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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 
c) 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 additional samples to provide a 
good average for testing. If no specific locations are requested remove a 
minimum of 4 samples chosen 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 handsaw 
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 crSi/ removing the samples or a 
note must 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 
"Layout of Specimen Removal From Bridge Steel Samples". This guide is based upon 
~delines 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. 



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. 

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

Charpy specimens are tested by imrrersion in an oil bath at +40 F for 24 hr.; 
then inserted into the Charpy rrachine and failed. The procedure for operation of 
the Charpy rrachine 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 rraterial used in the 
structural members. Elements generally requested are as follows: 

Cartx.m 
Silicon 
Sulphur 

Phosphorous 
Manganese 

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. = %C * (%Mn + %Si I 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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TYPICAL SPECIMENS AS REMOVED FROM STRUCTURES 

-Mark Both Ends of Tensile Specimen 
Parallel to Top of Plate. 
Stamp Sample Number on Both Ends. 
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2.0 Chemical Analysis of Structural Steel 

Chemical analysis of sb:uctural steel A7, A36, A572, A588 are presented 
in the following pages. 
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7fp;ca.i Chetnl'caj 3 o Tl- b4-l 

II mrlytical J\ssociat~s 
Analytical Chemists 

T 0: I Michigan I:OT 

Testing & Research Laboratory 

P. 0, ·Box 30049 

L Lansing, MI 48909 

Attention: IC. S. Bancroft 
Laboratory Technician 

19380 Mt. Elliott 
Detroit, Mich. 48234 

( 313) 369-9400 

Dote: Feb. 21, 1980 
Report No.: B-1847 

P.O. No. 79-1471 

LABORATORY REPORT 

Sample No. 

# 1 # 2 #3 # 4 - #5 
~{ 30 " ;o l ~-:. 

c ........ 0.22% • 0 •••• ,._ 0.17% ....... 0.18% • 0 ••••• 0.17% . ...... 0.16% 
Mn . . . . . . . 0.81% ........ 0.77% • 0 ••••• 0.79% • • • 0 ••• 0.76% • 0 ••••• 0.74% 
p 

••••• 0 •• 0.010% • • • • 0 • 0.012% ...... 0.011% • ••• 0 • 0.012% • •••• 0 0.010% 

s • 0 ••••• 0 0.026% ••• 0 •• 0.022% •• 0 -· •• 0.025% . -..... 0.024% ••• " • 0 0.034% 
Si 0 • 0 •••• 0.09% • • • • 0 •• 0.10% . ...... 0.11% • •• 0 " •• 0.10% ........ 0.09% 
Cr . . . . . . . 0.03% . . . . . . . • • • .•• ! • . . '· .... 0 •••••• 

Mo • •• • ··<0.01% . . . . . . . . . . . . . . ------- . ...... ....... 
v ·······<0.005% I . . . . . . ....... . . -· -· -~ .. . ....... 
Ni . . . . . . . 0.03% .. . . . . . . ,..,---,. . ...... ,...._.,.,._ . ...... ....... -
Cu . . . . . . . 0.06% . . . . . . . . . " .... . ...... •• 0 •••• -

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

Analytical A ciat,es 

·~/~~ 
by--~----------~/'~-------~----------

Charles K. Daak 
Information and data in this report is correct and reliable to the best of our knowledge, however, results ore not guaranteed and no responsibility is assumed. 
No port 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 ______________ _ 

19 ___ _ -5- My Commission Expires ____________ _ 



·• Analytical Associates, Inc. 

To: I 

L 
Attention: 

Analytical Chemists 

Mi.chigan IXlT 

Testing & Research Laboratory 

P, o; Box 30049 
Lansing, Ml 48909 

Mr. Larry J. Pearson 

_j 

19380 Mt. Elliott 
Detroit, Mich. 48234 

(313) 369·9400 

Date: Nov, 14, 1983 
Report No.: C-6959 

P. o: No. 83-1226 

LA BORA TORY REPORT 
Sample No. 

B-1 
B-2 

-· B-3 
B-4 
J-1 
J-2 
J-3 
J-4 

f II v 

Description: Eight pieces - solids, 
' \ ·' -' M""i,1 ~I<"" 

c s 
0 ,I').. . o.oZB . . . . . . 0,12% . . . . . . 0.028% 

. . . . ' . 0,12% . .. . . . . 0,026% 

. . . . . . 0.12% ...... 0.028% 

. . . . . . 0.12% ...... 0,028% 

. . . . . . 0.22% ...... 0,014% 

. . . . . . 0,22% . . . -· .. 0,015% 

. . . . . . 0.27% . . . . . . 0.033% 

...... 0.23% ...... 0,018% 
o.23 0 .o-zo 

(~)L:~i }-<»;. -~~) i I :
1l b:, 

•\ •C) f _:, ~· '" ., - .--~ t - ~<"' ~-

\ ' ···~ 

/--",~ -~ ~ 

p 

o. 6 2.0 . .... 0,020% . .... 
..... 0.020% . . . . . 

0,019% . . . . . 
. . . . . 0.019% . .... 
. . . . . o.oo6% . .... 
. . . . . 0,008% . . . . . 
. . . . . 0.010% . .... 
. .... 0,011% • ••• 0 

6,MCj 

Si 

6.04- . 
0.03% 

.0.03% 
0,03% 
0.04% 
o.o4% 
0,05% 
().06% 
0.05.% 
o.os 

Mn 

o,(..5 

•••••• 0,61% • .;>.20 
. .' 0.64% .~7 . ..... 

. ..... 0.67% . :. "\S 

. ...... 0.69% .~02.. 

. ..... 0.66% . ~~s -...... 0,68%. ,4CZ. 

....... 0.77%. . 4g7 
• ..... 0.72%. • 4ZZ. 

o,ll 

\ }j ~ A'?J 

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

C es K. Deak 
lnformalion and data in this report is correct and reliable to the best of our knowledge, however, results ore not guaranteed and no responsibility is assumed 
No port 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 ______________ _ 

19 __ . 
-6- My Commission Expires ___________ _ 



3 .. 0 List of Bridge Fr-ojects Completed (1974-1987) 

Structr-ual Steel Samples f ot- V.Jel dab i 1 i ty 

=~~~=~=~===============================================~====~======= 

PROJECT 
NO. 

75 F-146 

73 TI-180 

74 TI-201 

75 TI-275 

75 TI-291 

78 TI-455 

78 TI-473 

78 TI-513 

80 TI-641 

80 TI-702 

81 TI-769 

b.21 TI-898 

83 TI-910 

83 TI-945 

TITLE 

Steel Sampling of 76 Structures 

Cooley Bridge steel sampling and testing 

Steel yield strength determination of 
BOi-04032; B02- 12021; B02-46()41; B02-50092 

B02-63053; B03-73051 

Steel evaluation on vehicle damaged 
Structur-e I-94 Kalamazoo 

Evaluation of ~'"Jelda.bility of steel beams fat
bridge widening ' 

Steel sampling and strength determination 
r~t-26 1 South of Ea.gl e Rive['"" 

Sampling and testing steel from bridges 
BOi-27041 and B02-17011 

Non-destructive testing and steel sampling 
of X06-82123, l4ayne Co .. 

Testing of steel on Northbound Portion of 
BOl-70014, US-31 over- the· South channel 

of the Brand River 

Steel sampling and analysis of impacted 
bridge 502-82191; Woodruff Rd. over I-75 

Steel sampling on XOl-82052; US-24 over Rh· 
4.5 Miles north of Fl~t Rack 

Testing of steel of float- beam flanges; 
Us-2 o·,.,er- Cut Rivet- (B01-49023-20719C) 

Steel sampling US-31 Grand Haven 
Bascule Bridge 

Deter-mination of yield strength of structrual 
steel 801-43022-20716; US-10 over Baldwin Cr-
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29 
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4_5 

49 



PROJECT 
NO ... 

83 TI-960 

84 TI-979 

84 TI-1038 

TITLE 

Sampling .a.nd anal·>-"'si s of structut-al steel 
<ROl-58051-152050) US-24 over the Ann Arbor 

RR .. 0 .. 08 miles not-th of 11ichigan/Ohio Line 

Investigation of welding compatibility of 
steel ft-om B01-51021-2174SC.. M-55 O'v ... er the 

0 .. 1 miles east of US-31 

Structural steel sampling and testing 
S02-81041-23075D; I-94 o\..-er l-'Jiard Rd .. 

2 t1iles SE of Ypsilanti 
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4.0 Letters 

The copies 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. 

PROJEX::T NO. 

73 TI-180 

74 TI-201 

75 TI-291 

78 TI-455 

78 TI-473 

78 TI-513 

80 TI-641 

80 TI-702 

81 TI-769 

83 TI-898 

83 TI-910 

83 TI-945 

83 TI-960 

84 TI-979 

84 TI-1038 

TITLE 

Cooley Bridge Steel Sampling and Testing 

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

Evaluation of Weldability of Steel Beams for Bridge Widening 

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

Sampling and Testing Steel from Bridges B01-27041 and B02-17011 

Non-destructive Testing and Steel Sampling of X06-82123, Wayne 
County 

Testing of Steel on Northbound Portion of B01-70014, US-31 over 
the South Channel of the Grand River 

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

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

Testing of Steel of Floor Beam Flanges; us-2 over cut River 
(B01-49023-20719C) 

Steel Sampling US-31 Grand Haven Bascule Bridge 

Determination of Yield Strength of structural Steel B01-43022-
20716; US-10 over Baldwin Creek 

Sampling and Analysis of Structural Steel (R01-58051-15205D) 
US-24 over the Ann Arbor RR. 0.08 Miles North of MiChigan/Ohio 
Line 

Investigation of Welding Compatibility of Steel from B01-51021-
21748C. M-55 over the Manistee River; 0.1 Miles East of US-31 

Structural Steel Sampling and Testing S02-81041-23075D; I-94 over 
Wiard Rd. 2 Miles Southeast of Ypsilanti 
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. , .. 
. · OFFICE MEMORANDUM 

·' ,.. MICHIGAN 
DEPARTMENT OF STATE HIGHWAYS 

To, M. Rothstein 
Engineer of Design 

From, K. A. Allemeier 

Subject. Investigation 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 over the 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 order to allow full 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 consisted of approximately 3/4-in. diameter plugs removed 
from the members with a metal cutting hole saw powered by a portable drill 
press. 

The samples were submitted to the Charles c. Kawin Metallurgical 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 location where a metallurgical sample was removed in order to mini
mize sharp notches which could develop stress concentrations. In no in
stance was more than one tensionsamp~e removed from the same member. 
Mter removal, the member was cleaned and the area of removal was painted. 

-11-
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M. Rothstein -2-

The samples were machined to ASTM specifications for flat tensile speci
mensutilizing a2-in. gage length, except that instead ofuslnJ!: lhc full thick
ness, all the specimens were machined to a reduced area, 0.250 in. thick
ness by0.500 in. width. By doing this, it was possible, in some eases, to 
obtain two tension specimens from-one sample. It also allowed the use of 
a more sensitive testing machine due to the s mailer loads required for test
ing. Samples from which two tensile specimens were obtained, are desig
nated "A" and "13" in Table 1. 

The machined specimens were tested for yield and ultimate strength in a 
20, 000-lb capacity Jnstron machine equipped with autographic printout. The 
yield 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 strain varied 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 Plates - There were no tension samples obtained from 
these members. Chemical analysis of the metallurgical samples obtained 
from the plate indicate the composition to 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 the 
plate to be similar. 

· 6 by 6 by 3/8-in. Angles - Chemical analysis showed no wide deviations 
from the norm. The average yield strength was 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 
from these members. The mechanical properties should be similar to 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 yield strength was 38,600 psi and the average 
ultimate strength 64,000 psi. 

30W124 Intermediate Floor Beams- Chemicalanalysis ofsamples obtained 
from these members exhibited approximately 40 percent more manganese 
content than the average. The average yield strength was 38,750 psi and 
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M. Rothstein -3-

the average ultimate strength 64,150 psi. As can be seen, the variation in 
manganese content of these members did not seem to alter the strength 
significantly. Since manganese is usually added to provide toughness, this 
seems reasonable. 

30Wl16 End Floor Beams- The chemical composition and mechanical 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 63,950 psi. 

21W59 Stringers- ChemicalaJ13.lYsis ofsamples obtained from these mem
bers showed greater phosphorous content than the average. Theoretically, 
increasing the phosphorous 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 strength was 20 percent higher than the average of 
other samples and the average ultimate strength showed a 6 percent increase. 
Values for these members were46, 350 psi average yield strength and 67,400 
psi average ultimate strength. 

Conclusions 

All categories showed mechanical properties above the required minimum 
of 33, 000 psi yield strength. 

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

TESTING AND RESEARCH DIVISION 

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 CompoRitlnn M('chnn\cal Propert\e8 

Structural Sam pit.' 
J.ocntlun of Snmplt~· 

"l Mo 1 I' I ",... I ""'"'"''' Member ""· • st 1\•nl(th, Stn•nl{th, 
lll'l j>lll 

LO-U, sW cornor nt,nr OllfiR<'tt, out- n. u, 
Mldt.o plntt! 

0,44 11,012 o. 021J 

2 LO· 1.1, NW cumcr ncar <lullfHltt, out- O,IG 0,47 0,014 0,022 
24 by 3/8 Web Ride plnto 

Plates LO-Ll, NE corncrncarGussctt, out-3 
aide plate 

o. 17 0.45 0.011 0,018 

' 
LO-Ll, BE comer ncar Gussctt, out-
side plate 

0,17 0.44 0.011 0.020 

• LO-U, SW oomer ocar Guasett, out- 0,21 0,47 0,016 0.025 40,100 65,300 
side top angle 

6 LO-Ll, NW corner ncar Uussett 0 out- 0,2:1 0,49 0,016 0,024 
6by6by3/8 aide top angle 

Angle a LO-Ll, NE comer ncar Gussctt, out-

' 0,15 0,41 o.ou 0,023 38,800 55,500 
side top angle 

6 LO-Ll, Outside top angle, SF( noar 0.20 
support 

0,44 0,011 0.030 

• IA-L5, SW ooar GWJaett, ootalde 
pl.li.te 

0,21 0.44 0,013 0,023 

10 I.A-L5, NW ooar Gusactt, wtalde 0,24 0.51 0,013 0.0111 
31-1/2 by 7/8 plata 

Web Plates lA-L5, NF. ncar Guaaett, outside 11 0,20 0.<19 0,016 0.026 
plate 

12 
U-lll, SF. noar ou .. ett, wtaldc 
plato 

o.zn 0,50 0,017 0.026 

13 IA-1.5, BW noar Ouuotl, outald8 top 0.211 O,IU o. 0111 0.026 A 39,700 64,700 
anglo .n 4o,aoo 65,100 

14 
IA-1...6, NW ncar Guu"tt• outaldo top 0.22 0,110 0.0111 0.0211 

6by6by7/H ani{IO 
AnKle a lA-lli, Nf: twar nueaott, Jnaldt• IOJI A 36,600 62,600 .. 

nnl(lo 
0.20 O,<IR o. 0111 0,023 

n 37,soo 63,600 

16 
lA-U, SE ncar GWJaett, wtaldt' top 

0,23 0,48 0,018 0,027 
anglo 

17 U1, NW near .support bottom flange 0,21 0.76 0,015 0.025 
A 39,700 64,300 
B 39,600 64,800 

30Wl24 16 Ul, SW near support bottom flange 0,20 0.79 0,014 0.026 
Intermediate A 37,700 63,500 
Floor Beams 19 U1, SE near support bottom flange 0,20 0.78 0.013 0.022 

B 38,000 64,000 

20 U1, NE bear support bottom flange o,zo 0.78 0,014 0,022 

UO, West eiXI, third stringer from 
21 south, Inside bottom flange near sup- 0,19 0,61 0.061 o. 034 47,600 68,100 

port 

UO, Woat ond, tbtrd atrl~er Crom 

" oortfl, IMide bottom flange ncar a1.1p- 0.17 0,60 0,061 o. 034 

21W59 port 

Stringers uo, East end, third strl.ngcr from 
23 north, !DIIlde bottom flange near sup- 0,19 0.62 0.058 o. 032 45,100 66,700 

port 

uo, East end, third stringer from 

" south, Inside bottom flange near sup- 0.17 0.62 0.058 0,034 
port 

25 UO, SW bottom flange near support 0,20 0,78 o. 014 0,024 A 38,900 64,300 
30Wl16 B 36,900 64,700 

Eod 
A 38,700 Floor Beams 26 UO, NE bottom flange near support 0,22 0,77 0,013 0,026 63,300 
B 36,300 63,600 

-14-

' 



• OFFICE MEMORANDUM 
'"' 7IN>t MICHIGAN 

• ~ DEPARTMENT OF STATE HIGHWAYS 

To, L. T. Oehler 
Engineer of Research 

From, M. A. Chiunti 

Subject, Steel Strength Determination- Six Bridges. 

