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Chapter 1

INTRODUCTION

This report demonstrates how field monitoring has been used
to assist in the management of the State of Connecticut's bridge
infrastructure. This study is part of a continuous effort to
provide information on the performance of different bridges, both

before and after renovations.

Typically, design of different parts of bridges is based on
application of theory to practice, with emphasis on how the
structure is presumed to behave. In even the most carefully
conceived design, it is not always possible to consider all
variables. Further, analytical tools are not always adequate in
evaluating stresses and strains of different members and
connection elements. This is particularly true with respect to
localized areas in these members. Even finite element analyses,
which has great potential for determining stresses and strains in
specific parts, does not provide exact answers. The development
of the method is based on assumptions, and any application must
rely on simplifications, particularly when localized areas are

1



under investigation.

Areas in which field monitoring is beneficial in the
evaluation of the performance include measurement of stress
levels in connections, evaluation of how loads are distributed to
different members, determination of deformational induced
behavior and the development of fatigue predictions. Monitoring
is useful to determine whether repairs are required, to assist in
developing how they should be made and to evaluate the behavior

following repair.

This report shows how a portable strain monitoring system

has been used in the evaluation of four bridges in the State of

Connecticut. The problems considered were:

(1) Determination of stress levels in a critical hanger in

an older bridge subject to corrosion.

(2) Determination of the cause of cracking, i.e. whether it

was due to fatigue loading or fabrication problems.

(3) Determination of the effective stress range needed in



the evaluation of fatigue capacity.

(4) Determination of the live load rating in a bridge with

different girder sizes.



Chapter 2

STRAIN MONITORING SYSTEM

2.1 System Hardware

Although strain monitoring is not new, recent advances in
electronics have vastly improved the capabilities and data
collection speed for portable acquisition hardware. The
essential requirements for a portable strain gage system are the
need for reliable data in a variety of test situations and the

ability to collect data under normal vehicular traffic.

The basic electronics for the strain monitoring system used
(MEGADAC 3008DC) was developed by Optim Electronics Corporation
of Germantown, Maryland. The system was first used to study
fatigue cracking (2). The system contains a memory buffer, and
it is controlled by a portable computer which also allows for

permanent storage of data. The full system is shown in Fig. 1.

The system software (Test Control Software) provides for
different test procedures and data control. Included are user

4



defined data limits, which allow recording of only data in the
range of interest, and triggers which allow for different lengths
of data collection. These features are especially useful in
determining stress histories, without collecting excessive,
unneeded data. Also critical in data collection is the ability
to collect and store data at sufficient speed to evaluate the

dynamic component, necessary in assessing impact factors.

2.2 Effective Stress Range Software

One of the goals of this research was to automate the data
analysis. Strain gage data obtained during field studies is
often used to investigate fatigue cracking in steel bridges. The
stress parameter governing the fatigue behavior of members is the
Effective Stress Range, 8,. A program was developed to calculate
the Effective Stress Range and determine the remaining fatigue

life of structural members at intervals during data collection.

The Automated Effective Stress Range program calculates the
Effective Stress Range S, using the procedure described in
section 2.1 (Alternative 1) of the AASHTO "Guide Specification

5



for Fatigue Evaluation of Existing Steel Bridges" (3). The
program can also calculate the remaining fatigue life of the
members, with the input of additional information by the user.
This calculation follows the procedure given in Section 3 of the

Guide Specification.

After defining the stress intervals the program determines
the fraction of peak stress ranges falling within each interval.
An example is shown in Fig. 2. This shows a graphical
representation of the data in the form of a stress range
histogram. The effective stress range 8, is calculated by

applying Minor's rule, stated as follows:

s - (), £ §3)¥3
3 rr

xr

where:
£, = Fraction of stress ranges within each
interval.
Sy = Stress at the midwidth of the interval.

S, is then used to calculate the fatigue life. If the



remaining fatigue life is not infinite, the program calculates

the mean and safe remaining life ¥, from the following relation:

£ K 10°
3
T, C (R, S)

where:

£ = 1.0 for calculating safe life and 2.0 for
calculating mean life.

K = AASHTO detail constant

T, = Estimated lifetime average daily truck
volume in the outer lane

c = Stress cycle per truck passage

R, = Reliability factor

S, = Effective stress range

a = Present age of bridge in years

The procedures for calculating T,, C and R, are presented in the

guide gpecification.

