s
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Signal Structures

e Type 9, 10, 12 & 13 Structures
 Concrete Bases (Type 10 & 13)
 Anchor Bolt Tensioning

 Connection Hardware Testing
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What is a “monotube”?
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U3) Why did we change our design?
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Structure Types

Type 9/10 Structures Type 12/13 Structures
e 15’ to 30’ mast arms e 35’to 55" mast arms
* Type 10 concrete base e Type 13 concrete base
— SDD9cll — SDD 9c12
— 14’ deep _

— 30” diameter

— 1 %” anchor rods — 52"

length

e 6 sets of 17 high strength bolts

for mast arm connection
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14’ 6” deep
42" diameter

Wing extends 4’ out from
base

1 3” anchor rods — 86”
length

e 8setsof1%” high strength
bolts for mast arm connection
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e Sonotube cannot be left in place. After
it is removed, soil must be compacted in
1-foot lifts.

 Construction joints require written
approval by engineer (must consult
BOS).

e Top template must be removed after
concrete sets (stabilizes anchor bolts
during pour and provides guidance for
arm orientation).

* Concrete must attain 3500 psi
compressive strength before structure
can be erected (7 days).
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Material Responsibilities

WisDOT Contractor
e Poles e Arm connection
o Arms nardware (incl.

uminaire arms
e Anchor Bolts )

e |dentification

e Templates
olaque
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@;} Anchor Bolt Tensioning — Form DT 2321

FROCEDURE

GUESTION

FES

Step 1 “erify F1554 anchor boltsare grade 55 or other grade as required ™.
‘ Yerify nuts are ASTW ASES heavy hex and washers are F436.

Were the correct grade ofanchor rod,
nut and washer used?

Step 2 “erityanchorrods areclean and not damaged and plumb—not mare
than 1:40 slopeor1/4"in 10" (ifrodz are out ofplumb or damaged call

central office for instructions).

Waz ancharrodclean and undamaged
and slope=140o0r184" in 10"

Step 3 Lubricate (wax based)anchor rods (within 24 hours oftensioning)
and turn nut down to foundation—thiz should run freely with little

resistance =20 t.-lbs. or less.

Wasz vwax bazed lubricstion applied and
did leveling nut run down freely?

Step 4 Level levelingnuts—make surenuts are lessthan oneanchor rod
diameter from the foundation{unless stated otherwize onthe plans).

Were theleveling nutzinstalled =1
anchor rod diameter from the foundation?

Step 5 Install structure with an F 436 washer belowand above base plate and
znug top nutz. When snugging use 20%t0 30% ofverificationtorgue on
both thetop nut and leveling nut™ following th e star pattern on this form.

Twwo cycles ofsnugging shall be perfarmed priortothe next step.

Was snugging (2 cycles) performed
properly?

Step 6 Mark thenutz and adjacent basze plate andturn the minimum reguiredturn
(143 turn for boltz1 12" diameter or less and 1 5th turn far all largerbaolits).

Waszturn ofthe nut performed propedy?

Step 7 Confirm verificationtorgue wasz achieved per Tahle1, or continueto turn
nut until verificationtargque iz achieved.

Wasz verificationtorgue per
Tahle 1 confirmed?

Step & Install Jam nuts if shown onshop drawdngs.

Were Jam nutzinstalled corredlyper
Takble 17

(answer anly ifJam nuts are regquired)

O 00 O 0O 0|0 |O

O 00 O O 0|0 | 03
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Step One — Verify Anchor Rods
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@;} Anchor Bolt Tensioning — Form DT 2321

FROCEDURE

GUESTION

FES

Step 1 “erify F1554 anchor boltsare grade 55 or other grade as required ™.
Werify nuts are AT A5E3 heavy hex and washerz are F436.

Were the correct grade ofanchor rod,
nut and washer used?

Step 2 “erityanchorrods areclean and not damaged and plumb—not mare
than 1:40 slopeor1/4"in 10" (ifrodz are out ofplumb or damaged call

central office for instructions).

I

Waz ancharrodclean and undamaged
and slope=140o0r184" in 10"

Step 3 Lubricate (wax based)anchor rods (within 24 hours oftensioning)
and turn nut down to foundation—thiz should run freely with little

resistance =20 t.-lbs. or less.