September 10, 1974 

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 six bridges containing steel 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 
bridges for load restrictions. 

Experimental Details 

A total of 29 metallurgical samples were removed from the six bridges. 
The selected locations at each bridge, al,ong with physical properties and 
chemistry, are given in Table 1. The samples were submitted to the 
Charles c. Kawin Metallurgical Laboratories for chemical analysis. Four 
tension samples were removedfrom 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 cleaned 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, "with the 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 

-15-



Sample 
Structure No. 

1 

~ 

,) "' . 
:V<..I~ \<11'? 3 

../: ~;..-
~~'b 4 

'x/~ B02 of 12021 
• US 12 over Swan Jl' Creek northeast 

· of Bronson 5 

6 

7 

8 . . 

'\-v% 
9 

' B02 of 46041 10 

M 3-1 0\'e r South 
Branch of Raisin 

li River, southeast 
of clayton 

12 

13 

,q~'V 
14 

BOl of 04032 
US23 overThunder 15 
Bay River in Alpena 

16 

17 

0. '!l '0 
18 

\ B03 of 7Josi 19 
M 13 over Pattie 
Dr6 mi north o{ 

20 O:Junty Line 

21 

TABLE 1 
WCATIONS OF SAMPLE REMOVAL AND 

RESULTS OF CHEMICAL ANALYSIS AND TEr-."SION TESTS 

Chemical Composition, Mechanical 

percent Properties 
Location of Sample 

C I Mnl p I " Yield •I Ultimate 
Strength Strength -· psi psf 

East eM near abutment inside bottom flange 
of south fascia beam (widened ~rtion) 0.15 0.65 o. 024 o. 033 38,900 58,300 

East end near abutment, outside bottom 
flange, 5th beam from south (original 0.20 0.62 o. 016 o. 038 35,600 60,400 
beam) 

East end near abutment, inside bottom 
flange, 4th beam from north (original 0.22 0.61 o. 016 o. 043 38,600 62,600 
fascia) 

East end near abutment, inside bottom 
flange, 3:rd beam from north (Widened 0.16 0.61 0.024 0,032 40,900 59,600 
portion) 

East end near abutment, inside bottom 
flange, 3rd beam from south (widened 0.14 0,66 o. 022 0.033 38,500 58.700 
portion) 

East end near abutment, outside bottom 
flange, 6th beam from south (original 0.21 0.62 o. 016 0.042 34,900 61,900 
beam) 

East end near abutment, inside bottom -
flange, 6th beam from north (o'riginal 0,20 0.56 0.014 0,047 34,100 59,900 
beam) 

East end near abutment, inside bottom 
flange, 2nd beam from north (widened 0.15 0,65 o. 022 o. 033 37,700 58,300 
portion) 

west end near abutment, inside bottom 
0.24 0,51 0.010 0.020 41,700 64,200 flange, south fascia (widened portion) 

West end ncar abutment, outside bottom 
flange, 2nd beam from south (original 0,23 0,44 o. 012 o. 036 36,100 61,100 
beam) 

East end near abutment, inside bottom 
0,24 0.51 o. 012 o. 019 64,900 flange, north fascia (Widened portion) 47,200· 

East erx:l near abutment, outside bottom 
flange, 2rrl beam from north (original 0.23 0.44 o. 012 0.034 33,600 60,200 
beam) 

South span near pier, outside bottom 
0.16 o. 71 0. 034 o. 038 A40,600 62,600 

flange, 2rrl beam from east B38,700 61,700 

south span near pier, inside bottom 
0,18 0,73 0,017 0,042 ( A37,800 61,800 

flange, aro beam from east. ·aa9,JOO 61,100 

North span near pier, ollfsldc bOCtom 62,100 0,18 0,69 o. 018 0.023 A37,SOO 
flange, 4th beam from west B40,600 62,200 

North span neai- pier, outside bottom 
0.18 0.72 o. 016 o. 038 A39,100 60,200 

flange, 5th beam from west. B37,500 60,500 

South span near pier, inside bottom 1),12 
flange, east fascia beam. 0,56 o. 009 0,030 2 

South end near abutment, inside bottom 
0,22 o. 70 0. 013 o. 042 A36,500 62,300 

flange, west fascia beam. B35,300 61,500 

South end near abutment, outside bottom 0,19 0.65 0,016 0,040 3-1,300 59,900 flange, 2trl beam from west. 

North errl near abutment, inside bottom 
0.22 0,63 o.o1s o.o.to A35, 000 59,600 

flange, east fascia beam B34,IOO 59,900 

North end near abutment, outside bottom 
0.20 0,63 flange, 2nd beam from east. o. 015 o. 045 34,100 58,:)00 

-16-

Meets Meets 
Flange 

fequire- lequire-
Thick- ments ments 

ness of ASTM of ASTM 
ln. A7-33T1 A-~fi 1 

0,620 X 

0.600 X 

0.600 X X 

0,620 X 

0,620 X 

0,600 X 

0,600 

0.620 X 

0.531 X X 

0.531 X X 

0,531 X X 

0,531 X 

1,000 X X 

1,000 X X 

1.000 X X 

1.000 X X 

1.250 2 2 

X X 1,100 
X 

0,850 

1.100 

0,850 



j'l /-

' ' ' I 

'Y. .• 

f.ft 

Sample 
structu~ No. 

22 

B02 of 63653 
23 

t'S 10 O\"(• r clinton 
Rivt•rin Wat{'rford 24 

25 

26 

\ 

TABLE 1 (Cont.) 

LOCATIONS OF SAMPLE REMOVAL A:t-.D 
RESULTS OF CHEMICAL AN~L' • .'SIS AND TEl\'"SION TESTS 

Chemical Composition, Mechanical 
Properties 

percent 
Location of Sample -· Yield TUltimate 

C I >~nJ pl strength Strength s 
psi psi 

South end ncar abutment, inside bottom 
0.25 0.72 0,034 0.039 39,800 66,500 flange, e.'lSt fascia 'beam. 

South end near abutment, outside bottom 
0.23 0,78 o. 019 0. 042 41,200 64,400 flange, 2oid beam from east, 

North end near abutment, inside bottom 
flange, 5th beam from east. 

0.20 0,65 o. 020 o. 027 39,300 63,500 

North end near. abutment, outside bottom 
0.19 0.76 0.017 0.036 40,900 63,400 fla11ge, 6th beam from east. 

btorth end near' abutment, inside bottom 
0.21 0,48 o. 030 o. 027 34,200 59,400 flanie, east fascia beam. 

?:J\ B02 of 50092 27 
North eiXl near abutment, outside bottom 

0,18 0,87 o. 015 o. 025 42,100 65,400 

\u; flange, 2nd beam from east, 
M 19 o\··~r Salt 
Rin•r, east of 

28 
South end near abutment, inside bottom 

0,23 0,65 o. 030 o. 025 
New H:i\"CD flange, west fascia beam. 

29 
South end near abutment, outside bottom 

0.13 o. 73 o. 014 o. 02<1 
flangt>, 2nd beam from west. 

1 
AST,\l S~cification Requirements (shapes) 

Properties 

AsTJ\.I Mechanical Chemical Composition, 
Designation Tensile St.rength,l Yield St~ngth, 

