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ABSTRACT

Extensive strain measurements were carried out on three cross girder boxes

Used to connect the cable stays to the orthotropic deck-trapezoidal box steel
structure. The measurements were obtained at CG3, GG4 and CG5 adjacent to the
tower at pier 2.

o ‘The measurements were focused on details which had known cracks that had
been retrofitted by installing holes in the trapezoidal box girder webs at the crack tip.
The hole placement resulted in several residual uncracked web segments. These
uncracked segments could be modeled for crack growth based on measured stress
histories and compared with field observations of crack extension.

The strain gages were installed in October 1986. The gages were protected
and connected to junction boxes accessible from the bridge deck. Two fypes of
stress measurements were acquired. On November 4, 1986 two test trucks with
known weights of 80,140 pounds and 82, 180 pounds were used to obtain the
structural response as they traveled across the bridge either side-by-side in two lanes
or in tandem in the traveling lane. Test runs were made in the southbound and
northbound directions at a craw! speed of about 5 mph and at 60 mph.

In addition, measurements were made under regular truck traffic for the four
day period from November 3 to November 6, 1986 using a magnetic tape recorder for

continuous analog records. The frequency of trucks was low as only light traffic used

the bridge. The measured maximum stress range at the details with cracks varied
from 0.1 ksi to 0.74 ksi. These levels of stress range did not appear to exceed the
crack growth threshold. Hence no crack extension would develop from the truck
traffic using the structure.

During the measurements over 15-1/3 hours, a single large stress range
excursion occurred at CG5. The maximum stress range was 16.3 ksi at one of the
retrofit holes. It was hypothosized that this resulted from a wind gust and/or an

unknown structural release.



IMPLEMENTATION STATEMENT

The strain measurements from truck traffic demonstrated that current truck
f}equency was small and the magnitude of cyclic stress too little to cause fatigue
crack extension of the known uncracked segments.

A single stress event was detected during the 15-1/3 hours of observation.
This event was due to unknown causes.

The observed conditions indicate that no further measurements should be made
until the connector roads are completed and significant increases in truck traffic occur.

With the low levels of traffic and small magnitudes of cyclic stress, no crack
extension is expected under these conditions. Until this condition is changed, it does
not warrant special measurement of crack length at the uncracked ligaments nor
additional stress range measurements.

Inspections need not be more frequent than required by the biannual

inspections.

vi



1.

TABLE OF CONTENTS

INTRODUCTION . . ... ...t 1
INSTRUMENTATION AND PROCEDURE OF TESTING . . . ... ......... 2
2.1 STRAIN GAGE LOCATION . . .ottt e e e 2
2.2 RECORDING OF LIVE LOAD STRAINS . .. vo v oo 3
2.3 PROCEDURE OF TESTING . ..ot 3
RESULTS OF STRAIN MEASUREMENTS ... ... o ome 5
3.1 STRESS-TIME DATA FROM TEST TRUCKS . . .o oo . 5
3.2 STRESS DATA FROM REGULAR TRAFFIC ... ..o 7
3.3 STRESSES FROM UNKNOWN CAUSE . ...\ oo 8
RESIDUAL CRACK AT CROSS GIRDER CONNECTIONS .. .......... 10
4.1 CRACK CHARACTERISTICS .. .o oooso 10
4.2 CRACK GROWTH PREDICTIONS . ... .......uvvrunnnn.. 11
CONCLUSIONS . ..ttt e e e e e e e e 13
RECOMMENDATIONS . . ... .t 14
REFERENCES . . .. .. ittt et e e 15
TABLES . . .o 16
FIGURES ... .. e 39
APPENDIX A ..ttt e e 112

vii



Table 2.1
Table 2.2
Table 2.3
Table 2.4
Table 2.5
Table 2.6
Table 2.7
Table 2.8
Table 2.9
Table 2.10
Table 2.11
Tabie 3.1
Table 3.2

Table 3.3
Table 3.4
Table 3.5
Table 3.6
Tabie 3.7
Table 3.8
Table 3.9

Table 3.10
Table 4.1

LIST OF TABLES

Strain gage identification at CB3 v vv e it ieei e 17
Strain gage identification at CG4 ...« v o v v 18
Strain gage identification at CG5 oot h e 19
Test truck WeIghts . . o v v v i vt 20
Test truck tuns, CGB . v vt v v i 21
Test truck runs, CG4 . oo v 22
Test truck runs, CG3 .« oot e v i e 23
Strain gage grouping, CG5 ...« oo e e 24
Strain gage grouping, CG4 . ... oo v e s S 25
Strain gage grouping, CG3 .. oo v e 26
Strain gage grouping for regular traffic . ..o oo e e 27
Stress range (ksi) by test trucks side by side CGb . ...... .. 28
Stress range (ksi) induced by test trucks

iNtandem CG5 . . vt vt v cn o 29
Stress range (ksi) induced by test trucks

side by side CG4A . ..o vvv it 30
Stress range (ksi) induced by test trucks

N1andem CG4 .« vt v v v im e 31
Stress range (ksi) induced by test trucks

sideby side CG3 ..o v v 32
Stress range (ksi) induced by test trucks

iN1andem CGS .t it v it i 33
Stress range counts, CGB . ..o v oo cn e e 34
Stress range counts, CG4 .. ..o 35
Stress range counts, CG3 .. ..o 36
Stresses due to unknown cause, Ksi ..o e 37
Stresses at core holes with residual cracks .. ..cooveveeee e 38

viil




igure 1.7

E'Figure 2.5

Figure 2.6

Figure 2.7

Figure 2.8

Figure 2.9

: Figure 2.10
- Figure 2.11
Figure 2.12
Figure 2.13
Figure 2.14
Figure 2.15
Figure 2.16
Figure 2.17
Figure 2.18
Figure 2.19
Figure 2.20
Figure 2.21
Figure 2.22
Figure 2.23
Figure 2.24

