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EXECUTIVE SUMMARY

The primary objective of this research was to test in the field a new method for installing break-
away slip-base connections. The new method was developed in the laboratory in a previous
phase of the research, and it is based on the utilization of Belleville spring washers. Stacks of
spring washers, which come pre-wrapped, are installed on the bolts just as any ordinary washers.
The bolts are torqued, and a block of filler gages measures the deflection of the stack of spring

washers which is proportional to the tension in the bolt.

Seven signs were selected along Central and South Florida highways. At each sign, one of the
posts was equipped with bolts with spring washers, while the other post remained connected with
bolts with conventional flat washers. At each sign one of the bolt with spring washers and one of
the bolts with flat washers were instrumented with strain gages. The variations of tension in
these bolts were monitored over a period of one year by measuring the tension of the different

bolts once a week.

The measurements showed that, at the time of installation, the new method was significantly
more effective in ensuring the proper tension in the bolts. Similarly, over the long term, the bolts
installed with spring washers maintained more effectively the tension in the bolt, without any
loosening of the bolt. On the contrary, several bolts instalied with flat washers exhibited a

downward trend in the bolt tension.

The effectiveness of the break-away connection with spring washers was also demonstrated
during a car accident. A car hit a sign post equipped with spring washers, near the Sebastian

Inlet. The break-away functioned perfectly and the post separated from the base.

The opinions, findings and conclusions expressed in this publication are those of the authors and

not necessarily those of the U.S. Department of Transportation.

This report was prepared in cooperation with the State of Florida Department of Transportation

and the U.S. Department of Transportation.
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INTRODUCTION

For the efficient control of traffic on highways it is necessary to provide large directional signs.
These signs require massive fixed supports which, when located near the roadway, constitute a
hazard to the occupants of an errant vehicle. To reduce the hazard, if the signs cannot be located

behind a guardrail, the sign supports must be provided with a break-away device.

According to a detailed, mid-60’s study of break-away signs performed by Edwards, Hirsch, and
Olson at the Texas Transportation Institute, the bolt tension is the single most critical factor for
the safe operation of the break-away sign support. In fact, the bolts in the slip-base connection
must be tightened to a specific tension, in order to satisfy two conflicting requirements: 1) to
ensure that the connection will successfully withstand the service loads due mainly to wind,
traffic, and temperature effects; and 2) to ensure that the connection will break upon impact from
an errant vehicle, thus ensuring the safety of the vehicle’s passengers. Consequently, there is a
need to accurately and directly measure the tension in the bolts, when the break-away system is

installed.

Equally important, is a need to ensure that the tension in the bolts will remain within an
acceptable range throughout the service life of the system. Even if the bolts were correctly
installed with the proper tension, the bolts could still loosen over time. This arises from the fact
that highway signs are subjected to a variety of dynamic loads including the vibrations induced
by traffic, and the effect of wind induced vortex shedding. These vibrations are transmitted to
the supporting structure and can result in a loosening of the base bolts. Temperature changes due
to daily and seasonal changes can also cause non-uniform expansion and contraction of the
break-away assembly introducing residual tension in the bolts. In the case of excessive bolt
loosening, the base sign connection could fail during a wind event, result in a hazard and
disruptions to highway traffic, and result in injury for the occupants of a vehicle, and costly
liability for the responsible jurisdiction. In addition, the losses or damage to traffic signs are

costly.

To solve the above problem, a two phase research program on break-away signs was carried on
at Florida Tech, with funding from the Florida DOT. Phase I of the program addressed the first

need listed above, by developing a new installation procedure for the bolts of the slip-base



connections that will replace the calibrated wrench method currently being used. The new
installation procedure determines the tension in the bolt by measuring the deflection of a stack of

spring washers when installing the bolt.

Phase I of the research program also included laboratory tests on the effect of vibration and
temperature variations on the loosening of the bolts in the break-away. It was shown in the

laboratory that the spring washers substantially reduced the loosening of the bolts.

Phase II of the research program intended to verify, in the field, the results developed in the

laboratory during Phase 1. The objectives of Phase II were the following:

¢ To verify the long-term behavior of the Belleville spring washers, specifically their capacity
to maintain the bolt tension within the acceptable range.

* To compare the behavior of the sign post break-away base installed with spring washers with
the behavior of the sign post break-away base installed with regular flat washers.

* To determine the longevity of the galvanized and stainless steel spring washers in the open

field Florida environment.



FIELD TESTS SET-UP

Instrumentation of Bolis

Two bolts were used: 3/4" —A235 bolts with two different lengths of 3" and 3 1/2"; and 7/8”
bolts also with lengths of 3" and 3 1/2". The 3" bolts were used with standard washer set-ups
while the 3 1/2" bolts were used with the proposed Belleville washer set-ups.

The bolts were instrumented with two strain gages each. The strain gages were mounted 180
degrees apart in the bolt shank in machined grooves in order to protect the strain gages from
contact with the plates and the washers of the break-away connection. The strain gages were
instrumented in this fashion so that the average of the two strain readings would cancel any
bending effects, which may occur in the bolt shait.

+  Two holes were drilled symmetrically in the bolt head above the two grooves to let
electrical leads pass. Figure | shows an example of an instrumented bolt.

The EA-06-240LZ-120 type of strain gages manufactured by Micro-Measurements Group
Inc. was used. The gage resistance in ohms at 24 *C is 120.0 £ 0.3% and a gage factor at
24°C is 2.055+ 0.5%.

To take strain measurements, the gages were connected using a quarter bridge patternto a
P-3500 strain gage indicator which has an accuracy of +0.1% for a gage factor greater than 1.
The strain gage indicator was also manufactured by Micro-Measurements Group Ine.

AR *“n’:g... T .;-,-..-w IR W

'- 5"1.* iy

:
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Figure 1 - 3/4" Diameter Instrumented Bolt



Location and Details of Selected Signs

The first step taken was to select suitable sites throughout Central Florida considering different
conditions of wind, traffic and temperature. Seven appropriate sites were identified along I-95,
I-4,1-75 and A1A, which are typical of different climate and traffic conditions in central and
south Florida. At each site, representative break-away signs were selected for monitoring in

coordination with the Florida DOT. Figure 2 and Table 1 show the location and details of the

selected sites.

Figure 2 Location of Selected Signs

Photograph Dimensions (not to scale)

1. Tampa 12’

I-75 northbound just south of the
I-75/ I4 junction. Connected by
%" bolts. Measurements taken

T 53
since May 1998,

12

Posts: W8X24




2. Orlando

I-4 westbound just north of the
Highway 528 / I-4 junction.
Connected by %4 bolts.
Measurements taken since May
1998,

20

12’

47

——

3. Brevard County 2

1-95 northbound second sign north
of Exit 74. Connected by %4”
bolts. Measurements taken since
May 1998.

.

12

Posts: W8X24

4. Brevard County (1)

I-95 northbound first sign north of
Exit 74. Connected by 7/8" bolts.
Measurements taken since July
1998.

19°-6”

Posts: W10X45

5. Sebastian Inlet

A1A northbound just south of
Sebastian Inlet. Connected by 34”

bolts. Measurements taken since
May 1998.

15’-67’

6. Indian River County

I-95 southbound just south of mile
marker 146. Connected by 34”
bolts. Measurements taken since
May 1998.

Posts: W8X24




7. Martin County

10°

1-95 northbound just north of mile
marker 109. Connected by 347
bolts. Measurements taken since
May 1998.

|
i
i

- A

Poss: WB8X24

Table 1: Location and Details of Selected Signs
Installation of Bolts

After the break-away signs were selected, the instrumented bolts were installed. Each sign had
two posts, each with four 3/4” bolts except for Brevard (1) which has 7/8” bolts. The bolts on
one post were installed using the procedure defined in Phase I [1] with the proposed Belleville
spring washer set-up, using the 3.5 in long bolts. The Belleville spring washer set-up used
included four washers (# AI-1575107), two in series and two in parallel. This set-up requires a
deflection of 0.026” to reach FDOT recommended bolt tension. Deflections were measured
using filler gages. All material (washers, bolts, and nuts) was provided by FDOT with the
exception of the spring washers, which was purchased by the research team. The actual

installation was done by the research team with assistance from FDOT crew.

The bolts on the other post were installed following the conventional torquing method and
washer set-up, using the 3 in. bolts. The bolts installed using this method were torqued to either
35 ft-1b or 43 ft-lb according to individual FDOT specifications. It can be seen that not all sites

use the same torque values. Table 2 shows the specific torques for each of the signs.

Table 2; Recommended Torque Values

Sign Recommended Torque (ft-1b)
Tampa 43
Orlando 35
Brevard County 43
Sebastian Inlet 43
Indian River County 43
Martin County 43




Each post was equipped with one instrumented bolt so a comparison could be made between the
conventional set-up and the proposed set-up. Figures 3 and 4 compare the traditional set-up
using conventional flat washer and the proposed set-up using spring washers. The requirement

was for the washers to maintain the tension within 2400 1b. to 3600 Ib.