Since the program provides a table of peak stress ranges, by

7



channel, for each data set recorded, it is also useful in other

evaluations.



Chapter 3

TOMLINSON BRIDGE:

This study was performed to obtain stress data and assess
suspected structural problems in the hangers. The age and level

of corrosion made analytical assessments impossible.

The Tomlinson is located in New Haven, Connecticut, and
spans the Quinnipiac River. The structure is a draw bridge
consisting of two sections. Large concrete counterweights,
located on the abutment sides of the main bearings, balance the

superstructure weight.

Each counterweight is supported by two hangers, and each
hanger consists of two I-shaped structural steel members. The
counterweight hangers are connected to bearings, which allow the
counterweight hangers to remain vertical for any bridge

superstructure angle. The hangers are shown in Fig. 3.

The design consultant and ConnDOT personnel speculated that
friction in the counterweight hanger bearings was inducing

moments in addition to axial forces 1in the counterweight



hangers. This field test was performed to verify this assumption
and determine the magnitude of the stresses. The consultant
believed that the stresses in the hangers were significant and
that the hangers should be strengthened immediately, even though

the structure would soon be replaced.

Four strain gages were placed on both the hangers on one
side of the bridge. Figure 3 shows the location of the strain
gages used. Strain gage data were recorded for four complete
loading cycles. A complete cycle began with the bridge at rest
in the horizonal position. The bridge was then raised to the
maximum vertical angle (approximately 90 degrees) and momentarily
stopped. The cycle was completed by lowering the bridge to the
initial (horizontal) position. The recording speed was 20

readings per second per gage.

Figures 4 and 5 present stress versus time plots for the
outside and inside hanger members, respectively. The changes in
stress in the gages on each hanger member during opening and
closing are approximately equal in magnitude and of opposite
signs. These stresses during movement thus show that the members
are subject to bending. The inside member (gages 1 and 2)

10



experienced a maximum bending stress of 4.4 KSI. The outside
member (gages 0 and 3) experienced a maximum bending stress of
6.6 KSI. The results for each recorded cycle are similar, and

they are shown in Table 1.

The test results confirmed that bending occurs during
opening and closing and that stress levels due to bending are
significant. Calculations show that the dead load stresses are
approximately equal to the allowable stresses based on the
estimated section loss in the hangers. Thus it was concluded

that the additional live load stresses could cause failure,

resulting in a collapse. The decision was made to strengthen the

hangers immediately, even though the structure would be replaced.

11



Chapter 4

ROUTE 7 BRIDGE OVER STILL RIVER

This study was performed to determine the cause of cracking

in this steel girder bridge.

The 15 year old bridge is located in Brookfield,
Connecticut. It carries CT Route 7 over Still River and Grays
Bridge Road. The superstructure is a two span continuous welded
plate girder bridge with a composite concrete slab deck. The
five girders carry traffic in one direction only. An adjacent
structure carries traffic in the other direction. Girder loads
are transferred to the abutments via pot bearings. Cracks have
developed in the longitudinal welds that join filler plates at
the top girder flange, shown in Figure 6. The filler plates
connect the bearing stiffeners to the girder flanges at the
interior support. This detail was used to avoid using a direct

transverse weld between the bearing stiffener and the flange.

Two strain gages were used on the first interior plate
girder, located directly beneath the low speed travel lane. One

12



gage was placed on the upper flange and one on the lower flange
near the interior support. Both were placed in the longitudinal

direction. They are shown in Figure 6.

Strain gage data were recorded for 25 truck events. The
test was set to record only when the stress in either flange
reached +/-300PSI. This eliminated data due to small vehicle
loading. The recording speed was 30 readings per second per

gage.

All the data sets, except numbers 22 and 23, exhibited
similar behavior. The maximum stresses are given in Table 2.
Figure 7 shows a typical Stress versus Time plot for a "normal!
data set. Two peaks are evident, one as the vehicle approaches
the interior support and one after the vehicle passes the
interior support. The magnitude and duration of the peaks are
comparable. As expected, the top flange is in tension and the

bottom in compression.

