the impact. The beam fractured at the south intermediate
diaphragm but sheared loose from the north intermediate diaphragm. The
beam also fractured at the point of impact, with the fracture running within
2 in. of the far edge of the flange and part way up the web (Fig. 2). No in-
juries were incurred in the accident, although one lane of I 94 was blocked
by the beam until it could be removed.

The failure of this bridge beam cccurred under anunusual and extreme
impact loading. Normal loadingon the bridge would not produce a fracture
of this type and the mechanical properties of the beam were not suspected
as being inadequate for the intended use. Our interest in studying the pro-
perties of the steel in the beam was due to the apparent brittle behavior of
the steel at the points of fracture. The fascia beam and second interior
beam both received a similar impact loading but they did not fracture like
the first interior beam. Analysis of the fractured surface of the beam re-
vealed that the crack originated at a rivet hole where the diaphragm con-
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Figure la. East fascia of damaged - Figure 1b. First interior beam frac-
span showing impact point of the fork-  tured at the connecting diaphragm and
lift. dislodged from bridge.

Figure 2a. Fracture at the point of impact on
the first interior beam. Crack is shown run-
ning through the flange and part wayup the web.

Figure 2b. Bottom side of the flange at the point
of impact showing crack stopping before reach-
ing far side of the flange.
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nector angle attached tothe web. Thisis evident in Figure 3 where the frac- 7

tured web shows a "chevron pattern" (or V-pattern) of striations which is
seen o point back to the edge of the rivet hole, thus depicting the origin of
the crack. Figure 3 alsoshows asimilar chevron patternin the web on the
other side of the same rivet hole which points back to the origin of the frac-
ture on that section of the beam. There was no evidence of fatigue damage

. at the rivet hole, thus the fracture was totally initiated by the impact load-

ing. Once the crack began propagating in both directions from the rivet
hole, it ran completely through the top and bottom flanges of the beam, thus
dislodging the beam from the structure. The fracture through the bottom
flange and the upper portion of the web appeared to be predominantly brit-

tle in mode and the fracture through the top flange was predominantly of a

shear mode. The air temperature at the site was reportedly below 40 F at
the time of the accident which could have contributed to the brittle behavior
of the steel. An interesting feature of the fracture, as seen in Figure 4,
was the sharp changes in the direction that the crack experienced as it tra-
versed the web. At one location, shown in Figure 5a, the crack changed
direction by nearly 90° at a location where the web was severely laminated.
Figure 5b also shows multiple mid-plane laminations in the beam as re-
vealed by the fractured surface. No particular significance can be attri-
buted to the effect of the laminations on the crack propagation since the
loading geometry during the failureis unknown and obviously included some
twisting as the beam was torn free. A shift in the loading direction during
failure could have contributed significantly to the changes in crack direc-
tion noted. The sectionof the fractured beam that remains in the structure
is supposed to be sent tothe Research Laboratory after it has been removed
from the bridge. We plan to conduct ultrasonic tests on the web of this
beam to define the extent of lamination in the beam. |

The beams in the damaged span of the bridge were W30 x 124, which

have a nominal depth of 30 in., a flange size of 15/16 x 10~1/2 in. and a _ B

web thickness of 5/8 in. A chemical analysis of the steel yielded the fol-
lowing percentages by weight: 0.32 carbon, 0.71 manganese, 0.05 silicon,
0.015 phosphorous, 0.029 sulfur and 0.05 copper. This conforms to the

chemical requirements of ASTM A7 steel which only limits phosphorous .

and sulfur content. The carbon content of the steel is quite high. This high
carbon content will contribute to a low fracture toughness. The ASTM A36
steel specification limits carbon to a maximum of 0.30 ona check analysis.
The bridge under investigation was constructed around 1950, however,
which is prior to the advent of A36 steel. Tensile tests were conducted on
the top and bottom flanges of the beam to characterize its strength proper-
ties. The results of these tests are shown in Table 1. ASTM standard
round specimens (0.505 in. diameter), were used in the tensile tests and
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Figure 3. Chevron patterns in beam web pointingto the rivet
hole as the fracture origin. Upper portion (left) and lower

portion (right).

Figure 4. Irregular crack propagation
' path in the beam web (web plate is ori-
ented up in picture as in the beam).

Figure 5a. Nearly 90° change in the direction of crack
propagation in beam web at an area of midplane lami-

nation.
Figure 5b. Multiple laminations visible in beam web
on the fractured surface.