Figure 3 - Traditional Bolt Set-Up with Flat Washers

Figure 4 - Proposed Set-Up with Spring Washers

Strain Reading Procedure
1. The signs were checked once a week on average. The Indian River, Martin and Sebastian
signs are checked one day while the two Brevard signs along with the Orlando and Tampa

signs are checked another week day. Sometimes, the checking could not be carried out

because of the weather or because the bolts are not accessible due to flooding.

2. The procedure was as follows:

e Measured the temperature using a BAT-10 Thermometer made by Physitemp, Inc.

o Checked for rusting on the spring washers.



Checked if the strain gages were working (each gage should register a resistance of 120 Q).
Check=4 the offset readings and adjust the strzir: indicator accordingly. The offset readings
were determined by setting the strain indicator readings to zero when the bolt is in zero
tension.

Measured the strains on the left and right strain gages.

Replaced the wires in a sealed plastic bag and the bag is taped onto the signpost.

. The measurements were placed in a spreadsheet. The spreadsheet calculated the tension and

the eccentricity on each bolt.

If some of the instrumented bolts were damaged, the bolt was removed and replaced with
an appropriate regular bolt. The instrumented bolt was brought back, repaired, re-tested in
the lab, and re-installed in the field the following week.

Calculation of Tension and Eccentricity

The monitoring of the bolt tensions began as soon as the bolts were installed. The results show

how the tensions in the bolts changed since they were installed. Table 3 is an example of

spreadsheet results.
Operator| Date | Time Temp Strain Reading (L) Bolt tension Eccent.
c Left Right | Average Ib. kN (in)
Balance| 392 59
Offset >>
S.ON. 7/16/98 9:00 30 284 55 170 2956 13.1 0.074
S.ON. 7/23/98 9:45 32 338 60 199 3470 15.4 0.076
N 8/11/98 1:00 36 237 57 147 2563 11.4 0.067
N 8/26/98 10:30 35 265 92 179 3113 13.8 0.053

Table 3: Brevard (1) Sign, Bolt with Spring Washer (Sample)

The averages of the strain measurements were used to calculate the tensions on each bolt. The

eccentricity measures the distance between the bolt tension force and the centroid of the bolt.

The equations used are:

Tension=T=FE €n A

Where:



E = Young’s modulus measured in the lab. On average, it is equal to 2.9x10 psi

A = area of the bolt

0.75Y ‘
= 71'(—2—) forthe% bolr

2 ™"
= 71:(2%7—5) forthe% bolr

... dg —¢
Eccentricity = ——L+—2&

8 €, +E,
Where:

d = diameter of the bolt

Figure 5 illustrates the relationship between tension, strain and eccentricity.

Axis of Bolt e.
T=E(Ze/2)A T  Boltin Tension
e =(Ag/ Ze)(d/B)
T=E(Ae/2)S
S =n d°*/32
Er Strain
€L

Figure 5 - Bolt Tension Eccentricity



TENSILE TESTS

Prior to installation of the instrumented bolts in the field, tensile tests were performed in the lab,
to ensure that the strain gages had been properly installed. The tests were performed following
the technique described in the Phase 1 report [1]. In each case, the goal was to verify that the
measured modulus of elasticity was close to the theoretical value of 29,000 ksi. Every time a
bolt was brought back to the lab for re-instrumenting, a new tensile test was performed prior to

re-installing.

Below are the results of the tests for each instrumented bolt. The stress-strain curves are plotted
for each bolt. In each figure, the readings from each strain gage are plotted with triangular dots
for the left gage and square dots for the right gage. The average values are represented with a

solid line. The slope of this line or measured modulus of elasticity is indicated in each plot.

Tampa

Figure 6 shows the result of the tensile test of May 18, 1998 for the short bolt (to be installed

with flat washers).

Figure 7 shows the results of the tensile test of May 18, 1998 and the tensile test for the long bolt
(to be installed with spring washers) of December 8, 1998.

Orlando

Figures 8 and 9 show the results of the tensile tests of May 16, 1998 and December 1, 1998 for
the short bolt.

Brevard (2)

Figures 10, 11, and 12 show the results of the tensile tests of May 16, 1998, November 10, 1998
and January 22, 1999 for the short bolt.

Brevard (1)

Figures 13 and 14 show the results of the tensile test of July 14, 1998 for both bolts and Figure
15 shows the tensile test for the long bolt of November 19, 1998.
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Sebastian Inlet

Figures 16 shows the results of the tensile test of December 8, 1998 for the long bolt and Figure
1'7 shows the results of the tensile test of December 3, 1998 for the short bolt.

Indian River
Figures 18 and 19 show the results of the tensile tests of May 15, 1998 and February 3, 1999 for
the long bolt.

Figures 20, 21, and 22 show the results of the tensile test of May 15, 1998, December 8, 1998
and February 2, 1999 for the short bolt.

Martin County

Figure 23 shows the results of the tensile test of December 3, 1998 for the long bolt and Figure
24 shows the results of the tensile test of December 3, 1998 for the short bolt.
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Figure 6 Stress vs Strain, Tampa Sign, Bolt with Flat Washers, May 18,
1998
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December 8, 1998
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Stress vs Strain
Orlando Sign, Bolt w/ Flat Washers
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Figure 8 Stress vs Strain, Orlando Sign, Bolt with Flat Washers, May 16,
1998
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1, 1998
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Figure 10 Stress vs Strain, Brevard (2) Sign, Bolt with Flat Washers,
May 16, 1998
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Stress vs Strain
2nd Brevard Sign North of Exit 74, Bolt w/ Flat Washers
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Figure 11 Stress vs Strain, Brevard (2) Sign, Bolt with Flat Washers,
November 10, 1998
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18



Stress (psi)

5000 +
4500 ~;
4000 -;
3500 -:
3000 -;
2500 -E
2000 -E
1500 ~

1000 +

Stress vs Strain
1st Brevard Sign North of Exit 74, Boltw/ Spring ¥Vashers a

E = 28.839 x10° psi

Strain (ue)

Figure 13 Stress vs Strain, Brevard (1) Sign, Bolt with Spring Washers,
July 14, 1998
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Stress vs Strain
1st Brevard Sign North of Exit 74, Bolt w/ Spring Washers
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November 19, 1998
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Figure 16 Stress vs Strain, Sebastian Inlet Sign, Bolt with Spring
Washers, December 8, 1998
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Stress vs Strain
Sebastian Sign, Bolt w/ Flat Washers
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Figure 17 Stress vs Strain, Sebastian Inlet Sign, Bolt with Flat Washers,
December 3, 1998
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Figure 18 Stress vs Strain, Indian River Sign, Bolt with Spring Washers,
May 15, 1998
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Stress vs Strain
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May 15, 1998
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Stress vs Strain
Indian River Sign, Bolt w/ Flat Washers
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Figure 21 Stress vs Strain, Indian River Sign, Bolt with Flat Washers,
December 8,1998
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Stress vs Strain
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Figure 22 Stress vs Strain, Indian River Sign, Bolt with Flat Washer,
February 2, 1999
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Stress vs Strain
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RESULTS

The results of the field monitoring are presented below for each sign. In each case, the results
are tabulated for the bolt with spring washers and the bolt with flat washers. In addition, the
variation of tension over time is plotted for each bolt. The plots include also the variation of the
temperature over time. Temperature values are represented by white circular dots, while the

tension values are represented by black symbols.

Tampa

The Tampa sign bolts were installed on May 18, 1998 and they have been monitored ever since.
Different persons have been taking readings ever since they were installed. The sign is located
northbound along 1-75 just before the I-75/1-4 junction. It is bolted down using 3/4”diameter
bolts. Figure 26 shows the location of the sign with respect to I-4.

Tables 4 and 5 list the results of monitoring the bolts from May 18, 1998 to July 16, 1999.
Figures 27 and 28 show a plot of tension vs. time for the bolt with spring washers and the bolt

with flat washers.

Post with Post
spring with flat
washers washers

N

I-75 Instrumented Bolts

Figure 26 Location of the Tampa Sign with respect to I-75

After the initial installation, the bolt with spring washers show readings were below the lower

limit of 2400 Ib. The right gage readings also registered negative strains. We suspected a
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defective spring washer stack so the bolt was re-torqued on June 10 with a new spring washer

stack.

From June 24 to October 16, the readings were within the acceptable range as indicated by the
trend line Figure 27.

The left wire was cut from the bolt head on October 23. The bolt was not replaced until
February 2, 1999. One of the reasons why the bolt was not replaced for almost two months was
that a FDOT crew was needed to assist in lifting the sign off the base. We also decided to focus

on the other signs’ bolts because most of them were damaged at that time.

The bolt was replaced on February 2, 1999 and the reading that day was in the acceptable range
at 2755 1b. The reading increased to 4093 Ib. the week after, on February 8. To date, the
readings have kept within the acceptable range.

The bolt with flat washers was also installed on May 18, 1998. The tension readings on that day
and on May 21 were 2915 1b. and 3613 Ib. respectively. The tension readings increased to 4856
Ib. and 4375 1b. on May 28 and June 1. The bolt was brought back to the lab to be re-tested and
was re-installed on June 10. From June 18, 1998 to July 3, 1999 the tension readings were
mostly in the acceptable range. The reading on October 3, 1998 was 865 Ib. but this unusual
reading was performed by a new research assistant and it could be disregarded. At the end of

July, the gage was probably damaged and behaved erratically.