pSI pst 

A7-33T 60,000 to 72,-000 33,000 

36,000 A-36 58,000to80,000 

c Ma.'l: I 

0.26 

percent 

Mn I PMax! SMax 

0.04 

0.04 

o.os 
0.05 

A36,200 65,000 
B37,200 66,100 

39,800 59,100 

: ! Meets ~ Meets 
~~~~~ IRequi~ Require-

mcnto; ments 

ne<S ~~f ASTI!,,or ASTM 
ln. A7-331'1 A-36 1 

0.787 X X 

0,690 X X 

0, 787 X X 

0.690 X X 

0.810 

0.606 X X 

o. 810 X X 

0.606 X 

. 
2

No tension sample obtained from fascia beam due to greater thickness oi flange, metallurgical sample obtained for comparison purposes. 
. ~-
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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 
rate 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 thiclmess were machined to produce two tens ion s peci
mens. These are designated _nA" 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: 

Bridg·e 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 38,900 
B03 of 73051 34,900 
B02 of 63053 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 B01 of 04032 contains interior 
beams with a flange thickness of 1 in. instead of 0. 635 in. as given. 

Conclusions 

The yield strength of the structural members tested 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 

fYJ Cv--<.~ Q_ . CJ'.~~-t__· 
Highway Research Technician 09 

MAC:bf 

-18-
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August 2 6, 197 5 

Bruce Benson 
Maintenance Specialty Crew Coordinator 

L. T. Oehler 

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

At your request of Au,"11st 2, 1975, we have made an analysis of some steel beams that 
had been salvaged and were being considered for use in a bridge widening job on Dort 
IDghway in Flint, :Michigan. Two samples of the subject beams were procured by the 
Research Laboratory. The first sample, identified 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 inch thick web. The second 
sample, identified as B2, was from a rolled beam 24 inches in depth with a 1 x 12-1/8~ 

• inch flange and a 0. 540 inch thick web. Both types of beams appeared to be in poor 
condition with extensive corrosion and pitting of the surfaces. The following data show 
the tensile and Cbarpy impact toughness properties of the beams. 

Tansile Prope1-ties 

Beam I. D. Yield J?o1nt*(ksl) Tensile strength(ksi) % Elongation 
(2 in. G. L.) 

Bl 29.7 57.8 48 

B2 36.7 65.1 38 

ASTM A 7 steel 33 60-70 

AST:M A 36 steel 36 58-80 21 

(*) Determined by the 0. 2% offset strain method. Values represent the avetage of 
two specimens. 

. ~' . 

' ·. 
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Bruce Benson 

Chnrpy Impact Toughness 

Beam I. D. 

B1 
Bl 
B1 

B2 
B2 
B2 

-2-

Testing Temperature °F 

+40 
+20 

0 

+40 
+20 
0 

( 

August 26, 1975 

Average Energy* (ft-lbs.) 

9 
~ 5 

4 

20 
10 

8 

(*) Three Charpy specimellS from each beam were tested at each temperature. 

As seen in the table of tensile prope1i:ies the specimens taken from beam B1 do not 
meet the requirements on yield point ·or tensile strength of either ASTM steel types A 7 
or A 36. The specimens taken from beam B2 meet the requirements of both. The Chnrpy 
impact results show that the beam B1 has very low toughness, inapite of the extreme 
high ductility exhibited by the elongation of 48% in the tensile tests. Beam B2 has a higher 
level of toughness and does exceed the requirement of 15 ft-lbs. at +400F that is currently 

· specified on some critical main load carrying members that receive tellSlle stress. These 
results point out that high ductility, as measured by a slow loading test, does not insure 
that good impact notch toughness is present in the steel. 

The alloy compositiollS of the t\-10 steels ru:e listed in the following table. * 

Carbon i\'Ianganese Silicon Phosphorus" Sulfur 
; ... ,.~ 

··Beam Bl 0.19 o. 60 0. OS 0.016 1!. 039 

Beam B2 0.23 o. 60 0.10 0. 011 o. 028 

(*) Values are percent by weight. 

Both steels conform to the chemlstly requirements of ASTM steels A 7 and A a a. No 
particular problem should be encounter·ed with the weldability of the steels. In view 
of the low yield point present iTl the beams, overmatching of the weld metal yield point 
should be minimized. 

-20-
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Bruce Benson August 26, 1075 

If you have any further questions concerning the beams analyzed, please contact the 
Research laboratory. Any questions on the welding procedures to be applied should 
be directed to Dan Hines, Welding Enginee1, Testing and Research Division. 

TESTlliG AND RESEARCH. DIVISION 

~1\__.,Eugineer of ReiJii'arch 

LTO:JDC:nag 

cc: D. Hines 

/ 
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February 22, 1978 

w. D. Bullen 
Special Assigmnent Engineer - structures 

C.J. Arnold 

Mechanical Properties of Bridge Steel Samples Removed from Structure 
B02 of 42021, M-26 over Eagle River, Keweenaw County, Research Project 
78 Tl-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 
calculatl.ons 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 lin. wide by 10 in. long. Because the samples were not of sufficient 
cross sectl.on to machine round 0, 505 diameter specimens, 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 lb. capacity 
MTS electrohydraullc machine, with automatic print-out of the load-strain curve. 
Yield strength data are reported at 0, 2 percent strain. Samples 1 and 3 exhibited a 
yield point "knee" that is somewhat higher than the value at o. 2 percent strain. We 
are forwarding a copy of the load strain traces for your files. 

Results of the tensile te!ts were as follows: (Reported to the nearest 50 psi.) 

Sample No. 

1 

I.ocatl.on of Sample 

East floorbeam, east 
bottom flange near 
connection to north 
lL girder, 

Yield 
Stren.,oth; psi 

(0, 2 percent offset) 

40,850 

-23-

mumate 
Strength, psi 

60,850 

Elongatl.on, % 

26 

··.-·. 



2 

3 

4 

East floorbeam, west 
bottom flange near 
connection to south lL 
girder, 

West floorbeam, west 
bottom flange near 
connection to south 1L 
girder. 

West floorbeam, east 
bottom flange near 
connection to north lL 
girder, 

39,900 . 60,100 30 

38,350 62,200 30 

41,800 62,150 34 

A sketch of fue floorbeam cross section is also being forwarded for your records. 

TESTING AND RESEARCH DMSION 

~.Cff,~ 
c. J, Arnold, Supervisor 

. Structural Mechanics Group 

CJA:MAC:lve 

cc: L. T. Oehler 
D. J, Kanellitsas 
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DATE: 

TO: 

OFFICE MEMORANDUM 

June 22, I 978 

w. D. Bullen 
Special Assignment Engineer.- Structures 
Design Division 

FROM: James D. Culp 

SUBJECT: MechaniCal Properties of Bridge Steel Samples Removed from Structures 
BOI cif 27041, M-28 over Jackson Creek and 802 of 1701 I, M- I 23 over 
Tahquamenon River. Research Project 78 Tl-455-..Y7.3. 

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 a 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 I 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) 

Sample 
Number 

I 

2 

3 

4 

I . 

; . 

BOJ of 27041, M-28 over Jackson Creek 

Sample· Yield Strength (psi) Tensile 
Location (0.2 percent offset) Strength (psi) 

East Abutment '40,600 71,050 
2nd beam from south 
North flange 

East Abutment 42,600 64,800 
3rd beam from South 
South fl onge 

East Abutment 40,600 61,150 
4th beam from North 
North flange 

East Abutment 40,400 63,800 
3rd beam from North 
South flange 

B02 of 17011, M-123 over Tohquomenon River 

North of first pier 
from the South 
5th beam from East 
East flange 

. 49,750 69,650 

-25-

Elongation, % 
(2 in. gage) 

36 

41 

41 

40 

39 

('. 
!: 
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Sample- Sample Yield Strength (psi) Tensile Elongation, % 
Number Location (0.2 percent offset) Strength (psi) (2 in. gage) 

2 North of first pier _.47,250 69,500 42 
from the South 
3rd beam from East 
East flange 

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 41 
from the North 
2nd beam from east 
West flange 

5 North Abutment 43,050 62,850 41 
3rd beam from East 
West flange 

. 6 North Abutment 43,300 62,400 40 
. 

5th bo~lam 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 lists these results using the same sample numbers as referenced 
in the tab I es of tens if e data. 

Chemical Analysis, % wt. 
Sample Number c Mn p s Si 

Bridge BOI of 27041 

I 0.272 o. 91 0.032 0.028 0.03 
2 0.199 0.83 0.009 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 

Bridge B02 of 17011 

I 0.215 0.75 0.006 0.018 0.12 
2 0.213 0.72 0.008 0.018 0.11 
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 

ASTM A-7 · 0.04 0.05 
Specifications max max 

ASTM A-36 0.26 - 0.04 0.05 
Specifications max max max 

-26-
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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 weidobility. The 
only precaution to stress in welding covu plates to the flanges on BOl of 27041 would be. 
to exercise "low hydrogen" procedures such as cleaning all the weld area of paint 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 precautions ore 
well worth the effort to preclude subsequent cracking which can easily occur. 

JDC:cgc 

cc: L. T. Oehler 
C. J. Arnold ~~THIS CO!'YFOR I
A. J. Morusich 
E. Wiedenhoefer 

-27-
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James D. Cup, P.E. 
Transportation Research Eng ire er 
Structural Mechanics Group 
Reseo rch Laboratory Section 
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J OFFICE MEMORANDUM 

DATE: September 21, 1979 

TO: W. J. MacCreery, Engineer of Design 
K. A. Allemeier, Engineer~6f Testing and Research 

FROM: J. D. Culp 

SUBJECT: Design Recommendation for Bo 1 t Splice Repair 
of Railroad Bridge X06 of 82123 
Research Project 78 Tl-513 

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 H. Turner, •1ho 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 
are based on repairs that have been made on other bridge structures in the 
United States with similar defective electroslag weldrr.ents. 

Item 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 \vest abutment (1 through 
7) and are designated as north girder (H) or south girder (S) and top 
flange (T) or bottom flange (B). (e.g. 1NB if the first butt weld from the 
east abutment of the north girder on the bottom flange). 

1NB 1SB 
2NT 2ST 
3NB 3SB 
3NT 3ST 
4NB 4SB 
4NT 4ST 
SNT SST 
6NB 6SB 
7iiB 7SB 

This constitutes a total of 18 butt wel~~ents in the bridge that should be 
spliced out of the 28 butt weldments in the bridge. Out of these 18 weld
ments, 3NB, 7NB, 4ST, 6SB and 7SBwere shm·m to have reject<Jble Fl~\v5 in the 
Initial Inspection conducted In the fall of 1977 through the spring of 1978. 
Weldment 758 is the one recently reinspected to a~_tess the status of the flaws 
that were found in the earlier inspection. ~ 
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Our field inspection of the ~;eldments in the top flanges of both girders 
indicate that weldments ZST, 3ST, 4ST and SST were produced by the submerged 
arc process. There is a possibility that the accompanying weldments on the 
bottom flange are 1 ikewTse submerge-d.. arc weldments, but this has not been 
verified. This would include weldments 3SB and I1SB that are on the recom
mended repair 1i st. 1 t is my recommenc!at ion that these \~e 1 dments be sp 1 iced 
as planned because of the criticallity of their location in this nonredundant 
structure. One of these weldments, lfST, was shown by the previous nondest
ructive testing to have defects and it would seem prll.dent at this time to in
clude the submerged arc \~eldments in the repair rather than spend additional · 
time and money on trying to ab.Sess their current fla1-1 status and fracture 
toughness. 

Item Z: 

After the flange splices have been completed and put back into service, there 
is a real possibility that the spliced 1-reldments could still fail. T~:o 
conditions could lead to this failure a7ter splicing. The first condition 
is the possibility that the existing flaw sizes in some of the \oJeldments 
could already be at "critical size" to cause brittle fractu;·e under the 

·applied dead load (which will remain on the vlelc!r.;ents even after splicing) 
when cold temperatures are reached in the 1-linter. The second condition is 
that fatigue crack growth is still possible inthe spliced v:elc!ments 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 1-1eldmen~would 
also increase the chance of brittle fracture. To guard against the possibility 
of these failures occurring, the following special precautions should be taken 
to prevent the cracking from spreading beyond the butt weld area. 

. e. 
a) The steel plates used in the splice should have AnouJh fracture 
toughness to absorb their design loading as impact loadihg at the 
"lowest anticipated service temperature" (LAST) of -zoo 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 FHI.fA's recorrmended "Fracture Control Plan for 
New Bridges \~ith Fracture Critical Her.1bers," Volume 11, June, 1978. 
This will essentially call for a charpy impact requirement of Z5 or 
30-ft/lbs at -zoo 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 toughness requirements. Several options could 
be proposed to aid in rapid availability. (Listed in order of priority 
starting vlith the most desirable steel.) 

i ) f,STH A 633, Grade D 
i i ) ASTM A 633, Grade C 

i i I ) ASH\ A 588, Grades A, B, C, or F 
iv) ASTM A 537, Class 1 
v) ASTM A "1 L. ') 

~.~ 
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Except for the A 242 these steels are all available ~lith a 50 ksi yield 
strength up to 2.5 inch plate thickness. The filler plates required by 
the thickness transition should be A 588 steel. No special toughness 
requi ree1ents are necessary for thent,_. since they •li II 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 a 1-1/2 inch dia
meter hole outside of the cross sectionar-extremities of the flange 
weld where it passes beneath the web and then cutting a smooth slot 
horizontally in the \veb to join the holes. The holes could be easily 
located 1 inch above the flange to heb fi !let weld (see sketch). 

I " B MIN. NOT FLAME. CUT SLOT 

WEB FILLET WELD 

FLANGE 

ELECTRO SLAG WELD 

The exact location of the holes will have to be determined at each 
~1eb location by grinding and etching the flange \veldrcents. This ~Vork 
could be done by Research Laboratory personnel curing the construction 
phase. These cope holes and slots will need to 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 
plates. 
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d) Mill test reports that are available on X06 of 82123 indicate 
ihat the A 588 Grade B steel in ~e bridge has sufficiently high 
toughness to withstand the shock of impact loading through the splice 
plates should a butt weld fail~re occur. The minim~m existing prop
erties as shmvn on these mi 11-reports are 1 is ted as follows: 

Thickness, 
In. 

3-5/8 

3 

2-5/8 

2-1/4 

1-5/8 

1-1/2 

1-1/4 

1-1/8 
(flange) 

1-1/8 
(~ieb) 

Item 3: 

Yield Strength 
s i 

50,200 
62,800 

52,700 
54,500 

52,200 
54,500 

54,700 
55,000 

60,700 

64,400 
65,100 

58,000 
58,300 

56,800 

Elongation 
Tensile Strength· % 

psi 2 in. gage 

70,400 30 
80,800 25 

77,700 27 
78,500 26 

. 75,800 
77,500 

76,200 
75,000 

84,200 

81,000 
82,600 

80,000 
77,600 

83,600 

83,800 

28 
28 

28 
27 

24 

19 
20 

22 
28 

26 

25 

Cha rpy Impacts 
at 40°F, ft-lb 

(3 specimens 
tested) 

46-45-51 

59-14-30 

70-28-113 

28-32-38 

14-15-18 

78-99-24 

61-60-90 

18-20-31 

32-22-15 

The joint splices should be designed to prevent the entrance of water 
between the plates and to prevent any subsequent corrosion problems. Con
sidering this, the exterior splice plate should be one piece (full flange 
~Jicth). The interior splice plates could be split into tv:o sections to fac
ilitate hand] ing inside of the box girders. 
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The filler plates required at the 
cut and ground to closely conform 
method employed to plug and caulk 
joint. 

I tern 4: 

- 5 -

thickness transitions should either be 
to the actual transitions or some other 
the sloping gap at each end fo the spliced 

The completed splices should be coated with an inorganic zinc paint and 
a brown vinyl top coat. A detailed painting specification 1~ill be supplied 
by G. Tinklenber!J:as ~soon as possible. Basically, the preparation required 
~1'/JJL invo 1 ve the fo 11 0~1 i ng i terns: 

a) All splice and fill plates should be blast-cleaned in the shop 
after fabrication and coated 1·Jith a \;ash 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 shoulc 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 sections 
may be blast cleaned or ground to remove all mill scale, rust and debris 
from the faying surface. 

c) 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 with the painting specification to be supplied 
by G. Tinklenber,r 

Item 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 tension or stress reversal regions. These 
notches are prevalent and could easily lead to fatigue crack initiation sites 
in the future. The Soils and Materials Section of the Testing and Research 
Division could handle the marking of these areas and the inspection of the 
grinding. 

I tern 6: 

If permissible by design check, I would like to request that t1·10 2-inch 
diameter co res be removed f ror:1 \·:e 1 c1rent 7S B by ho 1 e sa1;i ng through the 11e 1 d 
from the inside of the box girder. The exact location of the cores will be 
determined by Research Laboratory persoJJnel using ultrasonic testing prior 
to the drilling of bolt holes. The cores will be located near both ends of 
the flavi vk:ich has been defined inthe weld and Hill serve to study the 
nature of the cefcct and if fatigue cracl' grm·1th has occurred in the joint. 
The hole cutting ~ay have the beneficiDl effect of providing a crock arrest 
mechanism for the defective area. The cores \·;ould cnly constitute a red
uction of about 8 percent in the net section through the weld. The results 
of this flaw analysis will be extremely valuable ]n the understanding of 
the field problems being experienced with electroslag weldments. 
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The cores shall be rer.,oved by the contractor under the direct supervision 
. of Research Laboratory personnel. 

I tern 7: 

A corrosion problem on the box girders that needs to be remedied is tr.e 
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 b 1 as ted and c 1 eaned out to remove the corrosion products nm< 
present. This could be done by highway maintenance personnel and should 
not be attempted until the splicing contract has been completed. 

If any questions arise concerning the reasoning behind these recommendations, 
feel free to call. I have been working closely on this matter 1vith Messrs. 
S. Aj!uni and W. Turner and will give top priority to anything that I can 
do to be of assistance. 

JDC:lve 

Attachment 

cc: A. Vankampen 
D. F. Malott 
S. M. Aj I un i 
W. C. Turner 
~1. D. Bullen 
11. S. VanAuken 
G. R. Cudney 
P. Milliman . 
C. J. Arnoldi 
G. J. Hill 
G. L. Tink!enberg 

TEST! ~iG N\D RESEARCH DIVIS I ON 

ransportation Research 
Structur<!l ~jechanics G 
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YIELD(b) 

TABLE 1.5.4 

CHARPY-IMPACT REQUIREMENT(a) 
for 

FRACTURE CRITICAL !1ENBERS 

STRENGTH MINIMUM CVN-IMPACT (ft-1bJ (c) AT THE LAST(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 30 35 
over 60 to 70 30 35 40 
oVer 70 to 80 35 40 45 
over 80 to 90 40 45 50 
over 90 to 100 45 (e) (e) 
over 100 to 110 50 (e) (e) 
over 110 to 120 55 (e) (e) 

NOTES: (a) The CVN-impact testing shall be "P" (plate) frequency 
testing; when more than one flange or web is st~ipped 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. ~hg tract ~e 3~~8&~B~SQ vt ~bo rus~ PRill ~0 no 1 ?££ 

t:Ran 08 pea-cent shear (sse PbiiiDI A3 70 ""~5, h'oe.-tedEi;;J 2~.d A 1 ) 

.£ractprg apps-%'8FIGO jp ?Hj 61£0 specittt ..... li iB less lltctit 8S pELC811l ShEd£ 
{fibrous) 1 a zetusb shall be Ittade ana the ftac£ure dppeM&liCS elf 