_ the specimens were removed longitudinally from the flanges starting from" -
L the flange tip (specimen 1) and progressingtothe web/flange junction (speci-

men 5).
TABIE 1
TENSILE PROPERTIES OF STEEL TAKEN
' FROM THE FRACTURED BEAM
(Specimens are numbered 1 to 5 starting at
flange tip and ending at the web/flange junction.)
. Yield Tensile - Reduction of
Specimen | stren gth,' Strength, Elongation, Area,
- No, . P B percent
" psi psi percent
TF-13 47,400 73, 900 37 57
TF-2 45, 300 73, 800 39 56
. TF-3 . 43,000 74,000 88 T BT
TF-4 33,700 75,400 39 54
TF-5 . 32,000 74,700 36 55
BF-1° ' 41,200 72,400 38 58
BF-~2 41,300 73,900 37 57
BF-3 41,200 73,900 38 55
BF~4 40,200 74,100 38 56
BF-5 33,300 74,200 36 55

Yield strength taken as the siress at the 'sharp kneed! yield point
on the stress-strain curve or the 0.2 percent offset if no sharp yield
was present. ' '

2 9-in. gage'length '

3 TF denotes specimen from top beam flange. BT denotes specimen
. *  from bottom beam flange. '

Table 1 reveals a significant decrease in the yield strength of the steel
from the flange tip to the web/flange junction (32 percent in top flange and
19 percent in bottom flange). The other tensile properties are fairly uni-
form across the section. Such a variation in yield strength is common in
rolled shapes such as this beam and can be attributed to the difference in
plastic deformation experienced in the rolling process and to the different
rates of cooling that occurin the beam. The flange tip and web receive the
most plastic work during the rolling process and the web/flange junction

I
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Figure 6. Energy transition-temperature curves for the top and bottom flanges of the fractured beam.
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receives the least. The flange legs and web also cool faster than their
junction, which results in afinexr grain structure and a corresponding higher
yield strength.

The yield strength commonly reported for a rolled I-beam is measured
from a specimen taken from an unspecified location in the beam web. Our
experience has shown that yield strength in the web is usually equal to or
greater than that measured at the flange tip, This is understandable be-
cause of the work involved inreducing the web thickness and the rapid cool-
ing experienced by the thin web section. Thus, the specimens TTF-1 and
BF-1 would closely represent the ASTM specified tensile properties and
easily meet the minimum requirements of either A7 or A36 steel.

Note that as measured by the "static' tensile properties of 'elongation'
and 'reduction of area,' the steel would be considered to possess high duc-

tility. . It will next be shown that this high ductility does not correspond to

a high fracture toughness in this beam. Standard Charpy V-notch impact
tests were run on steel taken from the top and bottom flanges of the beam.
At a test temperature of +40 F sets of three specimens each were tested.
The top flange had an average impact energy of 17 ft-Ib and the bottom
flange an average of 16 ft-Ib. When this bridge was constructed there were
no specifications covering the impact energy of bridge steels. Recently we
have adopted the AASHTO Toughness Specification which would call for a
minimum acceptance level of 15 ft-1b at +40 F for a beam of this type made -
of A36 steel. Hence the beam tested would meet this minimum require-
ment. It is interesting to note the energy temperature transition that cc-
curred in this beam as sets of three specimens each were tested at decreas-
ing temperatures down to -20 F (Fig. 6). The bottom flangeis seen to de~
velop a low of only 2 ft-1b at 0 F which would indeed predict a brittle be-
havior at this temperature under a high loading rate. The top flange de-
veloped 7 ft-1b at 0 F which would indicate a slightly higher resistance to
brittle behavior than the bottom flange. Such a difference in the mode of
fracture was evident in the top and bottom flanges, but this may have been
due to a shift in the loading geometry during fracture. The temperature
of the beam at the time of the accident was reported as below 40 F and pos-
sibly belowthe freezingpoint. A casein point hereis that the specification
of a minimum toughness level at a specified temperature (e.g., 15 fi~1b at
40 F) does not preclude brittle behaviorat a lower temperature if the steel
undergoes a rapid energy transition below the specified acceptance test
temperature. (The rate of loading also is a very important consideration
here.) This problem is currently receiving considerable attention in the
field of structural steel fracture toughness research. The current method
of specifying toughness for structural steel may prove to be inadequate in
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the future, but currentlyit is serving the function of rejecting heats of steel
that exhibit extremely low toughness. We are quite sure that some of our
existing structures contain such brittle steels.

Conclusions

The fracture experienced by this beam was initiated by a severe and
unusual, concentrated impact loading, applied by a traveling fork-1ift col-
umn. The properties of the beam, even though they were unusual, cannot
be deemed as inadequate for the intended loading. However, the observed
fracture behavior of the beam as related to the measured properties has
graphically demonstrated the fact that brittle fractures can occur in so-
called ductile materials, and this study has been helpful in our attempt to
understand such phenomena.

The steel in the beam that fractured and was dislodged from the da-
maged bridge was seen to meet all of the ASTM requirements for A7 steel
that existed at the time the structure was built.s Further, Charpy impact
testing of the steel in the top and bottom flanges revealed that they both ex-
ceed the current AASHTO toughness requirement on A36 steel of 15 fi-1b
at 40 F, Charpy V-notch impact energy. Lowering the impact test tem-
perature indicated a rapid decrease in the corresponding toughness of the
bottom flange and not as severe a decrease in the top flange. This transi~
tional behavior undoubtably contributed to the different fracture modes ob-
served in the two flanges.
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