LIST OF FIGURES

Profile and cross section of bridge ..................
Identification of locations . ................ .. ...
Schematic of details "¢" and "d" . .............. ..
Schematic of details "a” and "b™ ...... .. DRI
Location of strain gages 1, 2and 3at CG3 . ........ ..
Location of strain gages 4, 5and 6 ............... .
Location of strain gages 7and 8 .............. ... |
Location of strain gages 9and 10 .. .............. ..

Location of straingage 11 . ................ ... .

Location of strain gages 26, 27, 28, 29 and 31 at CG4
Location of strain gages 30 and 36 . ............... .

Location of straingage 32 .. .................. . .

Location of strain gages 44 and 45 .. ............. ..
Location ofs train gages 46 and 48 at CGs ...........
Location of strain gages 47, 49, 62, 53,54 and 56 .....

Location of strain 50 and 51 ...... .. e e

ix




Figure 2.25b
Figure 2.26
Figure 2.27
Figure 2.28
Figure 2.29

Figure 2.30

Figure 2.31
Figure 2.32
Figure 2.33
Figure 3.1
Figure 3.2
Figure 3.3
Figurg 3.4
Figure 3.b
Figure 3.6
Figure 3.7
Figure 3.8
Figure 3.9
Figure 3.10
Figure 3.11
Figure 3.12
Figure 3.13
Figure 3.14
Figure 3.15
Figure 3.16
Figure 3.17

LIST OF FIGURES {CONT'D}

Location of straingage 59 . ... ... ... i 68
Mounting straingage . ............ R 69
Strain gage 20, 21, 22 . . . e e 69
Strain gage 8 with connectingecable ................ 70
Strain gage cable brought through hole from inside

of crossgirder . ... ... . . .. i e 70
Junction box for connection of strain gage cables

(0 J 4= oo o L= 71
instrumentvanonbridge ........ ... . ... . i i, 71
Test trucks traveling side by side .................. 72
Truckonbridge ... ..« e e .72
Stress-time data of eight strain gages atCG4 .......... 73
Stress-time records of test trucks side_by side, slow run 74
Stress-time records of test trucks side by side, speed run . 75
Stress-time records of test trucks in tandem, slow run .76
Stress-time records of test trucks in taﬁdem, speed run 77
Stress gradient, CG5, trucks side by side southbound .78
Stress-time records for Figure 3.6 . ... .............. 79
Stress gradient, CGbH, trucks side by side northbound . 80
Stress-time records for Figure 3.8 . ................. 81
Stress gradient, CG5, trucks in tandem southbound ... .. 32
Stress-time records for Figure 3.10 . ................ 83
Stress gradient, CG5, trucks in tandem northbound . ... .. 84
Stress-time records for Figure 3.12 . .. ..., ... ....... 85
Stress gradient, CG3, trucks side by side southbound
Stress-time records for Figure 3.14 . ... ... .. ........ 87
Stress gradient, CG3, trucks side by side northbound . 88
Stress-time records for Figure 3.16 . ................ 89

X




55='.Figure 3.27
* Figure 3.28
Figure 3.29
-~ Figure 3.30
- Figure 3.31
Figure 3.32
Figure 4.1
Figure 4.2
Figure 4.3

Figure 4.4
Figure 4.5
Figure 4.6

Figure 4.7

LIST OF FIGURES (CONT'D}

Stress gradient, CG3, trucks in tandem southbound . .... 210)
Stress-time records for Figure 3.18 ... .............. a1
Stress gradient, CG3, trucks in tandem northbound . ... .. 92
Stress-time records for Figure 3.20 . ............ ..., 93
Stress-time records from regular trucks, CG4 .......... 94
Stress-time records from regular trucks, CG3 .. ........ 95
Stress range frequency diagram, gage 52 .. ... ... .. .. 96
Stress range frequency diagram, gage 46 . ........... 97
Stress range frequency diagram, gage 58 . ........... 98
Stress range frequency diagram, gage 33 . ...... e 99
Stress range frequency diagram, gage 40 ........... 100
Stress range frequency diagram, gage 8 ............ 101
Stress range frequency diagram, gage 10 ........... 102
Stress range frequency diagram, gage 17 .. ......... 103
Stresses due to unknowncause ............ .. ... 104
Condition at BA22B, detail2-a-B  ................. 105
Core 7 showing adjacent crack on surface ........... 105

Uncracked ligaments observed in CG10 at Unit

BA26B -Detail 1-a-B . .......... i, 106
Crack tip of core 5 adjacent inside surface at Unit

BAT4A -Detail 1-a-T .. ... i i 106
Schematic of crack in Core 2 at Unit BA12A - Detail

T 107
Crack surface adjacent to the exterior surface

of Core 2 .. ... i e e e 107
Surface of Core 3 adjacent to Core 2 at reentrant corner
BAT2A -Detail 1-a-T ... .. ... . i it 108