The tension in the short bolt could have been affected when the bolt with the spring washers was
re-installed on February 1. A crane lifted the sign up on the post with the flat washers and this
could have affected the tension. The bolt was re-torqued on February 8, 1999 and the tension
reading that day was still low at 2159 Ib. The tension reading decreased to 1787 on February 15
after which it increased to 2703 1b. on February 22.

32



133

s1aysem Suuds yum jjog ‘ubis edwe] 104 sanfep AYOUILBIDT PUR UOISUS | { BjqE |

00 <0 0Lt2 GRL 66 ¥ €2 [F] a1 €6ALIL adl
6200 v, 1842 ¥ [ [ BE [ cir 68/ L ddr
0€0°0 ¥ 2912 ET i 5 [ 02-2h Q0¥ 66/RIL ddl"
1200 : 9962 3 99 162 2 00°2 10E 66/51/9 ddf*
1200 T 1582 gei 85 1682 ¥E 00:¥ €t 66/1ES ddf
P y200 £e viL L2 29 [V 0% 02 €€ [ 1r
pa| 200 L V67 0EZ En 882 [ [ 3 862 1Y ir
P 1200 0 1262 822 11} 62 [ [1H I Ba//Y Ir
pau[ £100 £ 866 ¥eZ 181 112 G [T%3 11 B6/62/E ir
“RIBUSBM SSBILIEIS LIO BUOU *SIBSEM PaZIeaB vo Supsu] 81070 3 9E0C 162 681 [T 0€ oy 0% 66/ ir
pal| 800°0 6¢ 2062 122 80Z Sre [¥] o5’ viZ (T3 ir
‘Grq eyt w pue Aip aom saipa 80070 ' Y20t 9 tie 652 [ 012 192 66/5H/2 Lr
FLO(NZ-) 34 £F 17 "19ysBM Bujds mon “Mo) uam spu'pentucied | 0100 Z81E £60Y 0zt 25E 162 73 [ 08¢ 6642 1f
92803z-) 314 #¥ 1T VBSYQ MON “HOQ PRIISWINISU M PEORIDGH [ E50°0 E2b GSIZ Sz [T 06 6e [THY} £SE 86/17C if
"NOQ PAUSWINNSLY BOBIdRI O} BIGE 10U SBM [T 281 96/02/1 1 1ir
“HOQ POUBWLINIELY SBI0) C} SIQE JOU SBAN Se: Sé1 [T i
“HOq POjUSLLINIISU) SoRId O) BYGE 10U SEM [TZ 091 [ 1
DB W PUL QMO Bupag PEOY NOG BYI WAJ IND SEM QM T 2 o [ 86201 1ir
‘Beq oy} Uy puR Aup 9s0M SBIRA| BLO0 [3 T} 1262 [T [&] [0 [ 00:1 Byl 969101 ir
By ol v pue Ap wam s 6900 €21 1922 942 (] 1SE SE 204} 118 96/6/01 ir
Geq ogsed u wam sanm| 5500 S 2652 202 8 6IE St [ SE4 9601 ir
$90'0 g1 9¥9Z 02 S8 82¢ [ 00:4 86 96/92/9 N
6£0°0 31} 082¢ 852 051 29 9¢ 06:L €8 96/11/8 N
260°0 61} 5992 802 6 ¥et [ 0621 59 B2/ NOS
1200 [Z1! 0842 Fits 891 S92 [ 0021 o€ 96/v2 NOS
8110 »g £89) vl 8e- zee 9 0€2) [ 96/81/9 NOS
%S Jousem Bupds Mau yum pentuojas yogq
¥30'0 €8 2481 Iri St 8.2 98 [ 22 961049 NOS
001°0 1'8 £181 vt 0+ £62 8z - £l 06/119 NOS
1010 9L [ [ 01- L2 [T [T 96/8/S i)
2010 08 9081 vl [ [ [ £ 96/ TS N
£80°0 L6 8L1Z 0L1 02 [ €€ [) 96/01/5 W
228092 €2 %00 edueeg 8/8LS
{u} N1 q) oBweay | why ya % | oYy
8903 GOUa) 108 {arl) Bujp¥ey uNns dusi | swy |G 8 | ema 30130
Hog buoT
s1s0d yZXBM 'Punaub woy; 2L X 8 X .21 - ubisueas)  uopdyaseq
£6 193 PUBEN] AUD MBid,  spe ubig
"o Burol uaym puey Wby uo LGS ‘p-| 10 A0S ‘GL-| LD TBdWe) U007



S1ayseM Je|d yum jjog ‘ubig edwej 104 sanjep AloujUs03 pue Uoisue ) S 9iqe ]

110'0 T2 2205 Z68 €1l [V € ¥Z8 aly GABLIL ddl’
910 7l GZEE 092 L 261~ 8t €2 eIy [ adlt
3,00 [¥13 IELS LoF Gel [ [ &k S0r B6/E/L ddlt
LELO Ltl GL0E ore 065 ol ot £ 8E 86/S1/9 ddl"
8900 [§T! [ 00€ 215 ] It 00:¥ L€ B6/IES ddi’
Pa| 8600 0Ll oo, €61 ¥6E (3 1£ 0121 €€ GE/BLIY Iy
pal 2500 ’ 0LEY £92 IEY 68 [ 0025 ¥zt [TAYd ir
P 850°0 : 021 (11 £6E [ 3 0Zi} 1) B85 I
paa| ¥80'0 60 \h¥e 16 19€ 0E ¥ 0zl i 6E/BZ/C ir
[ o' [T 9iEE [ 98t 17l 0% 0511 ¥4 66/Z2K ir
| 2200 0Z! £042 112 212 054 ! 00°24 [7] GE/GRIE ir
"Beq u) pue Aip ssam sanm | 2200 08 8L ¥t ¥ £E 26 0Z'2h 29¢ BE/SIZ if
tpuaim entio] meu Busn pentor-ai | 7200 98 6512 694 0z Lig 3 007} 092 66/8/2 il
“6uq oyl w pue Aip siem saml 7200 Gl PLVE 192 ErE 061 92 SS0) (513 [ iy
"6eq oup vy pue Aip asem saum| 2200 3Gy DI5E [7H] 251 561 [3 ozt z8l BE/0Z/1 L 1iF
"68q oyt uy pus Aop asem s [ 6100 'zl 182 122 Oct 901 2t [ Gl1 BGEL/LE Iy
Tom uam s “Geq u pue Lip wem sam ! 0100 I 98.¢ 962 92¢ 692 [ [ 991 86/%/14 Iy
Saim Yjog peosds pue In) Beq 10 100 sem a1 0500 0zl 1692 vie 22t 66 B2 [F GGt 6201 if
"Paos o sSugwey Gug ey u pue Aip ssem saum| 8800 [ 115¢ SiT 18€ 291 6€ [T arl 86/91/01 1T
‘Bequr puB Axp euem sau X2 (I9BIO ¥6B NZ-} Bpd 11T 8 pawosud | 180D Z 91 6€9€ [£H BLE 061 9¢ 20:4 ¥l HE/BX01 Ty
Beq onserd uj Jou wem sexw[ 1650 BE 639 [ 6¥E ¥i2- I3 022 St} 96REL ir
PBLCY §) |} ‘8] 300, [ 8900 601 \¥be 16 628 25 [ o} B6 96/92/8 N
E00'0 L1 Z10v ¥i 226 B 9z [ £8 BE/LIA N
E00°0 61 z62¥ [ 92¢€ [3% Se [LZd) 5] BB/ETIL NOS
£000 Vel 162 81 522 01 [ 00:Z1 o [Cs) NOS
¥20 0 [T 6G6¢ 60¢ 182 186 9 0E'Z1 OF B86/81/9 NOS
9100 051 £L2y vEE L2 06E 9% [ 22z 861019 NOS
pentuaje) PUB B L PaIS6) NOq
$800 | 5ol SLEv e z 159 82 - 1 06/V9 NOS
980°0 iz 958y 6.8 0f 8z 82 - 1] B6/8Z/5 "
£80°0 194 £19€ 4 2 265 2t - 3 96/1215 W
6200 0t} 5162 822 [ (23 €8 - 0 BE/BL/S w
orl 68 (NZ-] psgio sompg [ T%]
{u)) 7] G| sBuieay [ B T3] Y Yy
[Gtes03 uojsu yog {a) Bu|p¥ey wens dusy suy | skegio 4 amg iowedo
Nog yoys

sjs0d yZxBM ‘Puncib wioy 21 X 8 X .24 - ubs ueuo  uopduaseq
L£5 10T Pl ‘A0 Weld, spess ubig
‘ypou Buiob uaym puey Wby LO LBKS *y-| 10 WNCS ‘G4 UO Wdwe| uoReEsaT