Plots of the stresses for Data set 23, which is not typical,
are shown in Figure 8. This behavior is distinctly different
from all other data sets. The top flange is in compression

13



(instead of tension) with a magnitude is 2.66 KSI (10 times the
largest tensile reading). Also, the event duration is much
shorter, with a more rapid loading rate. As the maximum stress
in the top flange is reached, the stress in the bottom flange is
near zero. One possibility is that the behavior is due to an
eccentric axial load, rather than bending stress. This suggests
that the top flange is restrained. When the restraint is
released, perhaps by another vehicle, a compressive force is
imparted to the deck and girder at the level of the top flange.
This restraint/release behavior could be caused by constraints in
the deck joints at the abutment.

The data sets show a maximum top flange tensile stress of
0.263 KSI and an average peak stresgss level of 0.165 KSI for live
load. These stresses are well below the fatigue limit for the
welds. Thus, this data suggests that these cracks are "cold
cracks" which developed during fabrication, most likely because
of low quality welds. They are essentially due to cooling
immediately following welding. No remedial measures are

therefore required.

14



Chapter 5

THE YANKEE DOODLE RBRIDGE

This study was performed to investigate fatigue cracking in

a steel bridge.

The Yankee Doodle Bridge is located in Norwalk, Connecticut.
It carries Interstate 95 over the Norwalk River. The seven span
superstructure has continuous welded plate girders supporting a
composite concrete slab deck. There are eleven longitudinal
girders. The structure is approximately 35 years old and carries

a large number of trucks.

The plate girders are non-prismatic. At approximately the
third points, the flange plate thickness changes from 1-1/4" to
1-3/4" in the interior girders. The plates are joined by Double-
V Groove welds. Defects have been detected in many of these
welds when John W. Fisher, Lehigh University, evaluated the

physical characteristics of these defects (4).

Fisher and ConnDOT engineers recommended determination of
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the effective stress range at the weld locations. This stress
range, under representative live loading, is required to
determine if the weld defects will propagate in the future. The

weld defects are assumed to behave like cracks.

Four strain gages were installed on girders G8 and G9 within
the second span from the west abutment, shown in Figure 9. The
gages were installed on the thinner of the two lower flange
plates within 6" (horizontally) of the groove welds. Two gages
per girder were used, one near each lower flange splice at

approximately the third points. This is shown in Figure 10.

Strain gage data was recorded for 239 truck events. The
strain gage monitoring system was configured to record data from
all four gages when gage 1 reached +/- 400 PSI. This eliminated
data corresponding only to cars and light trucks. Data was
stored from 1.5 seconds before to 1.5 seconds after each truck
event, to ensure that the peak portion of the loading range was
captured. The recording speed was 30 readings per second per
gage. Figure 11 and 12 show typical stress versus time plots for

a truck event.

16



The effective stress ranges at each gage location were
determined. The resulting histograms are shown in Figures 13

through 16 for each of the four gages.

The estimation of the fatigue resistance was based on
Fisher's recommendations in his report (4). These
recommendations are based on crack propagation expressions

developed from a fracture mechanics analysis of the weld defects.

According to Fisher, the cracks would be susceptible to

growth if:
AK > AK,
where:
AK-S_y Ioa
a = half length of central through-thickness crack
aK = stress intensity range
ARy = crack growth threshold (the value of 2.75 KSI

assumes a high tensile residual stress at the weld)

17



Fisher's report indicates that the maximum observed crack length

was 0.5 inches, equal to twice a. This yields:

AK - §_y/ T (0.25) -0.886 S_

Solving Equation 2 for S,, shows that S, must equal or exceed 3.1
KSI for the cracks to propagate. The maximum calculated

effective stress range of 1.65 KSI is well below 3.1 KSI.

Based on the effective stress ranges at typical weld
locations, future crack propagation is unlikely. Thus, remedial
action is not required and it is not necessary to make expensive
repairs. Although no crack propagation was observed, or is
likely to occur in the future, the normal biannual field

inspections should continue for the life of the superstructure.

18



Chapter 6

ROUTE 8 BRIDGE IN TRUMRULL

This study was performed to estimate the live load rating.
Analytical calculations indicated that the live load capacity was
not adequate for the present use. Strain gage testing was used to

provide a more accurate assessment of the actual capacity.

This bridge carries 3 lanes of traffic in one direction.
The plan is shown in Figure 17. The superstructure consists of
simple span welded steel plate girders supporting a concrete
deck. The 7 longitudinal girders are composite with the concrete
deck. An adjacent, identical, structure carries southbound
traffic. Only the structure carrying northbound traffic was
tested. The structure is approximately 25 years old and carries

low to moderate truck traffic.