eaqh pf the +brep retest spooht18H8 sflall eq::tal bl BUQQQQ tloie QQ ~CZCC.lt 

'"$hEaL IEqtliLeraeR-6 Ii @floe reles!:::: B!J8!!1!iff\SP!.8 fail ld ltt88l lhe !if~a;S"'i:Y::t:'8 

appearance, ASTM p2os tasting iS lt:!qdiied. 

(b) The yield strength is the value given in the certified MILL TEST 
REPORT. 

(c) Average of three (3) tests. If the energy value for more than 
one of the three test specimens is belm-1 the minimum average require
ment, or if the energy value for one of the three specimens is less 
than 75 percent of the specified minimQ~ average requirement, a 
retest shall be made and the energy value obtained from each of the 
three retest specimens shall equal or exceed the specified minimum 
average requirement. 

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

(e) Plate in excess of 2-inch thick shall not be used in FCI1s 
when the yield strength exceeds 90 ksi. 
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FIGURE 1.5.4.1 - ISOLINES FOR FIRST-PERCEJ-."TILE J.!INI!1UM 
TEMPERATURES, the basis for determining 
the lowest anticipated service temperature 
(LAST) for fracture critical members {FCMs). 
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OFFICE MEMORANDUM 

DATE: February 28, 1980 

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

FROM: C. J. Arnold 

SUBJECT: B01 of 70014- US-31 overS. Channel of the Grand River 
Research Project 80 Tl-641 

Sampling and analysis of steel from the subject structure hove 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 (Jlj Ciu. Red. of Elong. at Chorpy Impact Value (ft lbs at 40°F: 
(psi) (psi) Area,% Break,% 1 2 3 4 Avg. 

X, at Abut. A 43000 66000 66 41 72 43 59 45 55 

2 U, at Abut. A 41500 62000 69 42 179 112 199 115 151 

3 W, at Abut. B 45500 63000 70 44 222 111 239 191 

4 S, at 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 hove any 
questions concerning methods or results, please give me a call. 

CJA:cgc 

cc: A. VanKampen 
L. T. Oehler 

TESTING AND RESEARCH DIVISION 

C. J. Arnold- Supervisor 
Structural Mechoni cs Group 
Research Laboratory Section 

r··-. 
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OFFICE MEMORANDUM 

DATE: February 13, 1981 

TO: C. J. Arnold 
Supervisor, Structural Mechanics 

FROM: K. S. Bancroft 

SUBJECT: S02 of 82191, Woodruff Road over 1-75 
Research Project 80 Tl·-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 outside shoulder of 
northbound 1-75. These samples 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 5th interior beam from the south, north flange. 
#4 - 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, psi 
Y i e 1 d Point, min. , psi 
Elongation, in 2 in., min.% 

Sample No. #1 #2 

Tensile Strength, psi . 59,701 58,500 
Y i e 1 d Poi n t , min., psi. 4 1 1 542 38,500 
Elongation in 2 in. , % 43.5 36.5 
Red. of Area, % 68.3 71.0 

-39-

58,000 - 80,000 
36,000 

21 

Tensile Analysis 

#3 #4 

58,500 64,000 
38,250 41,750 

42.5 41.5 
71.8 69. 1 

#5 

57,750 
39,500 

42.0 
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. % 0.05 
Si 1 icon, % 0.15 - 0.40 

Chemical Analysis 

Sample No. #1 #2 !!l. #4 1!2. 
Carbon, % 0. 16 0. 17 0. 16 0.22 o. 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 o. 024 0. 011 0.027 
S i 1 i son, % 0.09 0.09 0.09 0.08 0. 10 

Cha rpy Data 

Sample No. #1 #2 !!l. #4. #5 

Average ft-lbs 
at 40°F 166 222 208 91 168 

The tensile analysis show that most of the samples met the m1n1mum tensile req
uirements based on ASTM A36 specifications. The tensile strength of sample no. 5 
was slightly lower than the minimum required. Sample no. 4 exhibited the highest 
tensile strength and yield point along 1vith the lowest Charpy value. 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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DATE: 

TO: 

OFFICE 

October 22, 1981 

R. C. Fuhr 
Design Division 

FROM: C. J. Ar no 1 d 

MEMORANDUM 

SUBJECT: Samp1 ing and Chemical Analysis of R01-82052 
Research Project 81 Tl-769 

As requested, samples have been removed and chemical analysis performed on 
the structural beams and bearing plates on R01 of 82052. These evaluations 
were made to determine the weldability of the structural steel used in the 
bridge. The analysis showed acceptabi 1 ity 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 R01 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 weldabil ity 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 weldabil ity: 

+ %Mn + %Ni + %Cr +. %Cu · ·%Mo · ·%v 
c ·E. = % c T 20 1 o 4o .,. 50 - 10 

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. If the 
welding required on the bearing plates is 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. 
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R. C. Fuhr - 2 - October 22, 1981 

The structural steel used in R01 of 82052, as indicated by all but one sample 
can be considered as being weldable without special precautions such as pre
heating or post heating. However, the personne 1 that per formed the s tee 1 
sampling indicated that there is considerable 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. 1 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. 

CJA: LJP: 1 ve 

cc: L. T. 
M. A. 
L. J. Pearson 
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DATE: 

TO: 

FROM: 

OFFICE 

May 2, 1983 

W. D. Bullen 
Design Division 

C. J. Arnold 

MEMORANDUM 

SUBJECT: Mechanical Properties of Bridge Steel Samples Removed from Structure 
B01 af 49023, US-2 over Cut River, Mackinac County 
Research Project 83 Tl-898 

Six steel samples were obtained from BOl 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 lb capacity MTS 
electrohydraulic machine with automatic print-out of the load-strain curve. Yield 
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 
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 
pointing the areas where the samples were removed. 

CJA·LJP:cgc 
Attachments 

cc: L. T. o'ehler 
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DATE: 

TO: 

FROM: 

SUBJECT: 

• OFFICE 

May 11, 1983 

W. D. Bullen 
Design Division 

C. J. Arnold 

• MEMORANDUM 

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 ~our 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 No. 2 North Span 

lOth 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 
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-2- May 11, 1983 

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. 

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

J. Rei 1 

. file ""' THIS COPY fOR\.., 
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OFFICE MEMORANDUM 

DATE: December 141 1983 

TO: L. T. Oehler 
Engineer of Research 

FROM: C. J. Arnold 

SUBJECT: Research Project 83 Tl-945 

Attached is a copy of the results of our investigation as reported to W. J. MacCreery 1 

Engineer of Design. 

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

CJA:cgc 
Attachment 

cc: M. L. O'Toole 
J. W. Reincke ;:!"'. ----, 

L J P ---• -···~ ~""" r~R •• earson&t_.~·.i:) •.n.h"l >J, .~ 

TESTING AND RESEARCH DIVISION 

.. ·~· 

~d-,,,.~;,;~ '"";"'" 
Structural Research Unit · 

-47-



OFFICE MEMORANDUM 

DATE: December 14, 1983 

TO: W. J. MacCreery 
Engineer of Design 

Ro K. A. Allemeier F M: 

SUBJECT: Sampling and Chemical Analysis of US-10 over B01 of 43022 (Baldwin 
River) and BOI of 67021 (Johnson Creek) 
Research Project 83 Tl-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 BOI of 43022, US-10 
over Baldwin River. Subsequently 1 we were also asked to evaluate the chemical properties 
of the structural steel in BOI of 67021, US-1 0 over Johnson Creek, for the purpose of 
determining weldability. Tensile and Charpy values were also requested for BOl 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. 

C • E • = %C + %M~ + %Si 

For BOI 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 carbcn 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. 

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

Specimen 

B-1 
B-2 
B-3 
B-4 

A7-33T 
A36-33 

Yield Ultimate 

41,000 psi 57,800 psi 
42,000 psi 57,000 psi 
40,100 psi 56,400 psi 
43,500 psi 58,000 psi 

ASTM SPECIFICATION REQUIREMENTS 

33,000 psi min. 
36,000 psi min. 
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60,000- 72,000 psi 
58,000 - 80,000 psi 

Elongation 

44% 
44 
35% 
44. 

24% min. 
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. Chorpy impact tests resulted 
in CVN values ranging from 85 ft-lb to :228 ft-lb, at 40°F. These values indicate this 
steel to be very ductile or tough. The structural steel used in BOI 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 BOI of 67021 1 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. I 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. 

KAA:LJP:cgc 

cc: M. L. O'Toole 
L. T. Oehler 
C. J. Arnold 
J. W. Reincke 
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DAT~: 

TO: 

FROM: -

SUBJECT: 

OFFICE 

December 13, 1984 

R. C. Fuhr 
Supervising Engineer- Bridge 
Design Division 

C. J. Arnold 

MEMORANDUM 

Sampling and Chemical Analysis of ROI of 58051-152050. 
US-24 over Ann Arbor Railroad 
Research Project 83 Tl-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 interest 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 +%Si 

The largest computed carbon equivalency was o;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 specifica
tion requirements for both ASTM A7-33T and ASTM A-36-33. 

Tensile specimens were tested to determine the yield and ultimate strengths of the structur:1! 
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 6th Beam from East Side c 42,900 psi 63,500 psi 44% 
North End of 9th Beam from East Side D 42,400 psi 64,000 psi 41% 

41,000 Avg. 62,000 Avg. 42% Avg. 

10% Reduction 36,900 psi 55,800 psi 
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A7-33T 
A36-33 
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ASTM SPECIFICATION REQUIREMENTS 

33,000 psi min. 
36,000 psi min. 

60,000- 72,000 psi 
58,000- 80,000 psi 

25% min. 
21% min. 

. __ _ 

Based upon the 10% reduction in values, one specimen failed to meet 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 decision to reuse the steel, and since our 
sampling was quite meager, we recommend a conservative approach. 

Charpy impact specimens were tested at 40°F to determine impact strengths. The results 
follow: 

SPECIMEN 

A B c D 

103 53 40 58 
204 27 28 35 
55 41 30 39 

36 42 
... 

27 

Average 121 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 ft-lb with the high being 58 ft-lb and the low being 27ft-lb. 

We investigated the structure for corrosion damage oaused by deck leakage and found several 
areas af section lass. The worst beam areas were generally within the first four to six feet 
from the headwalls. Other isolated areas af corrosion were noticed but could not be reached 
with the equipment available. Measurements of section lass were taken in both sound areas 
and corroded areas of typical beams using a micrometer and a 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 losses than those we measured; perhaps up 
to twice the I asses noted bel ow. . 

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 corroded, especially the rivets and anchor bolts/nuts which 
have significant section loss. The cross-members at the outside bents are severely corroded. 
Wlen comparing the corrison of this structure with ROI of 58052 (81 Tl-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 ore 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 as 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. 

CJA:LJP:cgc 

cc: M. L. O'Toole 
L. T. Oehler [ 
J. W. Reincke~, THIS COPY FOR 1-
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DATE: 

TO: 

FROM: 

SUBJECT: 

OFFICE 

June 5, 1984 

F. Russman 
Design Division 

C. J. Arnold 

MEMORANDUM 

Tensile and Chemical Analysis of 801-51021 
Research Project 84 Tl-979 

' ' < -· 

As requested, samples have been removed, tests performed and chemical 
analysis done on the structural beams of B01 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 801 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 

I -, : 

from the w~st end of the structure to supplement; fo,Ir (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 

44,000 
42,000 
44,300 
42,000 
42,500 
47.750 

· 43,800 Avg. 
39,400 Reduced 10% 
36,000 ASTH A-36 

Spec. 

Ultimate, psi 

62,000 
59,500 
65,700 
59,500 
61,800 
65,500 
62,300 Avg. 
56, 1 00 Reduced 
58,000-80,000 

10% 
ASTH A-36 
Spec, 

Elongation 

42% 
44% 
43% 
43% 
40.5% 
40% 
42% 

21% 

Avg. 

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 composltion 
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. \{e suggest a hole be drilled at the end of 
the cut to prevent further cracking of the flange. 

CJA: LJP: kl s 

cc: L. T. Oehler.., [nn~ COPY l'u•'• ~-

TESTING AND RESEARCH DIVISION 

~ C)- L.~~t..o-c.~-
Supervising Engineer 
Structural Research Unit 
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OFFICE MEMORANDUM 

DATE: February 6, 1985 

TO: R. C. Fuhr 
Design Supervising Engineer 

FROM: C. J. Arnold 

SUBJECT: Sampling and Chemical Analysis of S02 of 81041 I-94 over Wiard Rd. 
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, 
I-94 over Wiard Rd. Nine Sdmples were removed from the structure. These 
included the five locations specified by Design plus a few extras for better 
averaging. The locations are as follows: 

Sample No . Location 

1 East Bound Rwy. Beam IlK II 1' from Abut. A 
2 West Bound Rwy. Beam liB II 1' from Abut. c 
3 West Bound Rwy. Beam 11011 1' from Abut. D 
4 East Bound Rwy. Beam IIRII 1' from Abut. B 
5 East Bound Rwy. _ Beam IIQII 1'5" west of Pier #2 
6 East Bound Rwy. Beam IIRII 15" west of Pier #2 
7 West Bound Rwy. Beam IIHU 15" east of Pier #5 
8 West Bound Rwy. Beam ucn 15" east of Pier #5 
9 East Bound Rwy. Beam 11lu 15" east of Pier #2 

A sample from each location was submitted for chemical analysis. The fo 11 owing 
carbon equivalency formula was used to evaluated weldability. 

C.E. = %C + %MN + %S i 
4 

The highest computed carbon equivalency was 0.45, with the low 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 obtain 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 welding 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. 
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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: 

Sample 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Avg. 

Yield 
PSI 

37,000 
40,500 
38,000 
39,000 
40,000 
36,000 
38,000 
38,500 
35,000 
38,000 

A7-33T 
A36-33 

TEST RESULTS 
Ultimate Red. of Area 

PSI % 

61,000 
62,000 
64,500 
65,000 
60,500 
61,000 
61,000 
64,000 
58,500 
62,000 

66 
65 
65 
62 
68 
68 
67 
64 
65 
65 

Elongation 
% 

41 
41 
40 
40 
37 
41 
42 
41 
41 
40 

ASTM SPECIFICATION REQUIREMENTS 

33,000 PSI Min 60,000 - 72,000 PSI 
36,000 PSI Min 58,000 - 80,000 PSI 

10% Reduction 
Yield Ultimate 

PSI PSI 

33,300 
36,400 
34,200 
35,100 
36,000 
32,400 
34,200 
34,600 
31,500 
34,000 

24% Min. 
21% Min. 

54,900 
55,800 
58,000 
58,500 
54,400 
54,900 
54,900 
57,600 
52,600 
56,000 

Based upon the 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. All 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 impact tests resulted in CVN Values ranging from 14 ft-lb to 100 ft-lb, 
at 40°F. The average value was 43 ft-lb. 

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 then full length is a Category E 
detai 1. 

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. 

r-:::;~'
"' \~o;_;;-----

CJA:LJP:kat 
cc: L. T. Oehler 

J. D. Culp 
J. ~J. Reincke 

TESTING AND RESEARCH DIVISION 

C. J. Arnold, Supervising Engineer 
Structural Research Unit 
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5. Reports 

Project 75 F-146 Steel Sampling of 76 Structures 
Project 75 F-275 Steel Evaluation on Vehicle Damaged 

Structure I-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 furnished to the Re
search Laboratory by the Design Division. 

Samples were removed from the structures by a Testing and Research 
Division field crew 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 to the standard 0,505-in. dia
meter tensile bar. In the few cases, where the flange was too thin for the 
round specimen, flat plate specimens were prepared. A 2-in. gage length 
was used for all cases. Physical properties from the two types of test bar 
are comparable. • 

The specimens w·ere tested for yield and ultimate strength on the 
20,000-lb capacity MTS electrohydraulic machine, with automatic printout 
of the load-strain curve. Since there was a large amount of data, and the 
load-strain characteristics varied considerably, all yield strength data are 
reported at 0. 2 percent strain for the sake of uniformity. Some specimens 
exhibited a definite yield point "knee" that is somewhat higher than the value 
at 0.2 percent strain. The load-strain curves have been retained, so if 
there are specific sites where design calculations indicate critical or bor
derline values, the traces can be examined again before making a final de
termination. r .. 

The attached tables show the results of the evaluation to date, and are 
submitted for use 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 yield strength is comparable to the others. 

Samples were removed from the outside edges of the flanges, near the 
ends .of the beams. Therefore, the results of the tests are not directly 
comparable to the usual steel strengths reported by the steel companies, 
since their samples are removed from the web, as per the ABTM proce
dure. 

Limited experimentation here in the Laboratory has shown tha.t the 
yield strength may vary by"as much as 20 percent with location in the beam, 
and is lower in the central portion of the flange. Since the flange is the 
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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 
on structures. While the specimens tested 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. 

The scope of this project was expanded 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 F.ot yet complete, so no im
pact results are included at this time. However, preliminary results on a 
few structures show impact values of 50 to 150 ft-lb, which is considerably 
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. 

-.-.-; .. 

. ·.' .-~-- '.:. 
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Sample 
No. 

.1-3-1 

1-3-2 

1-3-3 

1-3-4 

1-4-1 

1-4-2 

1-4-3 

1-4-4 

Location of sample 

Chemical Composition, 
percent 

East end near' abutment, 
south bottom flange, second. 
beam from oorth~ 

East end near abutment, 
north bottom flange, third 
beam !rom north. 

East eal ooar abutment, 
south bottom flange, third 
beam from south. 

East erd near abutment, 
north bottom flAnge, secoid 
beam from south. 

West erd near abutment, 

0.12 

0.12 

0.16 

0.14 

south bottom flange, secord 0.14 
beam from north. 

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

West end near abutment, 
sruth bOttom flange,. third 
beam from south. 

West eod near ahutmeiJt, 

0.14 

0.15 

north bottom flange, secotd 0.15 
beam from south. 

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

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

East s p1n near abutment, 
south bottom flange, thixd 
beam from south. 

East span near abutment, 
north bottom flange, seoord 
beam from south. 

Single s IXln near abutmeot, 

0.26 

0.26 

0.26 

0.26 

south bottom flange, second 0.15 
beam from oorth. 

·single sran near abutment, 
north bottom flange, third 0.15 
beam from north. 

Single span near abutment, 
south bottom flange, third 0.15 
beam from south. 

Slngle span near abutment, 
north bottom flange, Secord 
~eam from south. 

0.15 

0.68 0.013 0.031 

0.68 0.013 0.032 

o.ao 0.018 0.035 

0.65 0.014 0.035 

0.75 0.013 0.039 

0.72 0.014 0.041 ,, 
0.73 0.015. 0.038 

0.75 0.012 0.037 

0.67 o.ou 0.026 

0.66 0.010 0.024 

0.65 o. 011 0.023 

0.65 0.009 0.026 

0.76 0.017 0.030 

o.n 0 •. 013 0.036 

0.74 0.014 0.030 