Xi



Figure 3.25

Figure 4.3

. Figure 4.5

Figure 4.6

Figure 4.7

LIST OF FIGURES (CONT'D)

Stress gradient, CG3, trucks in tandem southbound ..... 90
Stress-time records for Figure 3.18 . ....... e s 91
Stress gradient, CG3, trucks in tandem northbound . ... .. 92
Stress-time records for Figure 3.20 . .. ............. . 93
Stress-time records from regular trucks, CG4 .. ........ 94
Stress-time records from regutar trucks, CG3 .. ........ 95
Stress range frequency diagram, gage 52 ............ 96
Stress range frequency diagram, gage 46 .. .......... 97
Stress range frequency diagram, gage 58 ............ a8
Stress range frequency diagram, gage 33  ............ 99
Stress range frequency diagram, gage 40 ........... 100
Stress range frequency diagram, gage 8 ............ 101
Stress range frequency diagram, gage 10 .. ......... 102
Stress range frequency diagram, gage 17 .... .. .....103
Stresses due to unknown cause ........ e 104
Condition at BA22B, detail 2-a-B . ... .. e . 105
Core 7 showing adjacent crack on surface ........... 105

Uncracked ligaments observed in CG10 at Unit

BAZ26B - Detail 1-a-B . ....... e e e e e 106
Crack tip of core 5 adjacent inside surface at Unit
BA14A - Detail 1-3-T ... ... i .....1086
Schematic of crack in Core 2 at Unit BA12A - Detail

T-8-T o e e e e 107
Crack surface adjacent to the exterior surface

ofCore2 .................. e e e e e e 107
Surface of Core 3 adjacent to Core 2 at reentrant corner
BA12A - Detail 1-a-T ........ e e e e ....108

Xi



1. INTRODUCTION

The Luling Bridge is a cable-stayed box girder bridge over the Mississippi River
'gtween Luling and Destrehan, Louisiana. It is a portion of Route 1310, which
:c;o_nnects Interstate 10 and U.S. 90. The bridge is composed of two longitudinal steel
trapezoidal box girders with an orthotropic deck. The box girders are 14 feet deep, 10
feet wide at the bottom, 20.5 feet wide at the top, and 39 feet apart, center to
center. The spans are 508 feet, 1222 feet and 495 feet with approach spans at both
ends.

. The cables of the bridge are attached to two towers and cross girders. Figure
1.1 shows the locations of the cross girders, and the relative position of the cross
girders with respect to the longitudinal girders. At the cross girders, the trapezoidal
boxes were split into two half sections (upper and lower), longitudinally, so that the
‘cross girders could be bolted in place.

: During construction, cracks were discovered in the webs of the trapezoidal box
girder at several details at cross girder locations. The details have been designated as
"a", "b", "¢" and "d", as shown in Figure 1.2 and 1.3. Details "a" and "b" are shown
_in more detail in Figure 1.4. Examination and evaluation of these cracked details and
.core samples were made'”, and coring out the web plate at the cracks to create a
- crack arrest hole was adopted as the method of retrofit.

The purpose of this study is to irivestigate the effectiveness of the drilled holes
:.in arresting the cracks in the trapezoidal box girder webs. The stresses at or near
these holes were measured to determine whether the web plates are still susceptible
. to crack growth. In this report, the strain gage locations and the procedure of testing,
the resulted stresses, the evaluation of residual cracks at cross girder connections,
and recommendations for future action are given. The field measurements were made

on November 3 to 6, 1986.



2. INSTRUMENTATION AND PROCEDURE OF TESTING

2.1 Strain Gage Locations

Electrical resistance strain gages were attached to the webs of the we:
trapezoida! box at cross girders CG3, CG4 and CG5 (seg Figure 1.1 for designatior’
All strain gages were inside the box girder. Most of these gages were at the crac:
arresting holes; a few were placed at the webs and bottom flange plates of t-
longitudinal box in transverse cross sections. The latter strain gages were used f:
detecting the response of the box girder to service loads.

The locations of the cracked details were identified by an alphanumeric syste-
prior to this study. This identification system was maintained in the study, and '
revealed in Figures 1.1 to 1.4. When two or more strain gages were placed‘at a dete!
the locations were designated by top or bottom (T or B), or numerically. Furthermor:
the strain gages were also numbered for simplicity during testing. Tables 2.1 to 2.
summarize the gage identification and numbers. Figures 2.1 to 2.25 depict t-
location of these gages.

There were a total of 59 strain gages; 24 at CG3, 21 at CG4 and 14 at CG®

The strain gages were attached to the steel plates by epoxy adhesive, a~
connected by insulated cables to three junction boxes outside the box girder. Figu:
2.26 shows a gage cable being connected. Figure 2.27 shows gages 20, 21, and .
(BABA1-a-T, BA8A1-b-T and BABA1-b-B) attached on the web (see Figure 2.9 -
exact location). Figure 2.28 is a photograph of gage 8 (BA8A 1-c-B, see Figure 2.:
after completion of wiring. The cables of all the gages at a cross girder were broug:
to the outside of the trapezoidal girder through existing access holes, as shown .
Figure 2.29, and into the junction box, Figure 2.30. The junction boxes at the crc:
girders were specially fabricated for easy connection to the strain recordi-
instrument, and are water tight when closed for long-term protection and futu:
measurement of strains. All strain gages inside the box girder were also weath:
proofed for long-term usage. The connection of gages to the junction box outf:

sockets are listed in Tables 2.1 to 2.3.