At midspan, the center girder and the exterior girders have
smaller plates than the rest of the girders. Girders 1
(exterior), 4 (center) and 7 (exterior) use 16" x 2" lower flange
plates at midspan while the rest of the girders use 18" x 2"

19



plates.

Using current code provisions, the center girder has a
design live load capacity rating of HS-9.9. Thus, the code based
analysis concludes that structure has just under fifty percent of
the required live load capacity. Hence, the analysis indicates
that the structure is inadequate and that the planned asphalt
overlay of the deck should be avoided until the structure is

strengthened.

Strain gages were installed on girders 4 and 5 near the
midspan of the girders, shown in Figure 18. The gages were

installed on the top face of the lower flange plates.

Strain gage data was recorded for 62 truck events. The
strain gage monitoring system was configured to record data from
both gages when either gage reached a live load stress of +500
PSI. This eliminated data corresponding only to cars and light
trucks. Data was recorded from 1.5 seconds before to 1.5 seconds
after each truck event. The recording speed was 30 readings per

second per gage.

20



Figures 19 and 20 show the maximum observed stresses for the
two strain gages, equal to 1.60 KSI and 2.15 KSI for two typical
data sets. The center girder experienced the greater stress
levels of the two girders in 25 of the 62 recorded truck events.
Thus, it is likely that the larger stress has more to do with the
truck's position on the deck than the plate size difference
between the two girders. Visual observation of trucks passing
the bridge confirmed this. The weaker girder does not always
experience greater stress levels. In fact the weaker girders
reduced stiffness probably allows more load to be transferred to
the adjacent girders. The heaviest observed truck was a loaded
tractor trailer. It is clear that the actual live load stresgges
are considerably smaller than the computed stresses based upon

AASHTO assumptions.

The bridge was reanalyzed using the maximum live load data
obtained from the field strain monitoring. The maximum observed
stresses were doubled to account for the possibility of
simultaneous multiple truck loading. The resulting live load
rating was in excegs of HS-30, exceeding the required live load
capacity of HS-20 by more than 50 percent. Hence, no
strengthening of the bridge girders was required, with a saving

21



in both time and expense. The deck overlay and joint repairs

could continue as planned.
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Chapter 7

Conclusions

This report demonstrates the benefits of using field strain
gage testing to generate information on the actual behavior of
different steel bridges. Analyses do not always adequately
predict stress level, particularly in localized areas of
connection elements and members. This is often due to
difficulties in accounting for stress concentrations. At other
times redundancy makes analytical predictions approximate at
best. Field testing, combined with careful analyses, can provide

many answers where analyses are approximate at best.

This report presents four case studies which were used to
determine whether changes and/or repairs were necessary. The

results of these case studies are:

(1) The stresses in the corroded hangers for a 70 year old
drawbridge were high. Thus emergency repairs were needed, even

though the bridge was scheduled for replacement.
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(2) The cause of cracking in the vicinity of the diaphragm
connections in a 15 year old steel girder bridge was not a result
of excessive stresses. Instead it was due to poor welds made
during fabrication. The conclusion of the study was that repairs

were not needed.

(3) The effective stress range in a 35 year old interstate
bridge subject to heavy truck traffic was low enough so that
fatigue should not be a problem. Thus repairs, which would be

costly, were not needed.

(4) The load rating in a 25 year old bridge, due to varying
girder sizes across the bridge width, was predicted by analyses
to be half the required load rating. Testing demonstrated that
the smaller girders to not receive as much live load as predicted
by the analyses and thus are not overstressed. Therefore, it was
concluded that it is not necessary to carry out strengthening,

saving both time and expense.

24



REFERENCES

Sartor, R.R., "Strain Monitoring of Highway Bridge
Structures,”" thesis presented to University of Connecticut
in partial fulfillment of the requirements for the Degree of

Master of Science, Storrs, CT, 1995.

DeWolf, J.T. and Bernard, K.J., "Fatigue Failure
Investigation - Putnam Bridge," Civil Engineering Department
Report JHR 94-237, University of Connecticut, Storrs, CT,

1994.

"Guide Specification for Fatigue Evaluations of Existing
Steel Bridges," The American Association of State Highway
and Transportation Officials, Washington, D.C., 1990 and

1993 revision.

Fisher, J.W., Report to Mr. Steven M. Barton of the
Connecticut Department of Transportation, RE: Yankee Doodle

Bridge, April 1993.