133

sioysem buuds yum yog ‘ubis edwe] ‘ewi) sA uoisus| sz ainbi4
sAeq

'l O UOsSus] e uoisus] W UOisud) @ UOlSUS] @ uOISUB W pwipJeddn - - - - pwin JBMOT - = - -

OFv Ocv 0OF OBE 09 O¥E OZE 00E 082 092 ObZ 022 00Z 08} 09 Ol 02l O0L 08 09 OF 02 0

0 —tt——tt -ttt —t—t—t—t ] 0
S+ T 00S
oL + + 0001
Sl 1 oosi o
(ese) Nog vy ®
o oV
® ¢z pajuawirujsul /m paoejdsy 0002 w
.m q o) 2.
- - - -W- - - e - - e - . - - - - - - - - - - - - - E ) - - - - - - - . - - - - - - - - - L - - - u
p— mN 4 SmN —
O ¢ o) —
— * L 2
L ° ® e o o <+ g
0E o 0®%g #&a1 sepun jjog 000t
© .
e - N - TR T AONE £
o © ]
or T ° o + ooov
gp L 1 oost

sisysep buudg /m jjog ‘ubig edwe |
JWli] SA Uoisua |



9¢

S19ySep ie|4 Yim jjog ‘ubis edwe] ‘awi) sa uoisus] gz ainbiy
sAeqg

Julpual |

dwa] 0O uolsua; @ uolsua] e uoilsus] ¥ jwiieddn - - - -

Hwryemot - -= - -

(0) dwoj

Ovy Ock OOF 0BE 09 OPE OCE 00EL 082 092 O¥Z 022 00Z 08L 09L O¥) 02F 00L 08 09 OF 02 O

0 ——F+—"+t——"+——+——+—+——t——+——t+——+——F—+———F———+———F——+———F+———F———t+—t—t—v 0
ST mlccm
g ]
T 0001
oL + “
(092) penbiol-ai Jiog T ooss
Sl + * ”
T 0002
* ]
ONuh ............. l.l.’.l.‘.I‘l.l.Ol.l‘l.I.-l.I.l.l.I.I.l.l.l.l-.l.I.I.I‘I.I.I‘I.I-l.l‘l.l.ul8mN
o} 4 oOo .
T ) 000€
IS * ¢ o
*
T lxl.l.l.l’ - . I.. . [ ] o. — ) — .@ Smm
Omtl i q S-S - oo e mm s E e e ey .- e, —
* o o o 0®
o o0 © o * o- 000¥
Se + . .
v
o 7o © N oo 00S#
o)
or + v
0005
. .
mT, 00SS

S1aysep) 1eld /m jjog ‘ubis edwe |
oWl] SA UOIsuaj]

(ar) uoisuay



Orlando

The Orlando sign bolts were installed on May 16, 1998 and they have been monitored ever since.
Different students have been taking readings ever since they were installed. The sign is located
westward along I-4, just before the Highway 528 (Beeline)/I-4 junction. It is bolted down using
3/4” diameter bolts. Figure 29 shows the location of the sign with respect to 1-4.

Tables 6 and 7 list the results of monitoring the bolts from May 16, 1998 to April 12, 1999.
Figures 30 and 31 show a plot of tension vs. time for the bolt with the spring washers and the
bolt with flat washers.

T Instrumented Bolts

/ Post with Flat Post with Spring
I 4 Washers Washers

Figure 29 Location of Orlando Sign with respect to I-4

The bolt with strain gages was never replaced and the bolt was re-torqued. The spring washers
were able to keep the tension within the acceptable range from May 16, 1998 to February 22,
1999. After that date, the readings were below the allowable range. On April 12, the bolt was
removed. A tensile test in the lab yielded a value of 27,117 ksi for the modulus of elasticity,

slightly below the expected value of 29,000 ksi, which might indicate a deterioration of the strain
gage.

The initial reading for the bolt with flat washers was 2601 Ib. The readings increased
dramatically to 23420 Ib. on May 28 and 45008 1b. on June 1. The bolt was brought back and re-

instrumented. The bolt was re-installed on June 10 and a reading of 2671 Ib. was recorded.
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After that date, the readings were below 2400 Ib. until September 26. The strain gage wires were
ripped off on October 3 and the newly re-instrumented bolt was re-installed on November 4.

The bolt was re-torqued on November 13 and the readings decreased to 922 Ib. on November 20.

The bolt was re-installed on December 2, 1998 with new offsets and a measured modulus of
elasticity of 27,761 ksi. The readings have been below the 2400 Ib. until January 25, 1999,

The bolt was re-installed and re-aligned on February 1, 1999. One can notice that one of the
strain readings was always negative for most of the readings. This meant that the bolt was not
aligned properly and as a result, the bolt was subjected to bending. This is the reason for the re-
torquing of the bolt on February 8, 15, and 22. The bolt was finally removed and brought back
to the lab. A tensile test revealed a modulus of elasticity of 36,047 ksi, a 33% increase over the
value measured in January. This indicate a defect in the strain gage, probably in the bond
between gage and bolt. This defect explains partially the erratic behavior of the bolt during the

last weeks of testing.
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Brevard (2)

The Brevard (2) sign bolts were installed on May 16, 1998 and they have been monitored ever
since. Different students have been taking readings ever since they were installed. The sign is
located northbound along I-95, past Exit 74. It is bolted down using 3/4” diameter bolts. Figure
32 shows the location of the sign with respect to I-95.

Tables 8 and 9 list the results of monitoring the bolts from May 16, 1998 to April 19, 1999.

Figures 33 and 34 show a plot of tension vs. time for the bolt with the spring washers and the
bolt with flat washers.

T Instrumented Bolts
_® —

/ Post with Spring Post with Flat
Washers Washers
1-95

-

Figure 32 Location of Brevard (2) Sign with respect to I-95

The spring washers were able to hold the tension within the acceptable range from May 16, 1998
through November 20, 1998 except for two days: October 23 at 1883 Ib. and November 4 at
1838 Ib. These readings might have been affected by the drop in temperature in those days.

Consequently, multiple readings were done for two days to test whether the temperature had any
effects on the strain gages. The readings taken on those two days, December 2 and 11, seemed

to indicate that the tension varied with the temperature. However, temperature tests performed in
the lab indicated that the temperature should have no effect on the strain gages. Thus, it was
concluded that the gages or the adhesive might have some defects. The bolt was removed and

brought back to be re-instrumented on January 25, 1999,
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The newly re-instrumented bolt was re-installed on February 2, 1999 with new offsets and with a
measured modulus of elasticity of 28,634 ksi. The readings have kept within the acceptable

range, until April 19, 1999, when the readings were discontinued.

The bolt with the flat washers was installed on May 16, 1998. The reading on that day was 3523
Ib., within the acceptable range. The readings increased to a peak of 6739 Ib. on May 28. The
bolt was taken back to the lab and it was re-installed on June 1 where the reading was 6009 1b.

On June 10, the bolt was re-installed after the bolt was brought back to the lab to have the lead
wires resoldered. Readings were taken from June 24 to September 26 which saw the readings
fluctuate from a low of 1557 Ib. to a high of 6239 Ib. The bolt was submerged in water for at

least a day, on September 10.

From October 3 to October 23, 1998, the right gage registered and infinite resistance on the
Strain Gage Tester which meant that it was disconnected. The bolt was removed on November 3
and was re-installed on November 13 with a measured modulus of elasticity of 28,112 ksi. After
that date, the readings increased dramatically to 11060 Ib. and 26565 Ib. on December 2, 1998.
The bolt was replaced and re-installed on January 25, 1999 with a modulus of elasticity of
28,112 ksi. The reading on that day was low at 1165 Ib. The following reading on February 1
was even lower at 777 Ib. The bolt was re-torqued using a new torque wrench on February 8.
The readings have been decreasing until April 19, 1999, when the readings were discontinued. A
tensile test in the lab showed a value of 28,115 ksi for the modulus of elasticity, with no change

from the value measured before installation in the field. The gage was then judged to be sound.
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Tension (Ib)

Tension vs Time
2nd Brevard Sign North of Exit 74, Bolt w/ Flat Washers
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Figure 34 Tension vs Time, Brevard (2) Sign, Bolt with Flat Washers
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Brevard (1)

The Brevard 1 sign bolts were installed on July 14, 1998 and it they have been monitored ever
since. Different students have been taking readings ever since they were installed. The sign is
located northbound along 1-95, past Exit 74. It is bolted down using 7/8" diameter bolts, Figure

35 shows the location of the sign with respect to 1-95.

Tables 10 and 11 list the results of monitoring the bolts from July14, 1998 to July 15, 1999,
Figures 36 and 37 show a plot a plot of tension vs. time for the bolt with the spring washers and

the bolt with flat washers.

Post with Post
spring with flat
washers washers

N A

I-95 Instrumented Bolts

Figure 35 Location of Brevard (1) Sign with respect to I-95

The bolt with spring washers remained in the acceptable range from July 1998 to November
1998 except for one day: September 26 at 3915 Ib. and 3749 Ib.