2.2 Recording of Live Load -Strains

For the recording of service (traffic} load induced strains, an electrical magnetic
tape recorder capable of simultaneous recording of 21 channels was connected
through signal conditioners to a junction box. Once the tape was set in motion, all
variations of strains at the connected strain gages were recorded, including the effects
'_éf vehicular loads, wind, thermal variation, etc.

At the Luling Bridge, the instruments were placed in a van, which was parked
_in the emergency lane on the bridge deck near a junction box. Figure 2.31 is a
photograph showing the general setup.

The recorded strains on a tape can be played back and plotted out as strain
versus time data, or fed into a computer for evaluation of the data.

2.3 Procedure of Testing

In order to be able to correlate the strain data and the service loads on the
bridge, test trucks of known weight were employed. Two tractor-semitrailers
simulation HS20 trucks were arranged by the LaDOTD. Truck No. 1 (159-502, a 352)
had a gross weight of 80,140 pounds; and truck No. 2 (159-504, a 3S3) 82,180
pounds. Table 2.4 shows the record of axle-group and total weights of these trucks.
The test trucks traveled on the bridge deck either side-by-side (abreast) in two
lanes, or in tandem in the traveling lane in both directions (southbound and
northbound). Two different speeds of travel were made: crawling at about b mph and
driving at about 60 mph. These combinations are listed in Tables 2.5, 2.6 and 2.7 for
cross girders b, 4, and 3, respectively. Figures 2.32 and 2.33 are photographs of the
test trucks, during one of the test runs, and a regular truck. The test truck runs were
all made on November 4, 1986.

Because there were 24 strain gages at cross girder 3 for the 21 channel tape
recorder, the gages were divided into two groups. The grouping arrangement for CG5,
CG4, and CG3 are listed in Tables 2.8, 2.9, and 2.10, respectively. When strains of
gages at cross girder 3 were recorded for the test truck runs, it was already confirmed
from the data of cross girders 4 and 5 that the crawl runs and the corresponding
speed runs generated almost the same strains. Consequently, only the speed runs of

the test trucks were made and repeated for the other two groups of gages.
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Besides the recording of strains due to the test trucks, live load strains due to
regular traffic were recorded for each grouping at the cross girders. These measure-
ments were acquired on November 3 to November 6, 1986. There was very light
traffic throughout the entire period of strain measurement. The estimated average
daily truck traffic (ADTT) was only 640 in both directions. After the test truck runs,
21 gages with a relatively higher nﬁagni.tude of strains were selected and grouped
together for further service load strain recording on November b énd 6, 1986. This
grouping arrangement is listed in Table 2.11. Altogether over 15 hours of test records
were acquired.

Selected results of strain measurement are presented and discussed in the

following section.




RESULTS OF STRAIN MEASUREMENTS

“Stress-Time Data from Test Trucks

: The recorded strains during the test truck runs were examined visually through
dis;;i'ay unit or a plotter. The time variation of strain a‘t a strain gage is an indication
the response of the bridge component at that point. Since strains are directly
r’o}ﬁdrtional to stresses in the elastic range of bridge behavior, strain-time records are
ress histories.

| Figure 3.1 shows the stress-time data of eight locations at cross girder 4.
T:hége stresses were induced by the test trucks traveling southbound in tandem in the
tr:éveling (west) lane, generally above the west (No. 2) web of the west (BA)
_traﬁezoidal box. (See Figure 1.1 for bridge profile and cross section.) Each grid of the
_‘iz“c‘)'nta! (time) scale is one second. At a truck speed of about 60 mph, this
repi:resents about 88 feet of distance of travel. Strain gage 26 and 27 (BA12A 2-a-1
d 2-a-2) were only subjected to stresses when a truck was directly above. Two test
'_trucﬁks induced two excursion of stresses, about 0.3 ksi in compression at gage 26
: nd less than 0.1 ksi in tension at gage 27. Strain gages 40 and 0 (BA12B 2-b-B and
'2j—b-T), on the other hand, started to develop stresses when the test trucks came onto
the bridge’s north side span. Gage 40 was first in compression, underwent live load
stress reversals when a truck traveled above, and was then in tension when the
%é'cond truck crossed over. The range of stress between maximum and minimum was
about 1.1 ksi due to these two 80 kip trucks traveling in tandem. Gage O, at a
: __Iocatlon below gage 40 and between a drilled hole and a connection opening, had
:s_:.mliar stress excursion, but at much lower magnitudes. The other four strain gages
':;;élso had similar stress-time records.

| The response to the test truck runs of the box girder webs at all gaged points
- ¢an be examined similarly from the stress-time data. These stress-time

_records are presented in Appendix A, as Figures A1 to A52. The important results

‘_:_glbtained from examining and comparing these data are the foliowing.



(A) Effect of Truck Speed

The effect of test truck speed on the induced stresses at the gages was very

small, being nondetectable from the stress-time records. Figures 3.2 and 3.3, and
Figures 3.4 and 3.5 are examples of corresponding stress-tihe records. There was no
superimposed stress fluctuation due to dynamic effect; and there is no detectable
difference in stress magnitudes between the crawl runs and the speed runs of the test
trucks. This condition is true of all gages on the box girder webs and the bottom
flange.

Therefore, based on the results of test truck runs, it can be said that the effect
of truck speed is minimal on the stresses at the retrofit holes in the webs of the
trapezoidal boxes.