0.72 0.016 0.035 
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Yield 
Strength, 

l"l 

42,500 

44,500 

46,500 

41,500 

44,000 

42,000 

41,700 

44,000 

40,500 

44,400 

44,300 

44,500 

46,800 

44,000 

41,800 

42,800 

Mechanical Properties 

Ultimate 
Strength, 

l"i 

59,000 

'60,250 

63,000 

59,000 

61,500 

55,600.. 

59,800 

61,000 

69,000 

69,900 

69,200 

69,000 

61,700 

62,000 

61,200 

61,200 

Reductton 
of Area, 
percent 

72 

63 

70 

64 

70 

73 

69 

70 

• 

64 

63 

63 

63 

67 

67 

63 

69 

Elongation, 
percent 

46 

40 

43 

42 

42 

42 

44 

40 

38 

40 

40 

40 

38 

42 

. 
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Sample 
Location of Sample 

No. 

East en::i near abub:::tellf:, 
1-1-1 south bcttom flat:ge, second 

beam. from. co~ 

East end nen:t" abutmett, 
1-1-2 north bottoLD. ~e, third 

beam from I!.Orth. 

East etd cear ahut::::Lect, 
1-1-3 soutb. bottom fiat:ge, third 

beam from south. 

East er:d near ahut:rc.et:t, 
1-1-1 north bJttom fl~uge, secmxi 

beam from soutfi. 

West e!li near abutnet±., 
1-2-1 south bottom .fbnge, SecOrd 

beam from mrth. 

West e!:ICI. near abut::r::un::!:, 
1-2-2 110rth bottom ~e, t:hlJ:'d 

beam from nort!l. 

West ecd near ab1.l±:n:!act, 
1-2-3 scuth bottoo flange, third 

beam from south .. ~ 

West e:Jd. 1:ear abut..mat±, 
1-2-4 north bottom fl:lt:ge, secot:d 

beam from south .. 

East splo !!ear abutmer:t, 
.1-3-1 south. bottoo fl~s, secoal 

beam from wrth. 

East span ~-r abutr::.etlt, 
1-3-2 . DOrt!l bottoz::t fla.I!ge, t.birti 

beat::L from ~rth .. 

East span :::1ear abctmect, 
1-3-3 sooth bottoo flange, third 

beam fror:l south .. 

East span near abutz::lect, 
1-3-4 DOrth bottom fla~e, Secord. 

beam from south.. 

Single Sl)'ln l!aa:r ab~nt, 
1-1-1 SOI..>th bottom flange, secood 

· beac from oorth. 

Sir:gle span uar abut:::::.er:t, 
1-4-2 north bottom fla::ge, th.1rd 

beam from north. 

Single Spall L!ear ::tbtlt!:!.erl, 
l-4-3 south bottom flange, third 

beam !rom south. 

Single span cear abub:Lerl, 
1-4-4 north bottom fb:cge, secord 

!Jeam from soLrth. 

·• 

Chemical Compositiony 
percent 

c I Mn I p I s 

0.12 0.68 0.013 0.031 

0.12 0.68 0.013 0.032 

0.16 o.so 0.018 0.035 

. 

0.14 0.65 0.014 0.035 

O.H 0.75 0.013 0.039 

0.14 0.72 0.014 0.041 

0.15 0.73 o~ots_ \,~a. osa 

0 .. 15 0 .. 75 0 .. 012 0.037 

0.26 0.67 o.ou 0.026 

0 .. 26 0.66 0 .. 010 0 .. 024 

0 .. 26 0 .. 65 0 .. 011 0.023 

0 .. 26 0 .. 65 0 .. 009 0.026 

0.15 0.76 0.01~ 0 .. 030 

0.15 0.72 0.013 0.038 

0.15 0.74 0.014 0.030 

0.15 0.72 0.016 0.035 

-66-

Mechanical Propertfes 

Yield Intimate Reduction 
Strength, Strength, of Area,. 

"'' "'' p.aree!:!t. 

42,500 59,000 '12 

44,500 -so,2so 63 

46,500 63,000 70 

41,500 59,000 S4 

44,000 61,500 70 

.. 
42,000 551600- 73 . 

.. 

41,700 : 59,800 69 

44,000 61,000 70 

• 
. 40,500 69,000 S4 

44,4.00 69,900 63 

44,300 69,200 63 
.. 

44,500 69,000 63. 

46,800 61,700 67 

: . 
.. 

44,000 62,000 67 .. . 
. . 

41,300 61,200 63 

. 
42,800 . 61,200 69 

Elo~""!ltion, 

percent 

46 

40 

43 

44 

42 

42 

42 
. . 

'" 

40 

. 
38 

., 
40 

40 

40 
.. 

38 

.. 
44 

.. 
42 

. 

. 

' 

' . 
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Sample 
No. 

1-5-1 

1-5-2 

1-5-3 

1-5-4 

2-2-1 

2-2-2 

2-2-4 

2-3-1 

2-3-2 

2-3-3 

2-3-4 

Location of Sample 

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

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

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

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

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

South span near abutment, 
west bottom flanga, third 
beam from west •. 

South sfXl.n near abutment, 
east bottom flange, third 
beam from east. 

South sp1n near abutment, 
west bottom fla~e. second 
beam from east. 

East er.d near abutment, 
south bottom fl.a~e, second 
beam from north. 

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

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

East eid near abutment, 
north bottom flange, Secord 
beam from south. 

West span near abutm.ent, 
south bottom flange, secord 
beam from north. 

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

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

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

Chemical Composition, 
percent 

0.13 0.55 0.011 0.041 

o.ts 0.58 0.022 0.039 

0.13 0.56 0.010 0.045 

0.13 0.54 0.011 

0,16 0.68 0.010 . 0.024 

0.16 0.59 0.022 0.032 

0.16 0.67 

o.ts o.6a 0.014 0.035 

0.17 0.61 o. 012 o. 037 

0.20 0.65 0.010 0.032 

0.17 0.64 0.010 0.044 

0.17 0.65 0.009 0.040 

o.1s 0.62 0.010 0.022 

0.15 0.61 0.009 0.022 

o.1s 0.62 o.ou o.o22 

0.15 0.61 0.010 0.025 
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Yield 
Strength, 

psl 

40,100 

42,500 

41,000 

41,600 

42,800 

38,800 

39,300 

37,400 

44,700 

45,500 

43,500 

46,500 

32,500 

33,000 

33,000 

33,300 

Mechanical Properties 

tntimate 
Strength, 

psl 

56,400 

so, 700 

55,700 

56,500 

61,700 

59,200 

60,700 

59,100 

62,300 

63,500 

62,000 

62,500 

54~500 

54,500 

55,000 

55,200 

Reduetlon 
of Area, 
Percent 

63 

62 

64 

_63 

68 

66 

68 

67 

68 

66 

66 

65 

70 

72 

70 

70 

Elongation, 
percent 

43 

44 

48 

40 

40 

42 

43 

43 

41 

45 

46 

46 



Chemical Composition, Mechanical Properties 

Sample 
Loeatton of Sample percent Yteld li'ltlmate Reduction 

No. Strength, Strength, of Area, Elongation, 

c I Mn -, p I s psi psi percent percent 

West etd nea~ abutment, 

" 
2-4-1 south bottom flange, secoo:l 0.21 0.74 0.009 0.021 40,500 63,000 68 42 

0 beam from north. 0 '. ·-0 0 • West end near abutment, 
~0::::4.00 
c-1:=1:11= 2-4-2 north bottom flange, third 0.20 0.62 0.009 0.025 41,300 61,200 66 42 ~~::~~ beam from north .. C'1- :G ~ 
.... '5' 0 ~ 
0::::; :a s West end near abutmert, 
t:l ,. ... c 

2-4-3 south bottom flange, third 0.20 0.62 0 .. 011 0.022 39,000 60,500 66 43 ao'"'.:= 
~'~ ~ beam from south. 

-· 

.. 
"' :g West end near abutment, 

2-4-4 north bottom flange, second 0;.20 0.73 0.009 0.020 41,200 62,800 61 42 
beam from south. 

East etd near abut:nent, ' 
e~ 

2-5-1 south bottom fl.a.nge, secotd 0.19 0.62 0.012 0.026 39,000 62,000 66 41 
0 0 beam from north. 
'2 ~. 
-:;;-,: East etrl near abutmert, ' '<f';::'o 

~~c,$ 2-5-2 north bottom flange, third 0.20 0.63 0.013 0.022 38,000 62,000 68 42 .... ,g,-o beam from north .. 
:;;:~~ 
0 .... s s .East erd near abutment, 

.. , 
(l:)s.o..., 

2-5-3 south bottom fl~e, third 0.20 0.64 0.014 0.019 38,000 61,500 65 42 ~ g • 0 

~"' beam from south. -"' ~ 
"' > East erd near abutment, 

"'"' 2-5-4 north bottom flange, second 0.19 0.62 0.013 0.019 38,500 62,000 68 44 
beam from south. 

West span near abutment, 
0 2-tl-1 south. OOttom flange, second 0.18 0.55 0.011 0.036 36,500 59,000 66 .44 

0.0 
• 0 beam from north. ~" ... ~ 

West span near abutment 9 
0. 

'""'.?;t<l 
g~'O 2-.6-2 north bottom fla~e, third 0.22 0.66 0.028 0.038 42,000 65,500 65 40 
;1] .... beani from north. -·- -.... o'S 
0 ~ ;1: West span near abutment, 
"' • -= 2-6-3 south bottom flange • third 0.18 0.55 0.012 0.033 37,800 57,700 66 42 ~~~ 

0 ~ beam from south. 
"' . West sPan near abutment, M 0 

;:;"' e 2-tl-4 north bcttom flange, secor:d 0.21 0.64 0.028 0.038 ' 41,800 63,700 64 38 
beam from south. 

North end near abutmert:, 
2-7-1 east bottom flange, seconi 0.22 0.58 0.013 0.024 37,500 61,500 65 41· ... beam_ from west. 

~~ 
-"~ North elXi near abutment, 
"' -o 0 2-7-2 west bottom flange, third 0.22 0.57 0.010 0.024 37,500 61,500 65 42 
~'E.~ o> < beam from weat. 
~"0 
0 k 0 North end near abutment, .. 

. ~ ~ 'g 
2-7-3 east bottom flange, third 0,.22 0.58 0.009' 0.022 40,000 62,500 62 42 l=lo::: 

:;; = beam from east • ., .. .. 

"'"' North end near abutm.er:t, • 
2-7-4 west bottom flange, seconi 0.22 o.se 0.010 0.021 38,500 61,500 64 40 • 

beam from east. 
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Chemical Composition, 
Mechn.nlcal Properties 

I 

Sample Loc:::ation of Sample per.cent Yield Ultimate Reduction 
No. Strength, Strength. of Area, Elon,o-ation, 

c1 Mn 1 p I s !Bi !Bi percent percent 

M East erd near abutment, 
·~ 2-8-1 south bottom flange, second 0.19 0.66 0.014 0.021 40,000 62,500 66 ,_ 41 
"- beam from north. """' .,_ 
0 0 East end near abutment, 

~a~ o.o09 0 "d 2-8-2 north bottom flange, third 0.18 0.67 0 .. 020 40,800 62,200 68 44 
~"'. 
:. -;;; 'g beam from north. 
0 0-

~ ~ e East erd near abutment. 
;oo., 2-8-3 south bottom flange, thinl 0.18 0.68 0.011 0.020 40,000 63,000 66 40 

i;ui beam froril south. 
~" ~ 0 East erd near abutment, ::;.2: 

"' 2-8-4 north bottom flange, Secord 0.19 0.67 0.012 0.021 43,300 62,700 68 42 
beam from south. 

Span 2 near pier 2, 

'11,. 2-9-1 south bottom fl:lllge, second 0.23 0.60 0.013 0.025 33,500 63,000 64 40 

e- beam from north • .,-
"::; Span 2 near pier 2, -"' ~~'S 2-9-2 north bottom flange, third 0.22 0.65 0.025 0.031 36,300 63,700 62 39 

C)_ ...... beam from northa ~ ... " 
'Q g ~. Span 2 near pier 1, _,. 

'0.025 0 "0 2-9-3 north bottom fl..ange, third 0.23 0.60 0.014 33,800 63,200 68 38 
><~~ beam from south. 

Q 

~"! Span 2 near pier 1, 
.,~ 

" 2-9-4 north bottom flat:!ge, second. 0.24 0.60 0,015 0.026 35,100 62,900 -63 42 
beam from south. 

North erd near abutment, 

" .?: 3-l-1 west bottom flange, secotxi 0.16 o.6l 0.018 0.027 37,500 57,000 61 44 

"' 
beam from east. 

~ North erd near abutment, 
;;~ 0 3-1-2 east bottom flange, third 0.16 0.66 0.013 0.020 37 ,ooo 57,500 69 43 
~ s ~ beam from east. 
-~:::: 
0 Q Q North end near abutment, .-!'a Ill 
0- Q 3-1-3 west bottom flange, third 0.16 0.61 0.011 0.032 38,000 56,000 70 45 ... -0 beam from west. > 

Q 
. 

~ North end near abutment, 
~ 

::; 3-l-4 east bottom :t1ange, secorrl 0.15 0.61 o.ooa 0.028 37,500 56,000 69 43 
beam from west. 

North end near abutment, 

"" 3-2-1 east bcttom flange, second 0.13 0.67 0.013 0.024 40,100 57,400 66 43 
0 
Q • beam from west. 
d " 

I 

"d .a- North end near abutment, --"" c-::t~ 3-2-2 west bottom flange, third 0.15 0.72 0.010 0.021 42,600 59,900 69 43 
gg-;: beam from west. - . ~ " > 0 0- North erd near abutment, 
'3~~ 
~~8 3-2-3 east bottom flange, tliird 0.15 0.71 0_.014 0.020 40,000 59,000 '11 42 

"' 0 beam from east. • 
d .. ., 

~ 0 North end near abutment, , .. 
" 3-2-4 west bottom flange, second o.13 0.66 0.010 0.024 39,500 57,500 69 44 

beam from east. 
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Sample 
No. 

Location of Sample 

South span near abutment, 
3-3-1 east bottom flange, second 

beam from west. 

South span near abutment, 
3-3-2 west bottom flange, third 

beam from west. 

South span ilear abutment, 
3-3-3 east bottom flange, thixd 

beam from east. 

South span near abutment, 
3-3-4. west bottom flange, secotxl 

3-4-1 

3-4-2 

3-4-3 

3-4-4 

3-5-1 

3-5-2 

3-5-3 

3-5-4 

3-6-1 

3-6-2 

3-6-3 

3-6-4 

beam from east. · 

East erd near abutment, 
south bottom Bange, secord 
beam from north. 

East en:l near abutment, 
north bottom flange, third 
beam from IXlrth. 

East-errl near abt%ment, 
sooth bottom fla~e, th1rd 
beam from south. 

East en::l near abutmet:Jt, 
north bottom flange, secotxi 
beam from sot:th. 

West span near abutment, 
south bottom flar:ge, secotxl 
beam from oorth .. 

West span near abutmec:t, 
north bottom Qange, third 
beam from no:r+..h .. 

West span near abutment, 
south Cottom flat:ge, third 
beam from south. 

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

West span near abutment, 
south bottom flat::ge, fourth 
beam from north. 

West span near abutment, 
north bcttom .flange, f'ilih 
beam from north. 

East span near abutment, 
south bottom flange, fourth 
beam from south. 

East span near abutment, 
south bottom flange, fifth 
beam from south. 

Chemical Cop1posit1on, 
percent 

0.14 o. 76 o. 023 o. 024 

o.t4 o.ss .o.o1o o.o2o 

0.17 0.82 0.013 0.021 

o.14- o.G9 o.oll o.o19 

0.16 0,74 0.013 0.018 

0,14 0.76 0.012 0.025 .. 
0,16 0.73 0.011 0.020 

0.16 0,71 0.012 0.021 

0.15 0.70 0.010 0.021 

0.14 0.76 0.012 0.024 

0.14 0.69 0.009 0.027 

0.14 0.69 0.010 0 .. 028 

0.14 0.63 0,013 0.024 

0.13 o.ss 0.013 0.024 

0.13 0.66 0.013 0.016 

0.14 0.70 0.014 0 .. 018 
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Yield 
Strength, 

p;;( 

44,000 

42,000 

44,300 

42,000 

38,500 

36,300 

38,100 

36,500 

41,800 

40,000 

45,000 

43,000 

Mechanical Pro~rties 

Ultimate 
Strength, 

p;;l 

59,500 

65,700 

59,500 

59,000 

57,200 

58,900 

59,000 

61,200 

59,000 

61,000 

59,500 

Reduction 
of Area, 
percent 

71 

75 

72 

70 

69 

70 

69 

68 

70 

72 

70 

-- . 72 

40,800 59,200 69 

43,000 60,000 71 

42,000 60,000 68 

. .... __ ··_. ·, 

49,000 64,000 68 

Elongation. 
percent 

42 

.44 

43 

43 

43 

50 

44 

43 

44 

44 

44 

44 

46 

43 

40 

•. 



.. 

·.j 

Sample 
No. 

4-2-1 

4-2-2 

4-2-3 

4-2-4 

Location of Sample 

Chemical Composltion, 
percent 

cJ:.rniPis 
West eni near abutment, 
south bottom flange, second 0. 22 
beam from nOrth. 

West end rear abutment, 
north bottom flange, third 0.22 
beam from north .. 

West end near abutment, 
sooth bottom flange, thixd 0.22 
beam from south .. 

West en:i near abutment, 
north bottom flange, second 0.22 
beam from south. 

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

West er:d near abutment, 
north bottom flange, third 
beam from north. 

West erd near abutment, 
south bottom flar:ge, third 
beam from south. 

West end near abutmetit, 
north bottom flange, Secord 
beam from south. 

West span near abutment, 
sooth bottom flange, secorxl 
beam !rom north. 

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

West span near abutment, 
D.or..b. bottom flange, seconi 
beam from south. 

Span 3- tear pier 2, 

0.18 

0.19 

0.23 

0.23 

0.22 

0.22 

0.21 

north bottom flange, secorxl 0.20 
beam from north. 

Span 3 near pier 2, 
south bottom flange, third 0.19 
beam from north. 

Span 3 near pier 2, 
north bottom flange, secord 0.18 
beam from south • 

0.75 0.022 0.025 

0.73 0.018 0.028 

0.76 0.020 0.027 

0.75 0.023 0.027 

0.61 0.021 0.036 

0.66 0.014 0.037 

0.76 0.014 dZ041 

0.70 0.018 0.040 

0.65 0.005 0.023 

0.63 0.004 1).025 

0.72 0.003 0.021 

0.67 0.003 0.019 

0.72 o.oos 0.018 

o. 70 o.oos 0.018 
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Yield 
Strength, 

"'' 

40,500 

38,700 

41,800 

37,!300 

39,000 

42,000 

40,300 

41,500 

41,000 

43,000 

44,300 

44,500 

42,500 

Mechanical Properties 

Ultimate 
Strength, 

psi 

65,500 

66,000 

64,800 

66,700 

57,700 

60,000 

66,000 

63,700 

64,300 

64,000 

66,000 

63,200 

64,000 

63, 000 

Reduction 
of Area, 
percent 

65 

64 

62 

62 

66 

64 

64 

65 

64 

67 

70 

69 

70 

Elongation, 
percent 

40 

40 

41 

40 

44 

42 

45 

41 

41 

42 

42 

44 

39 

42 

. .. 
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Sample 
Location of sample 

No. 

West span near abutment, 
4-5-1 south bottom ilange, secon:i 

beam from north. 

West span near abutment, 
4-5-2 north bottom flange, third 

beam from north. 

West span near abutment, 
4-5-3 south bcttom flange, third 

beam from south. 

West span near abutment, 
4-5-4 DOrlh bottom flange, secotd 

beam from south. 

North end near abutment, 
5-1-1 west bottom fl.:lnge, third 

beam from east. 

North end neal' abutment, 
5-1-2 east bottom :tlange, fourth 

beam from east. 

North end near abutment, 
5-1-3 . west bottom flange, fourth 

beam from west. 

North end near abutmett. 
5-1-4 east bottom flange,. third 

beam from west. 

West end near abutment, 
5-2-1 scuth bottom flange, second 

beam from north. 

West end near abutment, 
5-2-2 north bottom flange, third 

beam. from north • 

West en::l neal' abutment, 
5-2-3 south bottom flallge, third 

beam from south. 

West end near abutment, 
5-2-4 north bottom flat!g'e, secoOO 

beam from south. 

West end near abutm.ent, 
5-3-1 south bottom flange, secon:i 

beam from north • 

West end near abutment, 
5-3-2 north bottom flange, thixd 

beam from north. 

West end near abutmett, 
5-3-3 south bottom fla-cge, third 

beam from south. 

West end near abutment, 
5-3-4 north bottom flange, secord 

beam from south. 

Chemical Composition 
Mechairl.cal Properties 

percent Yield tntimate Reductlon 
Strength, Strength, of Area, Elongation. 

c T Mn I p I s psi psi percent percent 

0.17 0.65 0.006 0.026 39,700 62,300 68 42 

0.21 0.54 o.oos 0.020 40,000 63,500 64 41 

0.18 0.65 o.oos 0 .. 020 38,000 62,000 67 41 

0.18 0.66 0.007 0.028 39,500 62,000 66 44 

0.18 0.56 0.005 0.025 44,200 60,800 70 38 

0.17 0.56 0.011 0.025 43,500 60,500 66 44 

•• 
0.17 0.58 0.007 0.022 . 43,000 60,500 68 42 

0.17 0.56 0.005 0.026 40,500 60,500 70 44 

0.18 0.66 0.012 0.031 39,800 58,200 65 45. 

0.20 o.6a 0.009 0.042 40,000 61,500 65 42 

0.18 0.65 0.008 0.034 37,500 59,000 66 42 

. 

0.17 0.63 0.007 0.033 41,500 58,500 67 42 

-
-

0.21 0.68 0.018 0.045 41,400 61,600 63. 40 
. . 

-.,;_ 

0.22 0.71 0.036 o.oso 40,800 58,700 63 41 

0.23 0.73 0.036 0.050 43,000 67,000 64- 38 

0.19 0.63 0.022 0.044 40,800 62,200 65 41 
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Chemical Compositio~ 
Mechanical Properties 

Sample Location of Sample perQeDf: Yield Ultimate Reduction 
No. Strength, Strength, of Area, Elongation, 

c I Mn I p I s psi psi percent percent 

West em near abutment, 

-" 
5-4-1 south bottom flange, secord 0.21 o. 71 0.010 0.030 40,000 62,000 70 42 . ., beam from north • . ., 

<;::; 
West em near abutment, 

fJ~'Q 5-4-2 north bottom flange, third 0.20 o.ss o.ooa 0.026 42,500 63,000 66 44 Q • 

~-- beam from north. Mo. 
'O!:cg 
g ~ ~ East end near abutment, 

~~s 5-4-3 south bottom flange, third 0.20 0.70 0.011 0.023 41,000 63,000 66 43 
~., 

beam from south. 
N • 

::;" East end near abutment, 
5-1-1 north bottom flange, second 0.20 0.65 0.007 0.027 42,000 62,500 66 42 

beam from south. . 
Span 3 near pier 3, 

1! 5-5-1 south bottom flange, second 0.24 0.60 0.014 0.025 41,500 69,000 60 38 
d • beam from oorth • 
-:13 
Q > Span 3 near pier 3, 

~·· "'"' - 5-5-2 nor ...b. bottom flange, third 0.25 0.60 0.016 0.029 40,500. 69,000 59 39 Q - • 

~=a beam from north. 
~co . .,_ 

Span 3 near pier 3, 
~""' ~~~ 5-5-3 south bottom flange, third 0.17. 0.55 0.013 "'018 41,500 60,500 59 34 
>~ beam from south. .... 
;:::a Span 3 near pier 3, 
::; 5-5--1. north bottom fl.atge, second 0.18 0.55 0.017 0.015 42,000 61,500 64 32 

beam from south. 

"' 
North end nea:r abutmeiJt, 

g 5-6-1 east bottom flange, second 0.17 0.62 0.030 0.042 36,000 57,500 67 44 
~0 beam from west. 
~2 North end near abutment, 

c:i';; o- 5-6-2 west bottom flange, third 0.18 0.64 o.oss 0.046 36,200 59,800 68 40 
g := 'Q beam from west. 
~"'-
Q " North end near abutment, N. 0 

Q 0 0 
.:::1 ~ 'ZI 5-6-3 east bottom flauge, third 0.17 0.63 0.032 0.046 37,500 59,000 68 44 
~] beam !rom east. 

~s North end near abutment, 
~ 5-<;-1 west bottom flange, second 0.17 0.63 0.031 0.046 34,000 57,000 68 41 .; 

beam from ea.':lt. ' 
West end near abutment, 

5-7-1 north bottom flange, secotxl 0.14 0.61 0.012 0.037 36,500 55,500 72 46 
~;;! beam from north. 
f::l West end near abutment, .... 0 .... 0 

~ 0. 5-7-2 south bottom flange, third 0.17 0.79 0.018 o.oso 48.300 66,700 69 37 g'E .... ~ 
r;-::rg- beam from north. 
'O~~q 

West end near abutment:, M ~ 'g ;:i 
~~::::8 5-7-3 north bottom flange, third 0.14 0.62 0.012 0.044 39,000 57,500 70 45 

"' s beam from south • ..... 
::; . 

"' West end near abutmeiJt, 
5-7-1 south bottom fl.s.nge, second 0.13 0.62 o.ou 0.035 40,500 55,500 72 .46 

beam from sruth. 
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Sample Location of Sample 
No. 

Span 2 near pter 1 1 

5-8-1 south bottom il.a:cge, second 
0 "d g beam from north. - _. -: 
,.~ 

Span 2 near pier 1, ~-=>. 
;;;:S~ 5-8-2 north bcttom '".Q.?.~e, third 0 ~ ;l :::1 
t'o 0 ~ 0 beam from north • 
.... ... 'II t,.) 
Q.;? 'JI d 

Span 2 near pi.er 1, c;~-=~ 
7J :::1 -;: 9 S-8-3 south bottom flal:ge, third 
0--