Wasz vwax bazed lubricstion applied and
did leveling nut run down freely?

Step 4 Level levelingnuts—make surenuts are lessthan oneanchor rod
diameter from the foundation{unless stated otherwize onthe plans).

Were theleveling nutzinstalled =1
anchor rod diameter from the foundation?

Step 5 Install structure with an F 436 washer belowand above base plate and
znug top nutz. When snugging use 20%t0 30% ofverificationtorgue on
both thetop nut and leveling nut™ following th e star pattern on this form.

Twwo cycles ofsnugging shall be perfarmed priortothe next step.

Was snugging (2 cycles) performed
properly?

Step 6 Mark thenutz and adjacent basze plate andturn the minimum reguiredturn
(143 turn for boltz1 12" diameter or less and 1 5th turn far all largerbaolits).

Waszturn ofthe nut performed propedy?

Step 7 Confirm verificationtorgue wasz achieved per Tahle1, or continueto turn
nut until verificationtargque iz achieved.

Wasz verificationtorgue per
Tahle 1 confirmed?

Step & Install Jam nuts if shown onshop drawdngs.

Were Jam nutzinstalled corredlyper
Takble 17

(answer anly ifJam nuts are regquired)

O 00 O 0O 0|0 |O

O 00 O O 0|0 | 03
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Step 2 — Plumb

% JOHNSON

;
|
!
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@ Anchor Bolt Tensioning — Form DT 2321

11
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FROCEDURE

GUESTION

FES

Step 1

Yerify F1554 anchor boltsare grade 55 or other grade as required ™.
Werify nuts are AT A5E3 heavy hex and washerz are F436.

Were the correct grade ofanchor rod,
nut and washer used?

Step 2

Yetify anchor rods are clean and not damaged and plumb—not more
than 1:40 slopeor1/4"in 10" (ifrodz are out ofplumb or damaged call

central office for instructions).

Waz ancharrodclean and undamaged
and slope=140o0r184" in 10"

Step 3

Lubricate (wax basedlanchor rods (within 24 hours oftensioning)
and turn nut down to foundation—thiz should run freely with little

resistance =20 t.-lbs. or less.

Wasz vwax bazed lubricstion applied and
did leveling nut run down freely?

Step 4

Level leveling nutz —make surenutz are lessthan oneanchor rod
diameter from the foundation{unless stated otherwize onthe plans).

Were theleveling nutzinstalled =1
anchor rod diameter from the foundation?

Step 5

Install structure with an F 436 washer belowand above base plate and
znug top nutz. When snugging use 20%t0 30% ofverificationtorgue on
both thetop nut and leveling nut™ following th e star pattern on this form.

Twwo cycles ofsnugging shall be perfarmed priortothe next step.

Was snugging (2 cycles) performed
properly?

Step 6

Mark the nutz and adjacent baze plate andturn the minimum reguired turn
(143 turn for boltz1 12" diameter or less and 1 5th turn far all largerbaolits).

Waszturn ofthe nut performed propedy?

Step 7

Confirm verificationtorgue was achieved per Tahle 1, or continueto turn
nut until verificationtargque iz achieved.

Wasz verificationtorgue per
Tahle 1 confirmed?

Step 8

Im=tall Jam nuts if shown onshop drawdngs.

Were Jam nutzinstalled corredlyper
Takble 17

(answer anly ifJam nuts are regquired)

O 00 O 0O 0|0 |O

O 00 O O 0|0 | 03
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@ Anchor Bolt Tensioning — Form DT 2321

1
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FROCEDURE

GUESTION

FES

Step 1

Yerify F1554 anchor boltsare grade 55 or other grade as required ™.
Werify nuts are AT A5E3 heavy hex and washerz are F436.

Were the correct grade ofanchor rod,
nut and washer used?

Step 2

Yetify anchor rods are clean and not damaged and plumb—not more
than 1:40 slopeor1/4"in 10" (ifrodz are out ofplumb or damaged call

central office for instructions).