25



53 5AS DUTIO]TUOW obep Urexls :[ oInbTd

(3ID0719 ¥4d 8 0L dY

SHOVO NIVILS
Jd0d _

WNOD  a1avd ]

4 41LdVAV
S\ JALHOI'T 'DIO
W IIM0d Oa

B0 4&...\

40 "TVNOIS 10S/¥88-91S
VIOWOd O1 (S)¥00718
TYNINYAL
. OTETSy v SAIEVO
0d M00gALO0 (e _ NOg€rd
88y Al
| AYALLVE VO 05€/08810S
Q, ¥IMOd Oa N
DAL00E HSs88aY
(A19VD 4IMO0d OL
QIHDVLLY TUIM NITUD) OVAVOIN

ANNOYD HIYVH

26



68°¢
L9°€

TI'

14 A

Ir’e

WeIbOl1sSTH Sbuvy SSoaajs

TZ SInDTH

(IS AONVYH SSTULS

(A%
ort

ree

A Al

€0°€

I8°C

09°T

6€°C

81°C

96°1

SL'T
€S°1

LEY

"TVAYILNI SSTULS
HOVYA 40 SANNOY IHL
INHSHIdTY SIXV-X JH.L
NO SHNTVA dIMO0T dJHL

(SHLAIMAUA TVAYALNI

SANTVA
INIASTIJIAA SIXV-X THL
NO SANTVA dAddN AHL

LIS HHL

99T

LS°0€

68" 9t

L90

- Q) - ! - ! -
Mmoo Y N

Vg

y—

(%) SINAAT SSTULS MDONYU.L

27



ATqUaSSY I=9bURH =2bpPTIg TOSUT TWOJ,

AIIA NV1d

JAIINHIN
HAISLNO

0 OV

a0

T¢ oJanbT4

NOILVAH'TH HAIS

/

[®0
SADVD

€ AOVO O
L SINIT LAALD
XTANASSY .
ONIIVAL In_v : €% < \‘
T ; SADYD
7A9VO S
\ 4/_ YAONVH
AALNAIN 1ADYO|  LHSIAAMYALNNOD
dAISNI ATAINASSY ONII VAL JAONVH
LHOIAAMYAINNOD
ONIIVAL v
LMLD 40 SIXY 1O /
JAQIIO NIVIN AOAId¥d OL
-

(

28



\ISqUSH ISDUPH SPISJ1Q) SWTLL 'SA 580115 - obpTiig UOSUTTWOL

OvlL 0c¢

L

(SANODAS) ANIL

00l

08

09

Ty oanbtg

o 0C O

Vaounma

[N FETRVENEE S m

—

Odrdd 40 -
ODNISOTO

|

;

40dIdd 40 -
OZHZMEO —

h

(ISDI) SSAULS

QO O < N O

29



(SANODIS) ANIL

o 02 O

SO LAS VIV

afa]el

R T = R - S

Ovl 0ZL 00L 08 09

DN

- 4Dardg 40

OZHZmEO

 TANNYHD

(IS3I) SSHYULS

30



SUOT3eD0] obep ureijs puy burijoed, - obptag [ o3nog 9 oInbrg

ddMm 10 STANNVHD
E— AMATIA NV'1d ]
%/A H @\\ IONVT1d OL
/ ! THTIVIV
[~

- -
2 QTANSVAN
SNIVHLS
s N

SATAM AIHOVAD HANHAAILS "O¥d
NOILVAATH AdIS

dONV1

LJOddNS YJOTIHLNI

avoy _
g0Ardd SAVID JANTAAILS ,lf///
LSHIVEAN - ONIIvad [ TANNYHD
— w qIv1d >
INTNLNEY OL

ad \\o TINNVHY | 9oy doL

YAAYIO NIV \&
SATAM ATIOVID

SNOLLVDOT ADVO NIVILS :I°S TANDIA

31



SUWT]I, “SA S€9I3S5 JO 34OTd L[EOTJdAL - obpTag [ oanog ¥/, 9anbTqg

(SANODAS) HNIL
0l 8 9 1% 0
m — i |-
- SO LHS VLVd
80"
|
AONVIA WOLIOE_ . 90- v
Y | A =]
WAURRIHVARA 5
N A AN U
A : | . v\k“m i —
MLy Q«M{Q VAN AN 0 =
/7\/\ </ /c\ 20
TONVIA dOL B
= : ¥0