The bolt was replaced on November 4, 1998 because the right strain gage became loose. The
newly re-instrumented bolt was re-installed on November 20, 1998 along with a new spring
washer stack. Afier that date, the readings were initially above the upper limit of 3600 Ib. until
February 15, 1999. From then on, the reading were in the allowable range. On June 15, 1999,

the wires were found cut. Therefore the readings were interupted.
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The bolt with flat washers was also installed on July 14, 1998. The washers were only able to
hold the tension within the acceptabie range on July 14 and on July 16. Since then, the readings
have always been below the allowable range with a substantial reduction in tension of the bolt.
One can notice that negative strain readings were periodically recorded which is reflected in the

relatively large eccentricities of the tensions.

The bolt was submerged in water once on February 1, 1999 but it was still possible to get
readings that day.
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Sebastian Inlet

The Sebastian Inlet sign bolts were installed on May 15, 1998 and they have been monitored
ever since. Different students have been taking readings ever since they were installed. The
sign is located northbound along A 1A just south of the Sebastian Inlet Bridge. It is bolted down

using 3/4” diameter bolts. Figure 38 shows the location of the sign with respect to A1A.

Tables 12 and 13 list the results of monitoring the bolts from May 15, 1998 until June 11, 1999.
Figures 41 and 42 show a plot of the tension vs. time the bolt with the spring washers and the
bolt with the flat washers.

Post with Post
spring with flat
washers washers
R —_
N A
I AlA Instrumented Bolts

Figure 38 Location of Sebastian Inlet Sign with respect to A1A

The Sebastian Inlet bolt with spring washers was able to maintain the tension within the
acceptable range until June 25 with only one reading dipping below the lower limit; on May 27,
1998 at 2146 1b. After that date the tension readings until September 20 were above the upper
limit, peaking at 6098 1b. on August 11, 1998.

The wires were ripped off from the bolt head in September. The instrumented bolt was removed
on October 21 and was a newly instrumented bolt with a measured modulus of elasticity of
28,074 ksi. was re-installed on December 4, 1998.

The post with the bolt with spring washers was found dislodged on December 9, 1998. It was hit
by a car and the base connection of the post broke away. Neither the bolts nor the spring

washers were damaged and they were found scattered on the ground. Figures 39 and 40 show
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the sign after it was hit by a car. This event, totally unexpected, provided a clear demonstration
of the effectiveness of the spring washers. The post separated neatly from the base and as far as
we know, no major damage was reported for the car. The sign was re-installed afterwards and
since then, the readings were initially within the acceptable range. However the last readings are
not reliable, because the bolt was not galvanized. The bolt deteriorated very quickly, and
became completely corroded.

Figure 39 Sebastian Sign after it was hit by a car, 1¥ view

Figure 40) Sebastian Sign after it was hit by a car 2™ view

The bolt with flat washers was able to maintain the tension within the acceptable range until July
22. From September 11 to November 6, the readings were above 3600 Ib. and the bolt started to
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show erratic behavior. A test to determine if the torque and strains had a linear relationship was
performed on November 11 and on November 18. We concluded that the strain gages were

faulty so we took the bolt back to the lab to be re-instrumented and re-tested.

The bolt was re-installed on December 4, 1998, with a measured modulus of elasticity of 29,406
ksi. That day’s reading was 3774 Ib. and has been decreasing until January 29, 1999.

It was suspected that the torque wrench being used may have been inaccurate. A new torque
wrench was bought and it was used to re-torque the bolt on February 5, 1999. That day’s reading
was high at 4300 lb. but went down to 3449 Ib. on February 12. No readings were taken on
February 19 because the readings were negative numbers in the thousands range. The gages
were probably damaged. Subsequent readings were either below or above the allowable range.
The bolt was finally removed and brought back to the lab. A tensile test showed a value of
29,276 ksi for the modulus of elasticity. Consequently, the erratic beahior of the bolt could not
be attributed directly to a defect of the strain gages.
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Indian River

The Indian River sign bolts were installed on May 15, 1998 and they have been monitored ever
since. Different students have been taking readings ever since they were installed. The sign is
located southbound along I-95 just south of the 146-mile marker. It is bolted down using 3/4”

diameter bolts. Figure 43 shows the location of the sign with respect to 1-95.

Tables 14 and 15 list the results of monitoring the bolt from May 15, 1998 until July 6, 1999.

Figures 44 and 45 show a plot of the tension vs. time for the bolt with the spring washers and the

bolt with flat washers.

Post with Post
spring with flat
washers washers
N
® & /
Instrumented Boits I-95

Figure 43 Location of Indian River Sign with respect to I-95

For the Indian River bolt with spring washers, the readings from May 15, 1998 through June 9,
1998 were all under the lower limit of 2400 Ib. The bolt was then re-installed and it maintained
the tension within the acceptable range (2400 Ib. to 3600 Ib.) from June 1998 through early
December 1998. From June 17, 1998 through January 18, 1999 the left strain gage read a
negative strain indicating that the bolt was subjected to a combination of tension and bending.

This is reflected in the big eccentricities in the readings.

The initial readings taken during January 1999 showed that the tension increased, so we brought
the bolt back to have the strain gages replaced. After replacing the strain gages, the spring

washers were able to maintain the tension within the acceptable range until this date.
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The Indian River bolt with flat washers was not able to maintain tension within the acceptable
range. The eccentricities from May 15, 1998 through February 19, 1999 were small which

meant that the bolt was not subjected to any significant bending.

This bolt has been re-installed four times. It was removed on June 17 because that day’s
readings were too high. The bolt was re-installed in June 25, 1998 and the readings had been
below 2400 Ib. up to August 26. After that date, the readings were well above the upper limit. It
was replaced on October 21 and a new one was re-installed on November 6. The reading on that
day was high while the following reading on November 11 was low. The bolt was re-
instrumented and re-installed on December 9 with a modulus of elasticity of 28,706 ksi. The
readings after that date were low until January 18, 1999 when the wires were ripped off. A
newly instrumented bolt was re-installed on February 5, 1999 with a measured modulus of

elasticity of 28,120 ksi. The readings since then have been low up to July 6, 1999.
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Martin County

The Martin County sign bolts were installed on May 15, 1998 and they have been monitored
ever since. Different students have been taking readings ever since they were installed. The
sign is located northbound along 1-95 just south of the Exit 62. It is bolted down using 3/4”
diameter bolts. Figure 46 shows the location of the sign with respect to 1-95.

Tables 16 and 17 list the results of monitoring the bolts from May 15, 1998 until April 16, 1999,
Figures 47 and 48 show a plot of the tension vs. time for the bolt with the spring washers and the

bolt with flat washers.

Post with Post with
flat spring
washers washers

Ny S

I-95 Instrumented Bolts

Figure 46 Location of Martin County Sign with respect to 1-95

The Martin County bolt with spring washers was able to maintain the tension close to the
acceptable range until August 8. It was submerged under water for at least a day on August 11
after which on August 26, the tension reading was 3786 1b. It was again submerged under water
on September 10, 1998. From October 2 to October 21, 1998, the tension readings ranged from
4638 Ib. to 4894 1b. Again, the bolt was submerged in water on November 6, 1998.

On November 11, 1998, a test was performed to determine if the torque and the strains had a
linear relationship and check if the strain gages were working properly. Another test was
pefformed on November 18 and the torque and strain registered a non-linear relationship. Thus
we concluded from the tests that the bolt had to be replaced. The bolt was taken back to the lab

to be re-instrumented and re-tested.
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The newly instrumented bolt was re-installed on December 4, 1998 with a measured modulus of
elasticity of 28,664 ksi. Since then the tension readings were out of the acceptable range on four
occasions, two of which were over the 5000 Ib. Mark. On April 16, the reading was abnormally
high, and the bolt was removed. A tensile test in the lab yielded a value of 30,054 ksi for the
modulus of elasticity, a 5% increase over the initial value measured before installation in the
field.

The bolt with flat washers was able to maintain the tension within the acceptable range until
August 26 even though the bolt was submerged in water on August 10 and 11. The bolts were
again submerged in water on September 7. In between those dates, a reading was attempted;
however, the right gage read an infinite resistance, which prevented a reading to be taken. The
readings fluctuated from 1826 1b. on October 14 to 4683 Ib. on October 21.

The bolts were again submerged in water on November 6 and 11. On November 18, the right
gage was shorted out and so the bolt was taken back to the lab. The bolt was re-installed on
December 4, 1998 with a measured modulus of elasticity of 29,687 ksi. Since then, the readings
fluctuated with a downward trend, until the bolt was removed on April 10, 1999. A tensile test
in the lab yielded a value of 31,912 ksi for the modulus of elasticity, a 9% increase over the

initial value measured before installation in the field.