(B) Effects_of Test Truck Combination

Trucks on the trapezoidal box girder of a structure detail induced relatively
higher stresses than trucks on the other box girder. Two trucks traveling side by side
generated relatively higher stresses than two trucks in tandem. These results are
apparent from examining the stress data of Tables 3.1 to 3.6, which summarize the
stress range of various truck positions.

Overall, the magnitude of stresses were quite low. The highest stress range
was only 1.26 ksi at gage 40 due to two HS20 trucks traveling side by side
southbound (Table 3.3).

{C) Effects of Continuous Spans

Because the cable-stayed twin box bridge is essentially a three-span continuous
bridge, the structural details at the cross girders are expected to experience live load
stress reversal as trucks traverse the bridge. The condition is obvious from examining
the stress-time data in Figures 3.1 to 3.23 and Appendix A. It is, therefore, expected
that the trapezoidal box girders are subject to alternate "positive bending" and
"negative bending” due to truck loads. This is also demonstrated by examining the
stress gradient developed in the box girder.

Figure 3.6 shows the stress gradients at the cross section of cross girder b with
strain gages 47, 49, 52, 53, 54 and 56. The corresponding stress-time data are

shown in Figure 3.7. At the instance t,, the upper portion of the box girder was in
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sion while the lower portion was in compression, corresponding to a "negative
bending”. The test trucks were traveling side by side in the north side span. At time
he stresses were compressive in the upper portion and tensile in the lower portion,
corresponding to a "positive bending” and consistent with tHe truck position at the
s section. The box girder was primarily in vertical bending with littie torsion.
E;gﬁ'res 3.8 and 3.9 are similar plots for the same cross section, but with the test
cks traveling north on the other box girder. The condition of reversal of stress
grédients as well as the domination of vertical bending remained the same. Figures
0 to 3.21 show the stress gradients and corresponding stress-time records for
ctﬁ’er test truck runs at other cross girders. All provide similar results.

: This regularity of results from test truck runs provides a solid base for the
nterpretation of stress data from regular truck traffic.

‘2:Stress Data from Regular Traffic

Two conditions had very strong influence on the stress data obtained from
regular truck traffic during the four days of field measurement.

{1) The live load stresses due to trucks were quite low, and

(2) There were very few trucks traveling across the bridge.

The recorded magnitude of maximum, minimum and range of live load stresses
: due to regular trucks were all below 1 ksi. In fact, most of the stress ranges were well
:.below 1 ksi. Figures 3.22 and 3.23 are stress-time data of some gages produced by
“several of these trucks. Compared to the corresponding stress-time record from the
“test trucks, it is obvious that the characteristics of stress variation is the same and the

magnitudes are comparable.

ke The estimated ADTT was 640 in both directions (by LaDOTD). The actual truck
“traffic during the recording hours was less than a third of this estimate. With such low
“volume of truck traffic, not much stress data could be recorded. Nevertheless, based
-on these limited data, stress range frequency diagrams for some gages are compiled.
These are gages with relatively higher stress magnitudes from the test truck runs.
- The frequency diagrams are presented in Figures 3.24 to 3.31. The corresponding

tabulation are given in Tables 3.7 to 3.9.



In each of the stress range frequency diagrams, the number of occurrences are
plotted against the live load ;.;tresses, as bar charts. The general location of the strain
gage is sketched below the diagram. For example, gage 46 at BA14A 2-a-T (Channel
7 of cross girder 5, Figure 3.25) was subjected to 18 cycles of stress range between
0.30 and 0.686 ksi, 3 cycles between 0.66 and 1.02 ksi, and 2 and 1 cycle between
1.02-1.38 ksi and 1.38-1.74 ksi, respectively. These data are listed in Table 3.7,
Also listed are the equivalent constant amplitude stress ranges (S,,) for all stress
cycles above the indicated stress range magnitudes.

In all cases (see Tables 3.7 to 3.9}, the magnitude of the maximum stress
range, the equivalent constant amplitude stress range, and the occurrence frequency
are very low.

3.3 Stresses from Unknown Cause

While the magnetic tape recorder was set up for monitoring the strain changes
at cross girder 5, a surge of strains was recorded at all gages while there were no
trucks on the bridge. The stress-time response of this occurrence are shown in Figure
3.32. These traces do not have the characteristics of the truck-load induced response.
Nor can the surge be attributed to electrical noises which have high frequencies. It
is speculated that the cause could be from a wind gust or some structural release, at
a cable or tie down, or ground motion as it was felt by the team working on the
bridge.

Table 3.10 summarizes the stresses produced by this occurrence. The highest
stress range was 16.3 ksi at gage 46 (Channel 7, BA14A 2-a-T). The adjacent gage
48 (BA14A 2-a-B in channel 8) experienced 8.41 ksi. Examination of these data and
the stress-time traces revealed that all gages except gage 47 (Channel 1, BA14 2-TF)
were in tension at the same time. Gages 47 and 49 ({Channels 1 and 2, BA14 2-TF
and BA14 2-MD) had a minor reversal of stress. All these gages were at one cross
section (see Figure 2.21}. Without simultaneous stress records from cross girders 3
and 4, a more detailed examination cannot be made. [Although it could be further
speculated that the cable at CG5 on the west side pulled the cross girder and

generated tension in the box girder, particularly at BA14A 2-a beyond the cross girder.
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4, RESIDUAL CRACK AT CROSS GIRDER CONNECTIONS

4.1 Crack Characteristics

There were several retrofit holes where the crack in the trapezoidal box girder
web was not completely removed by the hole. There existed uncracked ligaments
between the retrofit holes and the edges of plates to be evaluated. A number of these
locations were identified in References 1 and 2.