~~~ beam from south. 
.;;:;, 

Span Z I!ear pier 1, 
5-8-4 north bottom flar::ge, second. 

beam from south. 

Sl.ng:le span near abutment, 
6-1-l south bottom. flange, second 

"' beam from north. 0 ~ -g :;;! -;;: 

d--•-;: Single span near abutment, 
N ..:::~a· d 
~~~v.i 6-1-2 north bottom fl:u:;e, third 

~8';:"0 
beam from north. 

0 • 0- Sl.n:gle span near abutment, 0 > • 
~ ~ 2; 6-1-3 south bottom flange-, third-. 
:::l.;r, ~ 5 beam from south. 

C\1 :: a :g-:::1 Single sp::1.n near abutment, 
6-1--1 llOrth bottom flange-,. secood 

be3.m from south. 

South eni near abutment,. 
6-2-l east bottom flange, second ,_ 

0 0 
beam from "9.-est. 

o-•• South er:d. near abutmect. -{.):; . 
.... - 3: 0 6-2-2 west bottom flar:ge, third 
g~~== beam fror::t west. 
'OOi£ 

Sm::th eirl ooar abl.tment. - ~ 3 Q 
0 ;:. - >. 6-2-3 east bottom flar:ge, third 
:::~s~ beam !rom east. 
~,_ 

::;:..; South end near abt::ment. · 
6-2-4 west bottom flarge. gecoai 

beam from east. 

Chemical Co.mposition. 
percent 

c l Mn I p I s 

0.26 0.47 0.014 0.029 

0.26 0.48 0.010 0.024 

0.26 0.46 0.012 0.027 

0.28 0.46 0.013 0.025 

0.22 o.ss 0.009 0.041 

0.22 0.57 0.012 0.039 .. 
0.20 0.53 0.010 0.038 

0.21 o.5a 0.012 0.040 

0.18 0.86 0.016" 0.045 

0.16 0.83 0.016 0.044 

0.12 0.56 0.010 0.041 

0.17 0.85 0.016 0.045 
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Mechanical Properlles 

Yield Ultimate Reduction 
Stret:gth, Strength, of Area, 

psi psi percent 

47,800 68,500 56 

37,900 66,200 54 

38,400 65,800 54 

46,400 66,800 54 

35,500 60,500 61 

36,500 60,000 64 

34,500 58,000 65 

40,soo· 60,000 64 

46,500 64,000 69 

43,800 63,200 69 

49,500 64,000 66 

45,300 64,200 69 

Elon.:,<YD.tion, 
perceri 

28 

32 

36 

35 

41 

42 

42 

40 

42 

42. 

41 

40 

·-

; 

' 
: 
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Chemical Composition., 
Mechanical Properties 

Sample Location of Sample percent Yield Ultimate Reduction 
No. Strength, Strength, of Area, 

Elongation, 

c J Mn I p I s ps! psi perce11t 
percec.l: 

Span 2 near pier 1, 

• 6-3-lC oorth bottom cover plate, 0.24 0.53 0.008 0.030 40,300 65,500 55 37 
second girder ·from north. 

Span 2 near pier 1, · •. 

6-3-20 north bottom cover plate, 0.24 0.52 0.007 0.028 42,100 64,800 59 37 
third girder from north. 

~~ 
Span 2 near pier 1, 

6-3-30 north bottom cover plate, 0.24 0.53 o.ooa 0.029 40,500 64,500 60 38 
So third girder from south. 

"'"' ~ .. = Span 2 near pier 1, 
M~;:::::j 

6-3-40 oorth bottom cover plate, 0.24 0.53 0.007 0.030 41,000 64,800 57 36 g;t,s 
0"" second girder from south. · 
-oo 
0 > > 

Span 210ft: from pier 1, ~~E 
"'~ ~ 6-3-lF north bottom flange, second 0.24. 0.57 0.02!>. 0.037 40,100 64,400 58 40 

:02 girder from north • 
.. -ro .. " Sptn 210ft from pier 1, ~, 

::; 6-3-2F north bottom flange, third 0.23 o.sa 0.026 0.034 39,000 63,700 59 38 
girder from north. 

Span 2 10 ft from pier-!, 
6-3-3F north bottom flacge, third 0.25 0.57 o •. ozs 0;...1)39 39,400 64,800· 58. 41 

girder from south. 

Span 2 10 ft from pier 1, 
6-3-4F north bottom flange, second 0.23 0.59 0.026 . 0.036 39,700 64,000 58 37 

girder from south.. -

Span 2 near north abutment, 

" 6-4-1 east bottom fiat!ge, secotld. 0.17 0.62 0.014 0.030 39,500 61,.500 65 38 
Q 
> beam from west. 
E 

~~~ 
Span 2 near north abutmenf:, 

6-4-2 west bottom flange, third 0.17 0.56 0.011 0.034 41,300 60,700 67 42 
0 " • beam from west. 2~5 
-~~ 
.:~2 Span 2 near north abutment, 

0 " 6-4-3 east bottom flange, third 0.16 0.55 0.014 0.034 43,500 61,500 66 34 " , = >- beam from east. Q 

~ 
Span 2 near north abutm.enf:, ~ 

::; 6-4-4 west bottom flange, second 0.15 0.61 0.016 0.032 42,000 60,000 67 44 
beam from east. 

Single span near abutmert, 
.... 6-5-1 east bottom flange, second 0.19 0.70 0.026 0.031 37,500 61,000 64 42 , 
o" beam from west • ... 
o::; 

Single span near abutment, ::: §' "0 
0 ::'~ 6-5-2 west bottom flange, third 0.23 0.76 0.014 0.025 41,500 64,000 66 39 
1001! beam from west. e-~2}o 
"Q ... = Single span near abutment, "~ 
~ " 0 6-5-3 east bottom flange, third 0.22 0.71 0.011 0.024 40,500 64,000 . 66 41. ;ao::: 
..... b s beam from .east. 
n~ 

i~ Single span near abutment, 
6-5-4 West bottom flange. second 0.22 0.74 0.011 0.026 42,000 64,500 65 41 

beam from east. 
[,'" 

i. 
• 

-75-



Chemical Composition, 
Mechanical Properties 

Sample I.oca.Hon of Sample 
percent Yleld mumate RedUction 

No. Strength, Strength, of Area, Elon.,cratlou, 

c I Mn I p I s psi psl percent percent 

West span near abutment:, 

"" 0 
6-6-1 south bottom flange, second 0.20 0.67 0.020 0.032 45,000 66,000 65 40 

"~ beam from riorth • 

... E~ West span near abutment. 
~f,., .... 
o.:::o 6-6-2 north bottom flange, third 0.20 0.67 0.016 0.034 44,000 65,000 65 40 
~.5-a beam from north. 
~"" 0 <:) g 

West span near abutment, ~] ~ 
"''- 6-6-3 south bottom flange, third 0.21 0.64 0.014 0.025 42,000 66,000 66 42 

;JS beam from south.-
"lO West span near abutment, "' . ~ 

6-6-4 north bottom flange, second 0.21 0.63 0.014 0.027 43,500 66,500 66 42 
beam from south ... 

South span near abutment:, 
G-7-1 east bottom flange. second 0.22 0.58 0.014 0.025 38,300 61,700 65 43 

•"' beam from west • . ~ 
.::~ South span near abutment, 

~"-~- Q 6-7-2 west bottom flange, third 0.22 0.57 0.014 0.024 37,500 62,000 66 ... 
~;5::: 
r-~s beam from west. 
"0 ~:XI South span near abutment, ~ > • 
OQ~ 6-7-3 east bottom fla.nge, third 0.21 o.ss 0.016 1'0.020 40,000 61,500 67 40 
~:: a beam from east. 
~"! 
~ 

-
South span near abutm.ent, 

6-7-4 weo-t bottom flar:ge, secord 0.21 0.57 0.013 0.024 40.500 62.500 65 42 -
beam from east. 

0 Span 2 near pier 1, e 6-8-l east bottom fla~e. second 0.23 0;.56 0.014 0.029 .39,100 63,900 64 42 
"Co beam from west. 
-~ 
~~ Span 2 near pier 1, " -o~ 6-8-2 west bottom flange, third 0.22 0.55 0.011 0.026 42,000 64,000 63 40 §=~ 

:']:::1_. beam from west. :::g 
0 0 m. Span 2. near pl.e:r 1, 
~ ". 0:::: 0 6-8-3 eaat bottom flange, third 0.23 0.55 0.013 0.022 40,500 64,500 60 39 
.:1. .... ::::;:: 

" 0 beam from east .. . -
>~ 

Span 2 near pier 1, Q • 
M~ 
~ 6-8-4 west bottom fla:cge 1 Secord 0.23 0.55 o. 016 0.033 40,600 64,900 63 40 
~ beam !rom east. 