69



oL

siaysem Buuds ynm jjog ‘ubis AunoD uiley 104 sanjep AjoLUS00 pue UOISUd) g1 8jqe

Apuaueuuad yoq senbas m peceida [ SE00 £82 25E9 205 cig 169 [ $0:0 | EE 689V 1
Py 2160 rrL 622E 554 [ 257 9€ [T [T GEOHY ir
P 8800 0'G1 BIEE 992 €L asy £ 000 11 8827 I
ssaysem ye uo Bupsru[760°0 el P10E [ 19 [ 3 0101 it 66/92/E 1T
pa| ¥200 ] 1825 1Sy 3 (13 } SE L) 77 [TV ir
ma| Se00 251 0YE 692 694 69 0f 0521 92 68/2L12 iT
P 0200 22 PG15 0¥ 126 £6¥ [ SwOl 092 66/5/T ir
pa 2200 G1 05¢ 13 961 15¢ I 0Z01 (i 6a/62/1 ir
Baq auy u aiem saum| 8200 91 099€ 682 €02 [ 1 004 1 e [ Iy
Pl ¥i00 S1 ZE¥C [YH ZiE 0 (13 0104 802 BE/VIEL ir
Beq ou) v esem saspm | 2100 €81 80L¥ [T3 SBE 3z SE 0i01 ¥0Z 066/ ir
5dY 01298992 = 3 moN
Bh4 4 012 T ISIISHO MBN “HOG PajuGWINLIRY L pacwder| 2000 | 613 | 8292 | 212 902 ITE A S10l 665 6IN/E1 ir
"8U0 JNGeI LM HOQ PAIIGWINYSU PI0RIIEH “SUNSAI JEARFUON *| 1| SE 0r:0} €81 GBI/} ir
PiL A 96T IT SASHO MBU LM JBUSBA 3 110Q SWes poysis-ed Lu| 9800 | 751 ] oese | 8iz %) 18| v [ [ BE/L I/} LT
peluewqgns Lrewn aem syog [} 96/ 1 1
Beq ey uy asam saum [ 9600 (A Y687 20 vEe [ =3 AT} 951 B6/L2N0L 1if
Biqg au u asom sa | 7000 102 roy £9€ 02z 505 ZE FTAYY 6¥i B6/¥101 IF
SIS Jorll UBIDU| BL 18 SIONOOOULIS BLY 4O|
“aunyesadius) axe) 0} 3q8 10U seMm “B6q e Uy ssam saum| 2800 902 BESY 3 81z 205 0z 2l ol 86/L001 ir
beq o uy asam s | 9ep0 202 9.9y S9¢ t2z {08 e Syy IE} 88/2004 ir
SUORIPUCD APPNL 0} 8NP SIFBSSEA0RLN SHOR ¥l Sil 86/01/6 W
10)8m s30uN SYoR UbiS 6Z:4 Sl 96/018 W
€00 | 89L | 986 | 96z 261 66t | o€ 0£'8 [T 86/82/8 N
Jojam japun syog ubis| 98 96/11/8 N
¥E0'0 59l 60.€ 062 98} £6€ 08 056 19 86/22/L NOS
SEQ'0 'L} 2L6E [ £61 L2y [ 0£:01 19 86/91/L NOS
¥E0'0 9Ll 2568 606 864 6ir [ 00:04 »S B6/8/L NOS
¥E0'0 894 99.6 962 681 207 e 00:01 or 98/52/9 NOS
1000 9Ll 2566 608 502 zir £ 00:14 ze /21 NOS
0800 Vi 056t 108 502 96 58 - ¥2 86/6/9 NOS
0€0°0 Sl Sare (1] 964 8se iz 2l 88/L2/5 W
1200 SGl 167 YH] 564 05 [ g 96002/5 i
110°0 g€l 890¢ ore 1T B9Z 28 0 86/51/5 "
§it 0iZ__|<< S} eouljg S6/SL/S
Tup) ] sai_ | ebeseay | wbie | 4 | Y
W3] ucsuel Wod Ty Biipea meng dwes | eunl | skeqo¥ | awa | i0#iedo
HWog buoT

s1sod yZXeMm ‘punail way 21 X .01 X 1 - ubig usesn sopduosag
SOHW /LAY EL 2O WX, speas ubig

"yiou B 60} 150d opwl Joyy ‘UEN  LOYEI0



1

SIBUSEM Jel4 Yyum Jjog ‘ubis QunoD urepy 104 senjeA Aoliuedds3 pue uojsua] /| ajqe)

“Peleniany § ueeg 6E¥ ARy ebes by
Seu Loq peonds pue D “6eq el uy puB Aip L Ciom Sy
"SUNO G2 jo BoueISisey ¥ paa) 6685 n By “Buq ey Ly pue Ap Ly Bsem S

B0URISISE SHUIKA UR DBAY | N0 Pavoys AKssod sBm abeb IubjL
"SUCRIPUOD ADDPNLL 0} 8NP BIGISSA00BU SHOH
Jo1Em apun sog ubis

Jajam sapun shog ubig

91£'0- €}- 282- 3 ¥6- 16 9 Gy 73 [T AP
[T 90 i 1 0€- 25 SE SO:( g [ Iy
8200 [ 90t [7- ¥ £F 2€ Si:0 1] 66/92/C i
1600 S'll BZ6E 00€ 065 [] 13 ori [ 66/6172 L
8#0°0 'S ¥l 8 ZEL 2r SE [TF 192 8672172 L
££0°0 9L S0L1 [} £2 82 -3 X 082 66/5/2 Iy
2900 Z9 08E1 901 3L L 9 0€ S0 213 66/62/1 1
900°0 Z8 6502 18 H 96 \e S0° 52 86/81/1 ir
0900 ¥9l 619€ 182 09¢ 10t €2 Sk0/ 802 [} Ir
6200 012 2ZLY 09¢ §¥9 2L : Si Y02 86/6/21 [Ty
900 | SS1 | e 692 ¥6& | oL | 6z [TX1) 66} 86/vi2| ir
[TH 7] 06/81/11 Ty

[T B 86/ 14 1 ir

/] B6/90/1 1 i

8100 902 £63F 98¢ 6EY 28¢ [ [ 95 86/1201 Iy
¥60°0 18 92ol Erl 0 S82 £€ SE: [ BE/¥101 ir
"pelilowiqns Xei0) aiam Ao SqeseaoRy M Bog| 0672 [13 96/L/01 AP

| _s62 | SS iEl 86/2/0 ir

veL Sii 86016 W

[ HY 86/01/6 iz

EL0°C vl 0f2E 952 262 0z2 0 [ 101 86/92/8 N

] 86/} 178 N
910'0 6EL 0ZI€ [iz Sg2 202 0€ 058 4 B6/2ZIL NOS
£10°0 (51} 1Z1€ [1Z 282 Y £ 00} 1§ 96/91/L NOS
00 9El 890€ oF [T 02 SE 00:0} [ BE/BIL NOS
2H0'0 8'E} ELIE E¥e [T 242 [ 00:0} o 86/52/9 NOS
2100 (44 £02E 052 £82 112 LE 00:14 2e 86/L4/9 NOS
0100 9yt €626 152 ¥82 [F] SE 00:2 [23 86/6/9 NOS
2000 4. ¥81E 6re 892 622 L2 - [} B86/L2/5 N
900'0 SFl £92¢ SS2 02 orZ 0¢ - S 86/02/S N
9000 0Lt g18¢ 862 9i¢ 082 2€ - 0 96/5 15 W

802 062 [<<18jj0 sumeg S0/SHS
{u) NX G sbeseny [ by yo O Y
‘Juedo3 uojsuaj yog (3rl) Bujpwayg upis due) W] [T X 1] 10)e12dQ
Hog Hoys

s150d gxBM ‘punaib way 2} X 01 X.0) - ubls usasg soyduosag

oMU Z/PLLYLL ‘29 1D, Speas ubig

“ypou Guo g0} 150d kL JoYY ‘uie

UO)IBI07




L

siaysep Buudg yum jog ‘ubis Alunon uibepy ‘ewi ] SA uoisus] /4 ainbi

sAeq
3] dwej o0 uolsua] X uo)sue] e uolsus| v pwileddn - = - pwiemol = - -
09€ Ot 02t O00E 08¢ 09¢ OvZ2 0¢¢ 00Cc 08F 09L OFl OZL 00L 08 09 OF 02 0
O Tttt -ttt b r—r—r—tT—t —— ] o
“ + o001
ol {661) "Wodggl) Hoq ]
n&:mc»::w:_m_:mmm /M - Jo)emIapuUn 1 0002
e e e e e e e e e ... LMoNpOOEICOH esomswos | _ _ _ ._ ]
Sl A P m_
m_ o y 000€ 3
w d o @ ® m.
d ONM mem - - = m I,I'I".l - -wm -m - o
_— -
O ° —
g
O
S o g
o
1 O O @)
0F O O O
© ¢ 0© o) o) o_ o ]
GE O o) o o T 0009
e© ]
O% - 1 000Z

slaysep buuds /m jjog ‘ubig uiuep
9WIi] SA uoisud|




€L

S18YsSeM 1e]4 Yum jjog ‘ubig Ajuno) uitely ‘swi] Sa uoisus| gy ainbi4

sheq

UL

(0) dway

dws)] O wuolsus] e UOISUBL O UOISUD] X uUOISUB] W pwriaddn - o= - Jwi Jamo)
09 Ot 0ce 00E 082 09¢ Obc 022 00Z O8F 0O9F OvL Oct OOL 08 09 OF 02 O
O ...n.._“..dwa_.“..._r.._“d._b_.qﬂ+.d.“___“_.4*.__“_.q“.*_ﬁ...“.._“..___.“... O
. ]
* ]
T 00S
ST ]
T 0001
ol Tt :
¢ T 0051
° (S11) (98) ]
Sl + layed ul pabiawignms)em Japun 1
° 918M S}|O0gIoM S)og T 0002
]
ON —_— ul OOmN
o (661) Hoq ]
pajuswnisul 1 0ooe
GZ + M pasejda Xpe XX ]
e
L - - - - .. - - - - - - . - - - - e - m - - - - - - - - - - . - - - - - - - - - - “.I Smm
oe + o ° o o .
[~ O
o} o] o 000t
o] o
e T o] © © (o) 0
00SYy
. ¢ o
oy - 000S

slaysem Jej4 /m jog ‘ubis ey
oWl ] SA uoisua|l

(q1) uoisua)