The strain gages installed in the west box girder at cross girders 3, 4 and 5
permitted an assessment of the maximum stress range at these locations. Although
no measurement of stresses was obtained at other cross girder locations, the stress
magnitudes obtained at CG 3, 4 and b will be comparable to those at CG10, 8 and
8, respectively. (See Figure 1.1.}

Table 4.1 provides a summary of the applicable detail and core locations as well
as the strain gage numbers at these locations.

Figure 4.1 shows the uncracked ligament at CG9 Unit BA22B, detail 2-a-B. The
core removed from this location can be seen in Figure 4.2, At CG10, unit BA26B, two
distinct uncracked ligaments can be seen at Detail 1-a-B, in Figure 4.3.

At cross-girder 5 {CG5), only one core was available to define the crack front.
Figure 4.4 shows the edge crack extending into the web plate from the inside surface.
No other defined crack fronts were available from CG5. The field measurement results
would be applicable to CG8.

At CG4 unit BA12A, two cores were removed from Detail 1-a-T, as seen in
Figure 2.15. Core 2 contained the crack tip, as shown schematically in Figure 4.5
The exposed surface of the crack tip in Core 2 can be seen in Figure 4.6, Core 3
adjacent to the re-entrant corner of this joint had a small uncracked ligament near the
outside surface of the web, as shown in Figure 4.7. At Detail 2-a-T of unit BA12A,
an uncracked ligament also was épparent from Core 4, as illustrated in Figure 4.8.
Figures 4.9 and 4.10 show the crack conditions in Unit BA12B at Details 1-a-B and
2-a-B. At the Core 1’ adjacent to Detail 1-a-B, edge cracks can be seen on each side

of the uncracked center ligament. The crack tip was 0.95 inches from the outside

10



ace and 1.16 inches from the inside surface, providing near symmetrical edge

acks. Figure 4.10 shows that core 5’ has an embedded crack with a small (0.14

hes) ligament on the inside edge. The total crack length is 1.04 inches.

At cross-girder CG3, only three of the five cores contained cracks. As a result,
e'uncracked residual ligaments were not defined at Details 1-a-B and 2-a-T in Unit
8A Figures 4.11, 4.12 and 4.13 show the crack fronts at the retrofit hole for
stails 1-b-T, 1-b-B, and 1-c-B. ’

The field inspections in 1986 indicated that the residual cracks had not
nded as a result of the cyclic loading to that time.

Crack Growth Predictions

Among the details listed in Table 4.1, the most severe crack extension
acteristics occur at cross girder CG4, where the largest stress ranges observed
re at Details BA12B 1-a-B and 2-a-B {gages 41 and 43}. The maximum measured
st .f;ss range occurred when two HS20 vehicles crossed the span side by side. The
ss range was 0.74 ksi at gage 41, and 0.64 ksi at gage 43.

At BA12B 2-a-B, an embedded crack existed, as illustrated in Figure 4.10. The
possibility of crack extension at the smaller ligaments was examined assuming an

bedded crack model ',

112

AK = S, yma |sec | T2 (1)
: 2w

ere AK = stress intensity range, ksivin.
'S, = stress range, ksi
a = half the embedded crack length, in.

w = distance from the center of the crack to the edge of the plate, in.

11



At Detail 2-a-B, with S, = 0.74 ksi, a = 0.52 in. and W = 0.66 in., Eq. 1 provided:

AK

1.32
1.66 ksi {in . < AK, = 2.75 ksi Vin .

112
0.74 V7 (0.52) [sec[n ‘0'52’]:\ (1)

This indicated that crack extension was not likely to occur at this crack under
this peak stress range condition. The predicted stress intensity factor was well below
the crack growth threshold, AK,®*. Hence, no crack extension would be predicted.
The magnitude of the crack growth threshold, AK,, = 2.75 ksi v/in. corresponds to
a worst case assumption. It assumes that large residual tensile stress from weld
restraint still exists at the crack tip.

At Detail BA12B 1-a-B, the crack was more severe as the edge cracks were

larger. The edge crack model used was (3

112
AK = 1.12 S, [2w tan 1“:‘.] (2)
2w

at Detail 1-a-B, S, = 0.64 ksi, a = 1.16 in. and w = 1.36 in.. Hence,

AK = 1.94 ksiin .< BAKy,

Again, crack extension was not likely.

The information available indicates that under traffic conditions, cyclic stresses
in the trapezoidal box units are not likely to exceed the crack growth threshold. The
maximum stress range in the box girder units varied from 0.1 ksi to 0.74 ksi at the
a, b, and ¢ details with cracks. None of the existing cracks are likely 10 extend under
these conditions. Additional measurements should await completion of the connecting
roadways, so that higher frequency truck traffic will occur and a larger number of

stress cycles be allowed to accumulate.
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NCLUSIONS

;-éased on the results of field measurements of stresses at the retrofit holes in

apezoidal box girders, the following summary can be made.

(A} The live load stresses due to test trucks were low. Two simulated HS20

"cks traveling side by side generated the highest live load stress range of 1.32 ksi

' retrofit hole. The maximum and minimum stress was 0.54 and -0.78 ksi,

'_"é‘ctivety. Most of the 59 strain gages had maximum stress range levels well below

0 ksi from the test trucks.