32



(SANODAS) HINLL

Sy ¥ G¢€ € 62 2 S L G0 O
_ “ | €
| ¢€C.LAS VLVd LT:LOET V\
‘AL Z-
AHONVIA dOL |— ]
A
N A N 1
AW
é ]
AONVTIA WOLLOA

(ISY) SSMALS

33



SUCT3®DOTT 9b®H UTeI]§ U3 TM ueds 3595 JO MOIA UELd - oDbPIIg 91p00d 9ojueX 6 oIubid

NOILYDOT AOVI NIVILS =W

NVdS
dd1d 10 1SaL HHId 1O
- eel ol L STI
T~ | Tr~
. ~ .
o LSVE
019
£ A9VO 1A9VO

69 = -

89 = -

o TAOVO 0 AOVO

MOTd

e SIIIVIL

)

)

€9

143) : —Q >

5 LSAM

C# d4dld 1# ddId INANLNGY LSIM
S

34



TWoT3e007 obed Utex3gs UartM [reded - 9bptad 31pood ooyuex

gaM

ATANSVIANW
SNIVYLS

AONVTL thom a1am FIA00YD

T0T oxnbrg

NOILYOO1
JOVD TVIIdA]

IONVT N\ | @\ ﬁ
_ OLTHTIVNVA _ N\ ._sz o

— :.VN

\H//w !

(TVDOIdAL) NOLLVAHTH AdIS -

Jyd1d

JHIET X WPT aTam IA00UD JHIT T X WP 0
ONVIIWOLLOS s.oqgn0d. FONV1d WOLLOg -
/ / \ M

Y % 14
NOILLVOO1
$ A0VO TVIIdAL $ $
Tl\ ST ——N\,—
gIM JAA@IO
, oI X _.vm\.

(JONELND IDONV1I dOL

35



G'e

SWTIL,

(SaANODAS) AINILL
G¢

¢ Gl

|

|
1
!
i
T

WA

§

"

I AOVD

T

- © © ¥ N ©
o o O O

"SA SS91385 JO 301d 1eo1dA5-obpidd o1pood oodquex

N
S o

TTT oanubtd

(IS SSAYULS

36



SWIL 'SA 569335 30 301d LEOTAAL

G¢€ €

(SANODAS) ANILL

Gc

/4

Gl

|

G0

a\,{%&@@

£AOVD

L

- obptidg o1pood ooyueyk

G'l

TZ1 oXnbtd

(IS SSHAAULS

37



0 [ouueyy I0J4 Weibo3sTH obuey sS9I3F - SBPTId o1pood oo3jUuci

IS AHONVYU SSHALS

$0) 00

00, 00|00 0

TET o4Anbtd

-
—

IS LO'L =

AONVYH SSTULS JALLDHAAH

[ %4

|

| | | | _

-]
o

T

AAAI00Td SLNIAH ADNIL 6£C
| | | | | |

L’SE

() ()
<t (|
(2%) SINTAHT SSTIYLS JIDNAL

38



T Teuueqy) X004 WeXbO31S51H obued s8S8I35 - abptag °@1pood o9jurik

SLT

THT oaubtd

(IS AONVY SSTALS

ST STT 0T SLT ST STI 01 SL 0s’ mN.o _
0| 00| 00| 00 0 o
=
Ol =
0 )
-

0C
€17 5
0 )
v°97 0¢ =
<
IS 66" = 3
AONVY SSTULS TALLOAIAT o &
_ “ | _ _ w
omo_moumm mHZm_>m MU_BE mm_m 4% oc \o/w