TEMPERATURE TESTS

In some cases it appeared that there was some correlation between the tension readings and the
temperature readings. The tension in the bolt goes up or down with the temperature. In
particular, this happened for the Sebastian sign bolts both with spring washers (Figures 41); for
the First Brevard sign bolts both with and without spring washers (Figures 36 and 37); for the 2"
Brevard sign bolts both with and without spring washers (Figures 33 and 34); and, for the
Orlando sign bolt with spring washers (Figure 30). It must be noted, though, that the
temperature readings, measured on the surface of the bolt, were indicative of the ambient

temperature, and that the temperature of the bolt core was impossible to record in the field.

There were some concemns that the strain gages or the adhesive between the gage and the bolt
could be affected by the temperature variations despite the manufacturer assurances to the
contrary. Consequently, temperature tests were performed to determine the temperature effects,
if any, on the strain gage readings. Several temperature tests were performed on bolts when they

were returned from the field.
The procedure for the temperature tests was as follows:

o The untensioned bolts were placed into an Equatherm Oven manufactured by Curtin
Matheson Scientific Inc. The bolts were connected to a P-3500 strain indicator to record the
strain as the temperature was increased. An Acu-rite oven thermometer measured the
temperature of the bolt.

o The temperature was increased from an initial ambient bolt temperature of around 24 °C to a
maximum temperature of above 80 °C. The strains were measured for temperature
increments of around 10 °C. The strain readings were also taken at similar decrements back

to the ambient temperature of the bolt.

The results for the tests performed on the Orlando long bolt are shown below. The bolt was
tested in three different settings. Figure 49 shows the result of the temperature test for the stand
alone bolt, untensioned. Figure 50 shows the result of the temperature test for the bolt installed
and tensioned on an aluminum fixture with spring washers. Figure 51 shows the result of the

temperature test for the bolt installed and tensioned on an aluminum fixture with flat washers. In
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all the tests, it can be seen that the variation in strain is small, consistent with the expected
thermal expansion of the steel bolt for this range of temperature. It was then concluded that the
strain gages were not adversely affected by the expected temperature changes, and that the bolts

could be used as intended in the field.

However, the results of the test do show that the slope of the strain-temperature curve varied for
each test. This is to be expected, since the aluminum fixture, the galvanized steel flat washers,
the spring washers, and the bolt itself are made of different alloys with different coefficient of
thermal expansions. The interactions between the different elements of the connection result
therefore in a different rate of thermal expansion or contraction, which may explain the variation

of tension with the temperature.

Consequently, the observed variation in tension with the temperature cannot be attributed to the
strain gages. The probable explanation is that the sign structures themselves expand or contract
non uniformly when subjected to the action of the sun. One face of the posts might be warmer
than the other, or one post might be in the shadows of trees while the other is fully exposed to the
sun. The differential expansion and/or contraction of the sign might induce additional forces on

the break-away connections. These in turn will result in changes in tension of the bolts.

These changes were also documented over a one day period by taking measurements of the same
bolt at different times the same day. See readings for days 138 and 147 of the First Brevard sign
in Tables 10 and 11; for days 196 and 205 of the 2™ Brevard sign in Tables 8 and 9; for days
196 and 205 of the Orlando sign in Table 6; for days 209 and 243 of the Indian River sign in
Tables 14 and 15. Depending on the sign sun exposure and location of the bolt, the changes in
tension during the day can be large or small. That will also explain in part the better
performance of the spring washers. By design, the spring washers can accommodate these
changes in tension and bring back the tension in the allowable range. On the contrary, after

several of these temperature cycles, the bolts with flat washers might tend to permanently loosen.
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Figure 49: Strain vs Temperature, Orlando Sign, Long Bolt Untensioned, 5/13/99
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Figure 50: Strain vs Temperature
Orlando Sign, Bolt w/ Spring Washers, Tensioned, 5/6/99
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Orlando Sign, Long Bolt w/ Flat Washers, Tensioned, 5/7/99
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DISCUSSION

Tension in the bolts of seven highway signs were monitored over a period of a year, from May
1998 to the present. Seven bolts were equipped with conventional flat washers, while the other
seven were installed with Belleville spring washers. However, it was impossible to achieve a
continuous record of measurements for each of the 14 bolts monitored. Most of the strain gages
had to be replaced at one point or another after being damaged accidentally by the weather,
flooding, grass mowers, or other causes. Therefore it is somewhat difficult to show definite long
term trends in the behavior of the bolts. However, there were clear differences between the two

sets of specimens. They are summarized below.

Bolts with Spring Washers

Long term behavior

The bolts equipped with spring washers appeared to have a better, more predictable behavior.

They were able to maintain the tensions within the acceptable range for five out of seven signs.

The Orlando sign is the only sign that was never damaged, and therefore was never re-torqued.
It is the only sign for which we have a single continuous record of measurements. Throughout
the initial 10 month monitoring period, tension readings were all within the acceptable range.
Only at the end of the monitoring, during the spring of 1999, the readings went below the

allowable range, probably because of a defective gage.

The Indian River and Brevard (2) bolts with spring washers were able to hold the tension within
the acceptable range for approximately 200 days after they were torqued. Lamentably, both bolts
had to be re-installed in February 1999. Since then, the tension readings kept within the

acceptable range.

The Tampa bolt with spring washers was able to hold the tension within the acceptable range for
112 days after it was first installed. Lamentably, the left wire was cut on October 1998 and the
bolt was not re-installed until February 1, 1999. On February 8, 1999, the initial readings were
too low so the bolt was re-torqued using a new spring washer stack. After an initial peak, the

tension readings have kept within the acceptable range to date.
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The Brevard (1) bolt with spring washers were able to hold the tensions in the acceptable range
for approximately 85 days, after the initial installation, However, the bolt had to be re-installed
on November 20, 1998 and the tension readings were initially slightly above the upper limit of
3600 Ib and then stayed in the allowable range The temperature readings for this particular

series seemed to follow the trend of the bolt tensions.

The Martin and Sebastian bolts with spring washers had several problems with their strain gages

throughout the testing program, so no definite trend could be observed.

The results of the monitoring of the bolts showed that the spring washers can maintain the
tension in the bolts for extended periods of time. The Orlando sign is a prime example. The bolt
has never been re-torqued since it was installed on May 16, 1998 and yet, the tension was
maintained within the acceptable range for most of the experiment. It should be noted that the
Orlando sign is in a high-traffic area and this fact supports the ability of the spring washers to

maintain tensions more efficiently than regular flat washers do.

The Indian River results also show that the spring washers can maintain the tension in a bolt
even if the bolt is not properly aligned. From June 17, 1998 to January 18, 1999, the left gage
registered negative strains, as a result of a big eccentricity in the bolt. Nevertheless, the spring

washers were able to maintain the tension for a majority of the time.

Finally, and very importantly, the connection with spring washers displayed outstanding
behavior during a car accident, as described above in the section on the results of the Sebastian

Inlet bolt.

Galvanized vs. stainless washers

At each sign location, three bolts were assigned galvanized washers, and one bolt was assigned
stainless washers. To date, no significant differences were observed between the two types of
washers, in term of behavior, degradation and rust. Rust was observed in both cases. However it
seems to be more related to the fact that the washers come prepackaged in a plastic wrap that

traps the humidity. In all cases, the rust appeared on the edges of the washers.
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Installation procedure

The tension in the bolts depends on the deflection of the spring washers. Consequently, the
investigators have proposed an installation procedure based on measuring the deflection with
filler gages. The procedure is described with details in the Phase I report [1]. Over the course of
the study, a total of 21 installations of instrumented bolts with spring washers were performed
with this method. Table 18 summarizes the results of these installations. For each of the seven
signs, the different installations are listed, with the corresponding dates and the values of the
tension measurements for the two readings following each installation. We are including the
second reading in the table, because we observed that sometimes, although the first readings
indicated a value outside of the allowable tension range, after a short initial period of adjustment,

the second and subsequent readings fell between the range.