Oil Span 2 near pier 1, 

il'~ 6-9-l south bottom flange, second 0.21 0.68 0.008 0.023 59,700 73,100 63 34 

;;;~ 
beam from north. 

.~ . Span 2 near pier 1, • 0 
~.,- 6-9-2 south bottom flat:ge, third 0.21 0.62 o.ooa 0.020 43,100 64,400 67 .. 39 
;; § i beam from north. 

~~~ Span 2 nga.r pier 1, -"' . 6-9-3 south bcttom. fla~e, third 0.22 0.60 o.oo8 0.022 42,000 64,000 66 42 0 
ttl o"' ~ beam from south. 
~= .. 

"' E 
"'o Span 2 near pier 1, 
~ .. ~ 6-9-4 south bcttorn flange, second 0.21 0.57 o.ooa 0.022 43,000 63,500 67 42 
~ beam Cram south. -

! 
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Chemical Composition, 
Sample Location o£ Sample percent 

No. 

C T Mn T T p s 

• i! Span 2 near pier 1, 

• 6-10-1 sOOth bottom flange, second 0.19 0.67 0.016 0.025 
• • Q 

beam from north • .. ~ 
";::l< 

~ 0 ~ Span 2 near pier 1, 
~";lo 6-10-2 north bottom flange, third 0.21 0.69 0.015 0.027 ;;;-= beam from north. ~:'1::l 
~NO 
o.,• Span 2 near pier 1, 
M=>• 
Q 0 6-10-3 south bottom flange, third 0.20 0.69 0.015 0.026 
"' •0 Q - beam from south • ~" 

. • 
a>m 
:::o S~n 2 near pier 1, 
~ 6-10-4 north bottom flange, second 0.19 0.68 0 .. 013 0.026 .. 

beam from south. ~ . 

-a South erid near abutment, 
Q 6-11-1 east bottom flange, second 0.18 0.68 0.014 0.020 
~;: beam from west .. 

E:l< South end rear abutment, 
..t=~ 6-11-2 west bottom fb:oge, third 0.19 0.70 0.016 0.018 ~ ~-= 
~.&8 ·beam from west. 
~ , m 

South et!d near abutment, Q 0 

" g{)~ 6-11-3 east bottom flange, third o,19 o-.69 0.010 0.022 
~ ~ s beam from east. 
>~ 
0 • South erd near abutment, MQ 
m 6-11-4 west bottom flange, secotxi ·o.ls 0.68 0.013 0.020 
:l< beam from e8.3t. 

Span 2 near south expansion 
~ 6-12-1 hinge, east bottom flar.ge, 0.28 0.67 0.010 0.023 .. 

.,:l< second beam from west • 

'"~ ....,i;!~ Span 2 near south e.'Cpansion 
N 0 • 6-12-2 hinge, east bottom .flange, 0.27 0.75 0.009 0.022 0 • 0 
0 :::J 0 third beam from west. t-::;:::-;5 
~ .. 
0 0 0 Spa.u 2 near south expansion 
m-;1" 

6-12-3 hinge, east bottom flange, 0.28 0.66 o.ooa 0.025 0 0 • 
ttl ~ Q 

~"' third beam from east. 
~-

~· Span 2 ne3.r south e.'q)ansion m 
0 6-12-4 hinge, east bottom flange, 0.28 0.67 o.ooa 0.027 

second beam from east. 

East span near abutment, 

·~ 6-13-1 south bottom flange, second 0.22 0.65 o.ooa 0.020 
~~ beam from north. 
~= Q Q East s pa.n near abutment, 

~ 0-
~ .. 6-13-2 north bottom flange, third 0.26. 1.10 0.014 0.020 Q • 0 

:J;~] beam from north. 
~.s-
0..:::: ~ East span near abutment, 
N'-"0 

g~~ 6-13-3 south bottom flange, third 0.20 0.75 o,o3a 0.017 
>o beam from south. 

~" East span near abutment, .. ~ 
::;:0: 6-13-4 north bottom flar:ge, secar:d 0.25 1.11 0.018 0.018 

. beam from south • 

I 
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Mechanical Properll.es 

Yield Ultimate Reduction 
Strength, Strength, of Area, 

psi psi percent 

46,300 63,200 66 

. 
41,000 63,500 66 

43,000 63,000 66 

. 
40,200 62,300 66 

48,700 64,300 71 

46,500 65,500 65 

52,000 65,500 66 

' . 
48,800 64,200 63 

37,800 _67,700 61 

41,000 68,500 63 

42,000 67,000 . 62 

40;500 67,500 62 

40,000 62,500 57 

44,000 75,500 68 

. 
41,500 66,000 66 

46,800 74,400 67 

Elongatf.on. 
percent 

41 

42 

42 

44 

44 

40 

42 

41 

40 

39 

41 

40 

42 

35 

40 

40 

I 
' 



Sample Location of Sample 
No. 

6-14-1 
Third floor beam north etxi, 
east flange. 

0 
West end of east span, 

= , 6-14-2 south fl:lnge, Secord beam 

~5 from north. 
0 , 

~~~ East end of east s~ 
ga.s 6-14-3 north flatioa-e, secood beam 
Q ~ ~ from north. 
"5 ; ~ o_ East eo:i of east span, 
o~.:: 
:::; - 3: 6-14-4 north flange, second beam 

;:;g from south • 
..;-rc 
~~ West eJl(t"of east span, 
;:; 6-14-5 south flange, secotxl beam 

from south .. 

6-14-6 
Third floor beam south end, 
west flange. 

West eod near abutment, 

• 
• 7-1-l south bottom flange, secord > 
< beam from north .. ., 
5 West erd Dear abutment,. ~ 

g-;: ~ 7-1-2. north bottom flange, thUd 
:-:~~ beam from :oor~. o;~, 

~;~ West end near abutment, 
~;;-= 7-1-3 sooth bottom. flar.ge, thiid 
"':g beam from south. 

.; 
West etd near abutment, "' ~ 7-1-4 north bottom flange, second - beam from south .. 

~ 
East erd near abutment, 

0 7-2-1 south bottom flange, secord 

~~ beam from north. 

~.2 East etrl near abutment, 
~ 0 c - "'"' 7-2-2 north bOttom fl.ange, third 
~ .; '0 - beam from north. 
'; -;:;; 

0- East en:i rear abutment, 
~ " 0 0 -. 7-2-3 south bottom flange, third 
"' " . 
~~ beam froc south. 
-e East er::rl near abubnect1 -: 
~ 7-2-4 north bottom fla:nge, second 

beam from south. 

Chemical Composition, 

c I 
0.15 

0.22 

0.20 

0.2~ 

0.19 

0.16 

0.23 

0.22 

0.24 

0.24 

0.28 

0.22 

0.23 

0.22 

percent 

Mn I 
0 .. 60 

o.so 

0.50 

0.49 

0.50 

o.ss 

0~61 

o .. so 

0.62 

0.63 

0.70 

o.ss 

0.66 

0.67 

-78-

p I 
0.010 

0.014 

0.016 

0.013 

0.013 

0.016 

0.010 

0.013 

0.012 

0.013 

0.015 

. 
0.013 

0.016 

0.015 

'. 
' 

s 

0.016 

0.019 

0.017 

0.018 

0.017 

0.016 

0.024 

0 .• 022 

.... 
0.025 

0.020 

0-.027 

0.028 

0.022 

0.024 

Mechanical Properties 

Yield Ultimate Reduction 
Strength, Strength, of Area, 

psl psl percent 

45,500 60,500 68 

38,500 60,500 61 

37,800 62,200 62 

35,600 61,900 62 

37,500 60,..00() 65 

41,200 59,400 70 

40,000 65,500 64· 

42,500 65,500 64 

42,000 65,500 64 

41,500 65,500 64 

46,000 72,000 61 

41,300 64,700 65 

40,000 65,000 65 

40,800 65,200 64 

·:. 

Elongation, 
percent 

43 

38 

40 

38 

3& 

42 

40 

. 
40 

38 

41 

38 

41 

41 

41 

• 

·. 

·. 

,• 

( 

;: 
!' 

' 



Chemical Composition, Mechanical Properties 

' 

Sample 
Location of Sample 

percent Yield Ultimate Reduction 
EloniatiDo; No, Strength, Strength, of Area, 

c I Mn I p I s psi psi percent percent 

South erd near abutment, 
• 7-3-1 west bottom flange, Secord 0.22 0.68 0.020 0.027 42, ~00 68,300 64 36 .,:s 

"'~ beam from eaSt. 
0 

•-" 
~~5 South end near abutment, .. 
oo- 7-3-2 east bottom flange, third 0.22 0.61 0.004 0.020 42,000 65,500 65 41 
~"' 0 
~ 0"' beam from east. 
-~1:1 
0 • 0 South etrl near abutment, ~ .. 
0 2! • 7-3-3 west bottom flange. third 0.22 o.6a 0.004 0.021 41,500 66,800 65 41 
!7.l:;s~ 
~- beam from west. 
~ e 
-M South end near abutment, 

..; 7-3-4 east bottom flange, secor:d 0,22 0.63 0.003 0.017 41,500 65,500 63 41 
beam from west. 

• East eDd near abutment, 

"'"' 7-4-1 south bottom narge, second 0.24 0.64 0.003 . o. 023 41,000 66,000 64 40 "'" • • beam from north • .. 
'8~ 
o- East erd near abutment, 

~~'0 
;!c..., 7-4-2 north bottom flange, third 0.22 0.64 0.009 0.027 42,000 66,000 63 40 
~ .. beam from north. 

~ 0 - . .. .., 
East etd near abutment,. ~;;;;~ 0. 0 7-4-3 south bottom flange, third 0.26 0,65 o.oos Q,.023 42,500 66,500 65 41 

" 0 • 
i! ~ beam froin south. 
~-
~s East etrl near abutment, 

-0 7-4-4 north bottom flange, second 0.24 0.63 0.003 0.024 39,500 64,500 64 42 - beam from south. 

West end near abutment, 
• 7-5-1 south bottom fla.nge, secord 0.26 0.68 0.003 0.021 42,100 69,000 63 36 

"'"' "" beam from norlh. 
• • OJ ~ West end near abutment, 

:::~a 7-5-2 corth bottom flange, third 0.21 0.66 0.003 0.021 42,000 63,000 66 42 
~ 0-
- > 0 beam !rom north. :2.:; 
••• West end near abutment, 
It) 0 g 
0 .. 7-5-3 south bottom flange, thixd 0.27 0.66 0.003 0.026 39,000 67,000 61 38 " -" ~ 0 beam from south. ~= a-
~ 0 

West end near abutment, -"! 
0 7-5-4 north bottom flange, secotd 0.26 0.67 0,003 0.028 40,000 68,000 62 35 

beam from south. 

I 
' L--: .. ~ East end near abutment, 

7-6-l south bottom flange, secotd 0.13 0.53 0.003 0,034 41,500 57,500 69 45 
0. beam from north • .?:o 
"- East erd near abutment, M ~ o 

~z~ 7-6-2 norlh bottom flange, third 0.13 0.52 0.003 0.030 44,000 58,000 71 44 
g s ~ beam from north. 
'0~~ East erd near abutment, 
N. 0 
0 ~ c 7-6-3 south bottom flange, third 0.13. 0.68 0.003 0.034 44,500 60,000 71 46 
"'> • 

• 0 beam from south. 
~= 
" e East erxi near abutment, 
~" 
~ 7-6-4 north bottom flange, second 0.13 o.so 0.003 0.031 40,000 58,500 65 44 

beam from south. 

I 
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t. I 
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Sample 
No. 

7-7-1 

7-7-2 

7-7-3 

1-1-4 

7-8-1 

7-8-2 

7-8-3 

7-8-4 

7-9-1 

7-9-2 

7-9-3 

7-9-4 

7-lo-1 

7-lo-2 

7-lo-3 

7-10~ 

Location of Sample 

East eid neat: abutment, 
north bottom flange, second 
beam from south. 

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

East erd near abutment, 
north bottom fl:u:ge, third 
beam from north. 

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

East end near abutment, 
south bottom fiange, secoai 
beam from north. 

East erd near abutmellt, 
north bottom flar:ge, third 
beam from oorth .. 

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

East eni nea:r abutment, 
north bottom flange, secot:d 
beam .from south. 

West span near pier 2 1 

Chemical Composition, 
percent 

0.20 0.49 o. 005 o. 032 

0.19 0.46 0.004 0.030 

0.21 0.53 0.002. 0.035 

0.19 0.46 0.003 0.035 

0.20 0.58 0.002 0.037 

0.19 0.46 0.005 0.036 

,, 
0.20 0.41 0.005 0.028 

0.19 0.46 

south bottom flange, secon:i 0.23 0. 78 0.016 0.023 
beam from north. 

West s{Xl.n near pier 2, 
north bottom fl.:lnge, third 0.24 o. 80 o. 013 o. 025 
beam from north. 

West span near pier 2, 
south bottom flange, third 0.23 0.81 0.013 0.024 
beam from south. 

West sPan near pier 2, 
north bottom flat:ge, secotd 0.24 o.so 0.016 0.022 
beam from south .. 

North erd near abu:tm.ett, 
east bottom fla.Dge, secotd 
beam from west. 

North eiJd near abutment, 
west bottom flange, third 
beam from weet. 

North end near abutment, 
east bottom fla'Cg'e, third 
beam from east. 

North end rear abutment, 
west bottom fiar:ge, second 
beam from east. 

0.21 

0.20 

0.21 

0.22 

0.63 0.028 0.054 

0.11 0.022 0.032 

0.69 0..017 0.032 

0.11 0.022 0.030 
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Yield 
Strength, 

psi 

38,500 

36,000 

40,000 

36,000 

40,000 

36,500 

36,500 

35,500 

42,500 

42,600 

42,300 

42,000 

38,300 

40,000 . 

40,800 

39,100 

Mechanical Properties 

Ultimata 
Strength, 

psi 

59,000 

59,000 

60,500 

59,000 

59,500 

59,500 

59,500 

58,000 

69,500 

70,300 

68,700 

68,000 

62,900 

64,500 

65,700 

63,900 

Reduction 
of Area, 
percent 

66 

64 

61 

64 

66 

64 

64 

64 

65 

63 

65 

64 

68 

65 

65 

Elongation. 
percent 

40 

44 

43 

39 

36 

42 

4o 

34 

40 

36 

40 

42 

44 

I 
I 

; 
i 

., 

l 
I 

. -

. 
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Sample 
No~ 

Location of Sample 

Chemical Compositioll, 
percent 

Span 3 nea-r pier 2, 
7-11-1 south bottom fla-cge, second 0.18 

beam from north. 

Span 3 near pier 2, 
7-11-2 oorth bottom flange, third 0.18 

beam from nor..h. 

Sp:ln 3 near. pier 2, 
7-11-3 north bottom flange- second 0.18 

beam from south. 

North etxl near abutment, 
7-12-1 west bottom flange, secotd 

beam from east. 

Norlh etxi near abutmer:t:, 
7-12-Z east bottom flange, third 

beam from east. 

North end near abutmeiif:, 
7-12-3 . west bd;t:om flange, third 

beam from west. 

North end near abutmert, 
7-12-4 east bottom flange, second 

beam from weat. 

7-13-1 

7-13-Z 

7-13-3 

7-13-4 

7-14-1 

7-14-2 

7-14-3 

7-14-4 

West etd mar abutmet::t, 
south bottom flange, aecorxi 
beam from north. 

West erxi near abutment, 
north bottom fla~e, thin! 
beam from oorth. 

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

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

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

South en:i near abutment, 
west bottom flange, third 
beam from west. 

South ecd near abutment, 
east bottom flar;ge, third 
beam from east. 