(B) There was very little impact or dynamic effect from the test vehicles.

‘rucks traveling at crawl speed generated practically the same stress magnitudes as

cks traveling at 60 mph.

(C) There was only light traffic on the bridge. During the period of stress

neasurement, the regular traffic trucks generated maximum stress magnitudes
omparable to those developed by the test trucks.

{D} By using the measured stress magnitudes and the actual dimensions of
racks at the retrofit holes, it was determined that none of the existing cracks are
ikely to propagate under the current traffic conditions. |

(E) An unknown cause, possibly a wind gust and structural release, produced
one excursion of relatively high stresses at the strain gages being monitored at CG5.

“The maximum stress range was 16.3 ksi at a single retrofit hole. This type of event

“only occurred once during the duration of these studies.
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6. RECOMMENDATIONS

From these results, the following recommendations are suggested.

(A) Additional measurements of live load stress should be made when the
connecting roadways have been completed. More trucks will likely induce higher
magnitudes of stresses and higher frequencies of occurrences.

(B} Consideration should be given to continuous monitoring of stresses at a few
retrofit holes for an extended period of time (at least two weeks). This will provide
more information on live load stresses generated by all causes, including truck traffic.
wind loads, and all other conditions. It is recommended that these measurements be
carried out in 1996.

(C) Routine inspection of the retrofit holes should be continued at norme’
inspection intervals covered by the biannual inspections. There is no reason for more
frequent examination as long as the truck traffic frequency remains low (i.e. less thar.
1000 ADTT).

14
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Table 2.1
STRAIN GAGE IDENTIFICATION AT CG3

Luling Bridge
Gages at Cross-Girder 3

Identification Gage No. Box Output

BA8 B 1-b-B 1 1
B 1-b-T 2 2
B l-a-B 3 3
B 2-b-T 4 4
B 2-b-B 5 5
B 2-a-B 6 6
B 2-c-B 7 7
B 1-c-B 8 8
B 2-4-B 9 9
B 1-d-B 10 10
A 2-d-T 11 11
A 2-b-B 12 13
A 2-b-T 13 14
A 2-a-T 14 15
2-TF 15 16

A 2-c-B 16 22
2-BF 17 17

A 1-4-T 18 12
A l-a-T 20 18
A 1-b-T 21 23
A 1-b-B 22 24
1-TF 23 19

A l-c-B 24 21
1-BF 25 20

17




Table 2.2
STRAIN GAGE IDENTIFICATION AT CG4

Luling Bridge
Gages at Cross-Girder 4

Identification Gage No. Box Output
BAl2 A 2-a-1 26 1
A 2-a-2 27 2
A 2-a-3 28 3
A 2-a-4 29 4
A 2-c-T 30 6
A 2-b-B 231 5
A 2-4-T 32 10
B 2-d-B 33 11
A 1-b-B 34 7
A l-a-B 35 8
A l-c-B 36 9
A 1-d-T 37 12
B 1-d-B 38 13
B 2-a-T 39 14
B 2-b-B 40 16
B 2-a-B 41 15
B 1-b-T 42 19
B l-a-B 43 20
B l-c-B 4L 21
B 2-c-B 45 18
B 2-b-T 0 17

18
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Box Output

46
47
48
49
50
51
52
53
54
55
56

Table 2.3
STRAIN GAGE IDENTIFICATION AT CG5
Luling Bridge
Gages at Cross-Girder 5

Gage No.
57
58
59
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Traveling

2(1)

1

1/2
2/1
2/1
2/1
2/1
2/1
(1) Truck No. 1,352, 80.14K
.. Truck No. 2,353, 82.18K

(2) Approximate Speed

Lane Location
Passing

1(h

2

Speed
(D{ptl)(z)

21

Table 2.5
TEST TRUCK RUNS,

5

60

60

60

60

60

60

60

60

Direction

5B

NB

SB

NB

SB

NB

SB

NB

SB

NB

SB

NB

Remarks

Abreast
Abreast
Abreast
Abreast
Abreast
Abreast
In Tandem®
In Tandem()
In Tandem‘™?
In Tandem®’
In Tandem®™

In Tandem‘®’

(3) Approximately 500 ft. apart for Run No. 7 and 150 ft. apart for Runs 8 to 12



Traveling

2(1)

1

1/2
2/1
2/1
2/1
2/1
2/1
(1) Truck No. 1,352, 80.14K
Truck No. 2,353, 82.18X

(2) Approximate Speed

Lane Location
Passing

1H

2

Speed
(th)(z)

21

Table 2.5
TEST TRUCK RUNS, CG5

5

60

60

60

60

60

60

&0

60

Direction

SB

NB

SB

NB

SB

NB

5B

NB

SB

NB

SB

NB

Remarks

Abreast
Abreast
Abreast
Abreast
Abreast
Abreast
In Tandem‘
In Tandem®’
In Tandem‘™
In Tandenm®’
In Tandem®’

In Tandem®’