It can be seen that out of 21 cases, 81% (or 17 cases) were successful installations, and only 19%
(or 4 cases) were unsuccessful. Successful means that the tension in the bolt was in the
allowable range. This is a fairly high rate of success, specially compared to the 32% rate of
success for the traditional torquing method, as described in the next section. However, we feel
that the method could be improved upon by designing a special instrument to measure the
deflections. Also, it was observed that lubrication of the connection prior to installation

improves the chances of success.
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Reading 1 2
#

Sign Date (Ib.) (Ib.)
Tampa 5/18/98 2178 1806
6/10/98 1877 1883

2/1/99 2755
2/8/99 4093 3024
Oriando 5/16/98 3382 3651
Brevard (2) 5/16/98 2787 3299
2/12/99 3333 2960
Brevard (1) 7/14/98 3697 2956
11/20/98 3880 3836
Sebastian Inlet 5/15/98 2671 2505
11/11/98 3148 -298

12/4/98 2654

1/22/99 2400

1/29/99 3039
2/5/99 2846 2555
Indian River 5/15/98 2018 1787
6/17/98 3434 2684
2/5/99 3341 2869
Martin County 5/15/98 3068 3491

11/11/98 3530
12/4/98 2678 4109

Table 18: Tension in Bolts with Spring Washers
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Maintenance

The maintenance procedure should be the same than for the traditional flat washer connections.
It is emphasized that a better installation and latter performance will be achieved if the bolt and
washers are initially lubricated. In addition, special care should be given to the filler gages used
for installation. They should be conveniently oiled and kept without corrosion, to ensure proper
measurement of the spring washer deflections. The bolts and stacks of washers should be
replaced periodically in accordance with manufacturer prescriptions, and FDOT maintenance
schedules [1].
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Bolt with Flat Washers

Long term behavior

The tension readings in the bolts with flat washers generally were not within the acceptable
range. In four out of seven cases, the tensions in the bolt decreased over time. In four out of
seven cases, in spite of being installed with the proper torque according to FDOT specifications,
the bolts remained under-tensioned. In one case the bolt was over-tensioned despite being

torqued to the proper FDOT specifications.

The Orlando sign registered tensions below the lower bound with a decreasing trend since it was
first installed in May 16,1998. The bolt has been re-torqued six times and four out of these five
times, the bolt was under-tensioned. Despite using a new torque wrench, two out of the three
times it was used, the bolt still remained under-tensioned. The left gage has almost always
registered a negative strain since June 10, 1998. This resulted in a big eccentricity in the bolt.
One possible cause for this result is that the different connection components are not properly

aligned.

The Indian River bolt had only one tension reading within the acceptable range. In spite of being
torqued to the proper torques according to FDOT specifications, the bolt still remained under-

tensioned.

The Brevard (2) bolt also had only a few tension readings within the acceptable range. In spite
of being torqued to the proper torques according to FDOT specifications, the bolt still remained

under-tensioned.

The Tampa sign registered values in the allowable range with peaks above the range, and the

tension readings fluctuated a lot.

The Martin sign was able to maintain the tension within the range for 101 days. After it was

replaced on December 4, 1998, the tension fluctuated severely.

The Sebastian sign registered an increasing trend. The bolt was re-installed on November 11,

1998 and the tension readings were above the upper bound of 3600 Ib. The bolt was again re-
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installed on December 4, 1998 and since then, the tension has only been in the acceptable range

once.

The Brevard (1) sign has never been re-torqued since it was installed in July 14, 1998. The

results have always been below the allowable values.

The results of monitoring the bolts show that the flat washers cannot maintain the tension over an
extended period of time. The Brevard (1) sign is a clear indication of this trend. Another

observation is that the tension fluctuated more with the flat washers than the spring washers.

Installation procedure

The results also show that the current installation technique is faulty. In four out of seven cases,
the bolts remained under-tensioned in spite of being installed with the proper torque according to
FDOT specifications. In one case the bolt was over-tensioned despite being torqued to the

proper FDOT specifications.

In this case, the tension in the bolts depends on the magnitude of the torque applied. The method
of installation is described with detail in the FDOT manual [2]. However, we were surprised to
find that the different FDOT jurisdictions are not in agreement over the value of torque to be
used. Table 1 in the first part of this report shows that one jurisdiction at least (Orlando) uses a
value of torque of 36 fi-lb, different from the 43 fi-Ib used by the other FDOT offices.

Over the course of the study, a total of 31 installations of instrumented bolts with flat washers
were performed with the conventional method. Table 19 summarizes the results of these
installations. For each of the seven signs, the different installations are listed, with the
corresponding dates and the values of the tension measurements for the two readings following
each installation. We are including the second reading in the table, because we observed that
sometimes, although the first readings indicated a value outside of the allowable tension range,
after a short initial period of adjustment, the second and subsequent readings will fall between

the range.

It can be seen that out of 11 cases, only 32% (or 10 cases) were successful installations, and 68%

(or 4 cases) were unsuccessful. Successful means that the tension in the bolt was in the
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allowable range. This is a fairly high rate of failure, specially compared to the 81% rate of
success for the new torquing method, as described above. It was observed that lubrication of the
connection prior to installation improves the chances of success. However, from our experience

in the field with the FDOT crews, consistent lubrication of the connections does not seem a

realistic option.
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Reading 1 2
#
Sign Date (Ib.) {Ib.)
Tampa 5/18/98 2915 3613
6/10/98 4273 2959
2/1/99 2414
2/8/99 2159 1787
Orlando 5/16/98 2601 9705
6/10/98 2671 1992
10/23/98 2140
11/4/98 1409 1243
12/2/98 2404 1987
2/1/99 2208
2/8/99 1705
2/15/99 1098
2/22/99 2674
Brevard (2) 5/16/98 3523 5714
6/1/98 6009
6/10/98 4177 1557
11/13/98 3316 5291
1/25/99 1165 777
2/8/99 1547 1040
Brevard (1) 7/14/98 2651 2529
Sebastian Inlet 5/15/98 4215 3568
12/4/98 3774 3780
2/5/99 4300 3449
Indian River 5/15/98 2255 5810
6/25/98 1672 1877
11/6/98 6455
11/11/98 1239
12/9/98 970 672
2/5/99 2199 2124
Martin County 5/15/98 3818 3267
12/4/98 3476 4722

Table 19: Tension in Bolts with Flat Washers
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CONCLUSIONS AND RECOMMENDATIONS

Conclusions

A new method is proposed to measure and maintain the tension in the bolts of break-away slip
base connections. The method is fairly simple to implement, and it is based on the utilization of
Belleville spring washers. For each different bolt diameter and associated load range, a
combination of spring washers is recommended. The stacks of spring washers, which come pre-
wrapped, are installed on the bolt just as any ordinary washers, and the bolts are torqued with
any kind of torque wrench. According to the method, a block of filler gages measures the
deflection of the stack of spring washers which is proportional to the tension in the bolt. For
each desired value of tension, there is a corresponding value of deflection. The main advantage
of this technique 1s that it eliminates the uncertainties associated with torque measurements, and

it provides a more reliable way to estimate the tension of the bolt.

Seven signs were selected along Central and South Florida highways. At each sign, one of the
posts was equipped with bolts with spring washers, while the other post remained connected with
bolts with conventional flat washers. At each sign, one of the bolts with spring washers and one
of the bolts with flat washers were instrumented with strain gages, and the variations of tension

in these bolts were monitored over a period of several months.
The following conclusions were obtained based on the results of the field monitoring,

1. Over the long term, bolts installed with spring washers appear to maintain the tension in the
bolt. No instances of consistent bolt loosening below the allowable range of tensions were

observed, even in high traffic areas like Orlando.

2. On the contrary, several bolts installed with flat washers exhibited a downward trend in the

bolt tension.

3. The proposed installation procedure based on measuring deflections of the spring washers
appears to be more successful than the conventional method based on measuring the torque.
81% of the bolts installed with spring washers had their initial tension in the allowable range,

as opposed to only 32% of the bolts installed with flat washers.

88



4. The effectiveness of the break-away connection with spring washers was demonstrated
during a car accident. A car hit a sign post equipped with spring washers, near the Sebastian

Inlet. The break-away functioned perfectly and the post separated from the base.

5. Over the monitoring period, no significant advantage was observed regarding the use of
stainless washers. Minor corrosion was observed for both the stainless and galvanized
washers, and it appears to be due to the fact that the plastic wrapping of the stack of washers

traps some humidity. The solution could be to slash the wrapping after installation.

Recommendations

Based on the results of the field monitoring, which confirm the results of the laboratory tests
from the phase I of the project, spring washers appear to be a good alternative to the use of
conventional flat washers, for break-away connections. The accurate measurement of the
deflection of the stack of spring washers remains a critical issue. Filler gages can be used with a
reasonable rate of success, as shown during this testing program, although the investigators feel
that the FDOT crews would be reluctant to use the method as is. As a compromise, the bolts
could still be installed with spring washers, to ensure that no loosening occurs, but they could be

torqued with the conventional method.

To take full advantage of the proposed solution for break-away connections, we strongly
recommend that a special measurement device be developed to specifically measure the
deflection of the stack of spring washers. Such a device would significantly improve the

efficiency of the method.
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