39



Z T9uuey) 104 WeIbOjsTH obuey 5850135 - oDbpTig S[pood ooyuex

AURAIR 4

IS S9°1 =
HONVYH SSHALS

HAH

(IS AONVYH SSHYULS
CE 0°€ SL'T ST STT 0T SLT ST ST1 01 SL°

s

b0

0s" sT

0°8I

0°¢

HTHO0DTY SINIAHT AONUL 6¢£C

TGT oIubta

0

- Ve - Vo)
(@] — —
(%) SINFAT SSTALS JIDMIAL

Ve
(@l

40



€ [ouueqy I0J WeIDbOJSTH obuey 550135 - SDbpTig o1pood oo UuBx

try ISSD AONVYH SSTULS

«mm.m 0°€ GL°T §T STT 0T SL°'I ST STI 01 SL° 0SS ST
Tg

$:01 00,0000

IS S€'1 =

HINVYH SSHALS HALLDHAAH

|

T T T T

10T oanbrtya

0°0

AIAIO0Odd SLNAAF ADNAL 6£T
[ { 1 | i |

9°LT

LT

n -

-
—

-
N

) (Ve
(@ —t
(%) SINAAHT SSHALS MDNUL

-
o=

41



SUOT3e007 obep UTEI1s UITM MoTA deld - 9bptid 8 3N0Y : LI o4nbtd

NoLLvD01aovo Nivuls= [l

NVdS 8108 -

[}

I Wvad .

\ 7 NVEd \

\ \k
.Qo.w_ﬁw.wwwém 9 \ : %Mwmm e K -
/ . —® T aovo -/

\ LNVEL K
\ (XOUddY) NVASAIA @ SEOVO NIVYLS \ oJ W m

'DY¥d NOISNVIXH 1O ONIIVAL dax1d 1O 5 N

42




WoT3e007] obep UTexas UITM 11390 - obptag g o3nodw :gl oxubrd

HONVTI OL
THTIVIvd

)

mmsw

AMHAIA NVId

[ NOLLYOO1dDVD dAlL |

N =

P

AIANSVIN
SNIVILS

wC X W8171d
S INVHH
:N x —-O.H \.Hﬁm

P

AV

|

S IWVAd -.81
¥y WVdd -.91

b

NOILVAHTH AdIS

@D 1O 'X0dddV

b INVAL _‘ 0y ~
9ONV1d ‘Lod

-

DNIFVAYL IO

Av

l\.\\

/

NOLLYOO'1 S S

9OVD TVOIdAIL \

- Ji

\ /

dONVId dOL H9IM JHAAIO

43



90 355 ©3eq oWy,

G¢

“SA §S9I3S5 JO 3O0Td =bptad g8 =3nod

_ [ TANNVHD — 0 THNNVHO |I;

(SANODES) HNIL

€ Gc

[ Gl l Go O

|

90 LAS VL TQ

U OO O i mW.mu

_MEE%

N0

T6T oanbta

(ISY) SSTULS

<~

44



€7 395 ©3ed SWIlL 'SA 5859435 JO 30(d obprid 8 93nod

L TANNVHO — 0 TaNNVHO —

(SANODAS) ANILL

¢ ¢t

$C

4

Sl IS0 O

_;uzz<:u_

ECLASVIVA

T0Z oINbTa

o
<

e B
N —

(IS SSTULS

45



TABLE 1: Tomlinson Bridge - Maximum Stre vels
DATA | CHAN | CHAN | CHAN | CHAN
SET 0 1 2 3 DESCRIPTION OF DATA SET
outside inside inside [ outside
1 56 2.9 2.8 6.4 OPENING OF BRIDGE
(DATA SETS 1 & 2FORM 1 CYCLE)
2 4.5 42 -4.1 43 CLOSING OF BRIDGE
3 -3.3 35 232 6.1 OPENING OF BRIDGE
(DATA SETS3 & 4 FORM 1 CYCLE)
4 44 4.4 4.2 4.8 CLOSING OF BRIDGE
3 234 4.0 39 6.3 COMPLETE CYCLE
R (OPENING AND CLOSING)
6 -3.6 3.9 3.7 6.6 COMPLETE CYCLE
(OPENING AND CLOSING)
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L

2: Rout ridge - Maxim

Streeses (KS

MAXIMUM STRESS PER DATA SET

TEST DATA
NAME SET TOP FLANGE (CHANNEL 0) | BOTTOM FLANGE (CHAN. 1)
TENSION .. ,COMPRESSION
1 .104 456
2 187 546
BROOKI1 3 124 45
4 207 .789
5 242 809
6 214 6638
7 .18 581
BROOK2 o 1305 o
9 .0899 .249
10 242 858
\ 11 076 367
BROOK3
: 12 097 .491
13 263 712
14 152 519
15 194 .692
16 242 851
17 235 74
18 131 532
BROOKH 19 Ja31 A22
20 .200 712
21 1263 823
22 041 408
23 1.09; -2.66 - 145; +.93
24 187 657
25 021 367
AVERAGE STRESS 165 KSI 594 KSI
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