South erd near abutment, 
west bottom flange, second 
beam from east • 

0.24 

0.23 

0,24 

0.24 

0.21 

0.18 

0.17 

0.24 

0.19 

0,.19 

0.20 

0.16 

0,82 0.008 0.022 

0.84 0.007 0.022 

0.82 o.ooa o.ozz 

o.so o.ozs . 0.027 

0.59 0.025 0.024 

0.59 0.024 0.024 

,, 
o.sa 0.031 0.024 

0,57 0.009 0.033 

0.63 o.on 0.021 

0.65 0.007 0.027 

0.62 0.009 0.024 

0.84 0.021 o. 027 

0.65 0.017 0.044 

o.sa 0.026 0.033 

0.66 0.018 0.033 
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Yield 
Strength, 

pal 

38,000 

37,800 

36,000 

41,500 

41,700 

39,500 

38,800 

36,000 

35,000 

38,300 

39,500 

49,500 

37,800 

41,300 

Mechanical Properties 

Ultimate 
Strength, 

psl 

62,000 

61,700 

61,000 

67,500 

69,300 

68,000 

68,200 

59,000 

57,500 

57,800 

61,800 

59,000 

59,500 

60,200 

58,700 

Reduction 
of Area, 
percent 

68 

67 

69 

63 

61 

62 

60 

65 

68 

68 

63 

67 

67 

66 

66 

Elon.:,eration, 
percent 

43 

40 

42 

39 

39 

38 

40 

46 

36 

43 

42 

., 
' 
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Sample 
No. 

Location of sample 

West erxl near abutment, 
7-15-l south bottom flange, second 

beam from north~ 

West end near abutment, 
7-15-2 north bottom flange, third 

beam from north~ 

West end near abutment, 
7-15-3 south bottom- flange, third 

beam from south. 

West erd near abutment, 
7-15-4 north bottom. fl.ange, second 

beam from south. 

7-16-1 

7-16-Z 

7-16-3 

7-16-4 

8-1-1 

8-1-2 

8-1-3 

8-1-4 

8-2-1 

8-2-2 

8-2-3 

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

Single 9pan nea:r abutment, 
south bottom flange, third 
beam from north.. 

Single spa:a. near abutment, 
south bottom :O.a.nge, third 
beam from south. 

Single span near abutment, 
south bottom flange, secmrl 
beam from south. 

South end near abutment, 
west bottom flange, second 
beam from eas:t. 

South erd. near abutment, 
west bottom flange, third 
beam from east. 

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

South errl near abutment, 
east bcttom flange, seeond 
beam from west. 

East end near abutment, 
sooth. bottom flange, secm:d 
beam from north. 

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

East end near abutment. 
south bottom flar:ge, third 
beam from south. 

East erd near abutment, 

Chemical Composition., 
per~nt 

cTMnTPls 

0.15 0.14 0.052 0.046 

0.17 0.15 0.056 0.054 

0.15 0.12 0.056 0.051 

0.16 0.73 0.052 o. 046 

0.20 0.57 0.004 0.033 

0.20 0.60 0.020 0.034 

0.13 0.61 o. 023 d;'042 

0.20 o.ss 0.015 0.038 

0.23 0.61 0.011 0.024 

0.25 0.64 0.012 0.023 

0.23 0~61 0.009 0.023 

0.25 o.n 0.010 0.025 

0.19 0.65 0.009 0.025 

0.26 0.64 0.010 0.031 

0.26 o.ss 0.013 0.022 

8-2-4 north bottom flange, secotd 0.18 0.64 o.ooa o.o2s 
beam from south. 
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Yield 
Strength. 

psi 

45,700 

44,000 

47,400 

44,900 

45,800 

50,000 

48,100 

45,600 

40,300 

•40,500 

39,300 

46,300 

40,500 

41,300 

42,000 

40,300 

Mechanical Properties 

Ultimate 
Strength, 

psi 

63,100 

63,300 

64,500 

63,700 

63,000 

65,600 

62,100 

64,100 

65,200 

65,500 

65,200 

68,200 

61,000 

66,700 

67,000 

61,200 

Reduction 
of Area, 
percent 

64 

65 

62 

65 

62 

59 

62 

58 

63 

65 

61 

64 

68 

62 

64 

65 

Elonga.t:ton, 
percent 

42 

42 

42 

42 

38 

38 

36 

40 

42 

40 

42 

36 

42 

36 

41 

"44 

' I 
! • 

• 

• • 

• • 
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Sample 
No, 

8-3-1 

8-3-2 

8-3-3 

8-3-4 

8-5-1 

8-5-2 

8-5-3 

8-5-4 

8-6-1 

8-6-2 

8-6-3 

B-6-4 

Location of Sample 

Chemical Composition, 
percent 

Yield 
Strength, 

psl cjMnjPjs 

West end near abutment, 
south bottom fl:l.nge, second. 0.16 
beam from north. 

West end. near abutment, 
north bottom flange, third 0.16 
beam from north. 

East end near abutment, 
south bottom flange, third 0.16 
beam frorp. south. 

East end near abutment, 
north bottom flange, second 0.16 
beam from south. 

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

· North end near abutment, 
west bottom flange, third 
beam from west. 

North end near abutment, 
e3.3t bcttom flange, third 
beam from east. 

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

North end near abutment, 
east bottom fl:::mge 1 second 
beam from west. 

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

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

North errl near abutment, 
west bottom .flange, secorxi 
beam from east. 

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

Span 2 near pier 1, 
north bottom flange, third 
beam from north. 

Span 2 near pier 1, 
south bottom flange, thlrd 
beam from south. 

Span -2 near pier 1, 
north bottom flange, secorrl 
beam from south. 

0.18 

0.20 

0.18 

0.16 

0.11 

0.11 

0.14 

0.15 

0.19 

0,23 

0.23 

0.20 

o.ss 

0.53 

0.54 

0.54 

0.65 

o.8s 

0,64 

0,60 

0.61 

0.62 

0.70 

0.70 

o:sa 

0.72 

0.73 

0.65 

0.012 0.027 

o.ou. o.024 

0.014 0.029 

0.013 0.026 

0.015 0.047 

0.036 0.044 
~ 

0.015 0.046 

0.019 0.045 

34,500 

37 ,ooo 

36,000 

39,500 

42,500 

39,000 

N/A 

0.020 0.043 42,800 

0.019 0.041 42,000 

0.017 0.034 42,000 

0.015 0.030 41,000 

0.010 0.033 50,500 

0.611 0.026 43,000 

0~011 0.026 44,800 

0.009 0.029 44,000 
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Mecbantcal Properties 

Ultimate 
Strength, 

psl 

56,500 

54,000 

56,000 

56,500 

59,000 

67,000 

59,000 

N/A 

57,700 

58,000 

62,000 

61,500 

68,000 

68,500 

65,700 

69,000 

Reduction 
of Area, 
percent 

67 

69 

68 

68 

66 

62 

67 

64 

70 

69 

69 

69 

69 

65 

68 

64 

Elongation, 
t:erceo.t 

43 

44 

43 

46 

43 

36 

42 

44 

44 

44 

41 

42 

40 

39 

40 

39 

l 
' • 



Chemical Composition, 
Sample Location of sample percent 

No. 

c I 1In I p I s 

Span 2 near pier 1, 

'2o 8-7-1 sooth bottom Oa~e. second 0.19 0.64 0.010 0.025 
~ beam from north •. 

J:a Span 2 rear pier 1, 
~:I-::") ::s ~ 8-7-2 north bottom flange, third 0.20 0.63 0.011 0.025 
~l!-= 
~--.: beam from north. _:;;o 
0 • 0 Span2: near pier 1, 

- 0 ~ 
~'B~ 8-7-3 sooth bottom flal:!ge, third 0.19 0.61 0.010 0.024 . - beam from south. M C .. ~ 
~M Span 2 near pier 1, 

8-7-4 north bottom flange, second 0.18 0.60 0.008 0.021 
beam from south. 

South errl near abutmellt, 
.., 8-8-1 west bottom flat::ge, secon:l 0.19 0.71 0.034 0.031 
0 "' beam from east. " 0 

• • • • 0 .. South eai near abutment, .. >-
g~;:;'O 8-8-2 east bottom flange, third 0.15 0.52 0.031 0.021 
~ 0 ·- beam from east .. ..,. (Q 0 :Q ••• d ~ ;! ~ Sottth end near abutmect, 
g ~ ~ ~ 8-8-3 ' west bcttorn flange, third 0.14 o.ss 0.027 0.018 
;:::~.5::: 

beam from west. ~~= 
Q "' South en::i rear abutment, Q - - 8-8-4 e8.3t bottom flange, secocd 0.18 0.73 0.029 0.020 

beam from west .. 

North end near abutmect, 

~ 
9-1-1 east bottom ~a, second 0.26 0.69 0.010 0.026 

z beam from west. 

.s North eOO near abutment, g;g 9-1-2 west bottom flange, third 0.25 0.70 0.012 0.025 
M-
Q > beam from west. 
- 0 oZ North erd ~r abutment: 
~. 
0 0 9-1-3 east bottom flange, third 0.25 0.71 0.005 0.016 
"11 beam from east .. • 

"' North er:rl near abutment, "' - 9-1-4 west bottom fiange, secotxi 0.26 0.70 0.009 0.021 I , beam from east. 

~ -West end near abutment, • ,?; 9-2-1 north bottom fla::ge, third 0.17 0.61 0.029 0.038 .... ... beam from south. 
\l'<n 
0 " West en:i near abutment, -"- 9-2-2 soU!b. bottom flat:!ge, fourth 0.18 0.59 0.024 0.035 

::: "' 0 .. 0- beam from south. 
<D 15 'g 
Q'"2~ West en:i near abutment, 
~g.£ 9-2-3 norta bottom flange, fourth 0.18 0.60 0.025 0.041 :=:!a::; beam from north. . -

g""": West er:d ~ar abutmet!t, ,.o 
0 9-2-4 south bottom flange, thlrd 0.17 0.59 0.024 0.037 -::; beam from earth. 
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Mechanical Properties 

Yield Ultimate Reduction 
Strength, Strength, of Area, 

psi psl percent 

47,800 65,200 65 . 

45,000 ss.soo 69 

44,800 65,200 67 

49,000 65,000 68 
. 

39,500 63,500 65 

42,300 59,200 70 

36,300 5T,200 69 

38,000 61,000 68 

41,800 66,200 63 

40,500 ·66,000 62 

42,100 66,300 65 

40,100 66,000 64 

.. .. 
' 

36,900 58,500 64 
' 

.. 

44,100 68,600 55 

.. 

37,700 61,200 58 

37,400 61,000 so 

Elongation, 
percent 

42 

42 

44 

43 

42 

44 

44 

- 43 

41 

39 

40 

40 

44 

39 

40 

40 

i 

l 

• 

• 

i 

• • 

, . 
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Sample 
No. 

9-3-1 

9-3-2 

9-3-3 

9-3-4 

9-4-1 

9-4-2 

9-4-3 

9-4-4 

9-5-1 

9-5-2 

9-5-3 

9-54 

Chemical Composition. Mechanical Properties 

Location of Sample percent Yield Ultimate Reduct ton 

I Mn I I 
Strength, Strength, of Area, 

c p s psi psi percent 

West end near abutment, 
north bottom flange, third 0.17 0.58 0.017 0.024 35,200 57,400 63 
beam from south. 

West etrl near abutment, 
south bottom flange, fourth 0.17 0.59 0.024 0.036 37,400 58,300 63 
beam from south. 

West end near abutment, 
north bottom flange, fourth 0.14 0.56 0.016 0.022 33,400 51,600 67 
beam from north. 

West eOO near abutment, 
south bottom flange, third 0.24 0.51 o.alla 0.040 37,800 61,500 59 
beam from north. 

South erd r:ear abutment, 
west bottom fla:oge, second 0.21 0.48 0.016 0.026 40,900 62,400 5T 
beam from east. . 
South e!rl near abutment, 
east bottom flange, third. 0.20 0.47 0.017 0.027 39,800 62,200 59 
beam from east. -
South end oear abutmeDtf ••• 
east bottom flange, third 0.20 0.46 0.015 0.023 40,700 62,900 59 
beam from west. 

South erd near abutment, 
west bcttom fl.:u::ge, second 0.22 o.so 0.019 0.022 40,200 64,700 56 
beam from v."est. 

Span 1 near pier 2, 
north bottom flange. secord 0.23 0.60 0.020 0.033 42,400 65,100 57 
beam from oorli;l. 

Span 1 near pier 2, 
north bottom flange, tbiid 0.24 0.59 0.023 0.033 43,300 66,100 58 
beam from north. 

Span 1 near Pier 2, 
south bottom flange, thirtl 0.24 0.66 0.049 0.034 • 45,600 70,600 56 
beam !rom south. 

Span 1 near pier 2 1 

south bottom flange, second 0.24 0.61 0.046 0.033 44,100 69,900 60 
beam from south. 

Properties 

ASTh!: Mechanical Chemical Composition, percent 

Des~wnr---------~h-,.-,--ld~S-----h-t-----0----r-,---r ,~--P--~r-~--~s~---Tensile Strengt , Yle trengt , Mn 
psi psi Maximum Maximum Maximum 

A7-33T 
A-36 

601 000 to 72,000 
58,000 to 80 1 000 

33,000 
36,000 
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0.26 
0.04 
0.04 

o.os 
o.os 

Elon.:,aatlon. 
percent 

40 

43 

42 

36 

41 

42 

42 

).' 
::-' 

40 

41 

40 

40 

40 
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The information contained in this report was compiled exclusively for the 
use of the Michigan Department of State Highways ard Transportation. Recom
meniations contained herein arC' based upon the resC'arch data obtained and the 
expertise of the researchers. arrl arc not ncC<!ssarily to be construed as Depart
ment policy. No material contained herein is to be rcprOOuced-wholly or in 
part-without the expressed permission of the Engineer of Testing and Research. 
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The purpose of this investigation was to determine the physical pro
perties of the steel in a beam that developed brittle fracture when struck 
by a vehicle. 

On March 14, 1975 the bridge structure 808 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 
vrestbound 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 14ft 
and the minimum underclearance of the bridge is posted as 13 ft - 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 an impact 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 1a 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. la) 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 occurred under an unusual and extreme 
impact loading. Normal loading on 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 be am 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. E as t fascia of damaged 
span showing impact point of the fork
lift. 

Figure lb. First interior beam frac
tured at the connecting diaphragm and 
dislodged from bridge. 

· ... : :~ _ ... 

.. 

~ 
Figure 2a. Fracture at the point of impact on 
the first interior beam. Crack is shovm run
ning through the flange and part way up the web. 

Figure 2b. Bottom side of the flange at the point 
pf impact showing crack stopping before reach
ing far side of the flange. 

~ 
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nectar angle attached to the web. This is evident in Figure 3 where the frac
tured web shows a "chevron pattern" (or V -pattern) of striations which is 
seen to point back to the edge of the rivet hole, thus depicting the origin of 
the crack. Figure 3 also shows as imilar chevron pattern in 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 Fat 
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 ~igure· 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 sigaificance can be attri
buted to the effect of the laminations on the crack propagation since the 
loading geometry during the failure is 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 section of the fractured beam that remains in the structure 
is supposed to be sent to the 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 
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 on a 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 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. 
~ 

Figure 4. Irregular crack propagation 
path in the beam web (web plate is ori
ented up in picture as in the beam). 
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the specimens were removed longitudinally from the flanges starting from 
the flange tip (specimen 1) and progressingtothe web/flange junction (speci
men 5). 

TABLE 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.) 

Specimen 
Yield Tensile Elongation~ Reduction of 

Strength, 1 Strength, Area, 
No. 

psi psi 
percent 

percent . 

TF-13 47,400 73,900 37 57 
TF-2 45,300 73,800 39 56 
TF-3 43,000 74,000 ~8 57 
TF-4 33,700 75,400 39 54 
TF-5 32,000 74,700 36 55 

BF-13 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 

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

2 2-in. gage length 

3 TF denotes specimen from top beam flange. BF 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 occur in the beam. The flange tip and web receive the 
most plastic work during the rolling process and the web/flange junction 
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receives the least. The flange legs and web also cool faster than their 
junction, which results in a finer 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 in reducing the web thickness and the rapid cool
ing experienced by the thin web section. Thus, the specimens TF-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 wculd be considered to possess high duc
tili'ty. 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-lb and the bottom 
flange an average of 16 ft-lb. 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-lb 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 ~ote the energy temperature transition that oc
curred in this beam as sets of three specimens each were tested at decreas
ing temperatures down to -20 F (Fig. 6). The bottom flange is seen to de
velop a low of only 2 ft-lb 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-lb 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 freezing point. A case in point here is that the specification 
of a minimum toughness level at a specified temperature (e. g., 15 ft-lb at 
40 F) does not preclude brittle behavior at 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 currently it 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-lift 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 A 7 steel 
that existed at the time the structure was built. " 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 ft-lb 
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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