(3) Approximately 500 ft. apart for Run No. 7 and 150 ft. apart for Runs 8 to 12



Table 2.6
TEST TRUCK RUNS, CG4

Run No. Lane LocationSpeed Direction Remarks
Traveling Passing (Mph) (&

1 1¢h 2¢1 5 ~ SB Abreast

2 2 1 ) 5 NB Abreast

3 1 2 60 SB Abreast

4 2 1 60 NB Abreast

5 ' 1 2 60 SB Abreast

6 2 1 60 KB Abreast

7 2/1 - 5 SB In Tandem(3}
8 2/1 - 5 NB - In Tandem‘®
9 2/1 - 60 SB In Tandem(3
10 2/1 - 60 NB In Tandem®’
11 2/1 - 60 SB In Tandem®
12 2/1 - 60 NB In Tandem‘®}

(1) Truck No. 1,352, B0.1l4K
Truck No. 2,353, 82.18K

(2) Approximate speed

(3) Approximately 150 ft. apart




) Table 2.7
TEST TRUCK RUNS, CG3

aun No. Travti?igLoc;Zizgng %E;ﬁ?(% Direction - Remarks
ALY, 2tV 60 SB Abreast
2 1 60 NB Abreast
1 2 60 SB Abreast
2 1 60 NB Abreast
2/1 - 60 SB In Tandem‘®’
2/1 - 60 NB In Tandem‘®
2/1 - 60 SB In Tandem®®
2/1 - 60 NB In Tandem
1 2 60 SB Abreast
2 1 60 NB Abreast
1 2 60 SB Abreast
2 1 60 NB Abreast
2/1 - 60 SB In Tandem®®
z2/1 - 60 NB In Tandem“"’
2/1 - 60 SB In Tandem®
2/1 - .60 NB | In Tandem®

‘Truck No. 1,352, 80.14K
Truck No. 2,353, 82.18K

Approximate speed

Approximately 150 ft. apart, except Run No. 7 (200 ft. apart)

23



| Table 2.8
| -$TRAIN GAGE GROUPING, €G5

T m—

Channel Gage No.
1 47
2 49
3 52
4 53
5 54
6 56
7 46
8 48
9 55

10 57
11 58
12 59
13 50
14 51

24

Grouping Arrangement of Gages at CG5

Gage

BAl4
BAlS
BAl4
BAl4
BAl4
BAlL
BAlL
BAlL
BAl4L
BAl4
BAlL
BAl4
BAl4
BAl4
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Gage 1D
BA12 A 2-a-1
BAlZ A 2-a-2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
Bal2 B l-c-B

CG4

31
30
34
35
32
33
38
39

Table 2.9
STRAIN GAGE GROUPING,

Gage No.

26

27

28

29

36

37

41

40

45

42

43

44

25

Grouping Arrangement of Gages at CG4
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Table 2.11

STRAIN GAGE GROUPING FOR REGULAR TRAFFIC

Grouping Arrangement of Gages for Regular Traffic

Channel

15
16
17
18
19
20
21

Gag

2
14
20

26
27
28
29
34
35
36
33
37
41
43

46
47
50
48
52
58
59

e #

27

Location

CG3

CG4

CG5
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Table 3.1
STRESS RANGE (KSI) INDUCED BY TEST TRUCKS SIDE BY SIDE CG5

CG5 Test Trucks Side by Side

Gage No. Southbound Northbound
46 .19 0.09
47 0.41 0.26
48 0.16 0.08
49 0.23 0.16
50 g.61 0.51
51 0.65 0.46
52 0.67 0.50
53 0.42 0.38
54 0.27 0.20
55 0.04 0.08
56 0.64 0.51
37 0.33 0.08
58 0.57 0.45
59 0.57 0.36

28 .




Table 3.2
STRESS RANGE (KSI) INDUCED BY TEST TRUGKS IN TANDEM CG5

Test Trucks in Tandem

CG5

Southbound Northbound

Gage No.

0.09
.15
0,07
0.15
0.33
0,33
0.36
.23
0.17
0.06
0.36
0.07
0.27
0.22

0.15
0.24
0.12
0.16
0.42
0.39
0.40
0.26
0.15
0.06
0.36
0.30
0.38
0.30

46

47

48

49

50
51
52
53

54
55

56

57

58
59

29



Table 3.3
STRESS RANGE (KSI) INDUCED BY TEST TRUCKS SIDE BY SIDE CG4

CGa Test Trucks Side by Side
Gage No. Southbound Northbound
26 0.43 0.27
27 0.08 0.04
28 0.32 0.10
29 0.20 0.15
30 0.33 0.15
31 0.18 0.15
32 0.25 0.14
33 0.81 0.57
34 0.08 0.15
35 0.16 0.23
36 0.11 0.18
37 0.22 .31
38 0.78 0.66
39 0.14 0.07
40 1.26 0.90
41 0.74 0.51
42 0.54 0.39
43 0.63 0.36
4ty 0.90 0.51
45 0.83 0.57
0 0.48 0.24

30




Table 3.4
STRESS RANGE (KSI) INDUCED BY TEST TRUCKS IN TANDEM CG4

CG4 Test Trucks in Tandem
Gage No. Southbound Northbound
26 0.27 0.12
27 0.07 0.02
28 0.30 0.04
29 0.13 0.09
30 0.30 0.06
31 0.13 0.08
32 0.15 0.08
33 0.66 0.36
34 0.04 0.08
35 0.12 0.12
36 0.04 0.12
37 0.09 0.16
38 0.48 0.45
39 0.10 0.06
40 1:05 0.48
431 0,56 0.30
42 0.47 0.21
43 0.48 0.21
44 0.66 0.30
45 0.57 0.36
0 0.39 0.15

21
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