Waz ancharrodclean and undamaged
and slope=140o0r184" in 10"

Step 3

Lubricate (wax basedlanchor rods (within 24 hours oftensioning)
and turn nut down to foundation—thiz should run freely with little

resistance =20 t.-lbs. or less.

Wasz vwax bazed lubricstion applied and
did leveling nut run down freely?

Step 4

Level leveling nutz —make surenutz are lessthan oneanchor rod
diameter from the foundation{unless stated otherwize onthe plans).

Were theleveling nutzinstalled =1
anchor rod diameter from the foundation?

Step 5

Install structure with an F 436 washer belowand above base plate and
znug top nutz. When snugging use 20%t0 30% ofverificationtorgue on
both thetop nut and leveling nut™ following th e star pattern on this form.

Twwo cycles ofsnugging shall be perfarmed priortothe next step.

Was snugging (2 cycles) performed
properly?

Step 6

Mark the nutz and adjacent baze plate andturn the minimum reguired turn
(143 turn for boltz1 12" diameter or less and 1 5th turn far all largerbaolits).

Waszturn ofthe nut performed propedy?

Step 7

Confirm verificationtorgue was achieved per Tahle 1, or continueto turn
nut until verificationtargque iz achieved.

Wasz verificationtorgue per
Tahle 1 confirmed?

Step 8

Im=tall Jam nuts if shown onshop drawdngs.

Were Jam nutzinstalled corredlyper
Takble 17

(answer anly ifJam nuts are regquired)

O 00 O 0O 0|0 |O

O 00 O O 0|0 | 03
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@ Step 4 — Level Leveling Nuts
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@;} Anchor Bolt Tensioning — Form DT 2321

11
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FROCEDURE

GUESTION

FES

Step 1

Yerify F1554 anchor boltsare grade 55 or other grade as required ™.
Werify nuts are AT A5E3 heavy hex and washerz are F436.

Were the correct grade ofanchor rod,
nut and washer used?

Step 2

Yetify anchor rods are clean and not damaged and plumb—not more
than 1:40 slopeor1/4"in 10" (ifrodz are out ofplumb or damaged call

central office for instructions).

Waz ancharrodclean and undamaged
and slope=140o0r184" in 10"

Step 3

Lubricate (wax basedlanchor rods (within 24 hours oftensioning)
and turn nut down to foundation—thiz should run freely with little

resistance =20 t.-lbs. or less.

Wasz vwax bazed lubricstion applied and
did leveling nut run down freely?

Step 4

Level leveling nutz —make surenutz are lessthan oneanchor rod
diameter from the foundation{unless stated otherwize onthe plans).

Were theleveling nutzinstalled =1
anchor rod diameter from the foundation?

Step 5

Install structure with an F 436 washer belowand above base plate and
znug top nutz. When snugging use 20%t0 30% ofverificationtorgue on
both thetop nut and leveling nut™ following th e star pattern on this form.

Twwo cycles ofsnugging shall be perfarmed priortothe next step.

Was snugging (2 cycles) performed
properly?

Step 6

Mark the nutz and adjacent baze plate andturn the minimum reguired turn
(143 turn for boltz1 12" diameter or less and 1 5th turn far all largerbaolits).

Waszturn ofthe nut performed propedy?

Step 7

Confirm verificationtorgue was achieved per Tahle 1, or continueto turn
nut until verificationtargque iz achieved.

Wasz verificationtorgue per
Tahle 1 confirmed?

Step 8

Im=tall Jam nuts if shown onshop drawdngs.

Were Jam nutzinstalled corredlyper
Takble 17

(answer anly ifJam nuts are regquired)

O 00 O 0O 0|0 |O

O 00 O O 0|0 | 03
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@ Anchor Bolt Tensioning — Form DT 2321

Table 1
STAR PATTERN
Bolt size | Snugging 20% to Yerfication Jam nut
(dia.)in | 30% of Yerification Targue in Torgue in "
inches | Torgue in ft-Ibs. ft-lhs. ft-Ihs. 1
£
3 1,614 to 2,421 8,877 404 5t e gt
2 344 1,221 to 1,832 6,716 305 : gt ol : &
2142 900 to 1,350 4,950 225 : S : ol
s "
2 144 57 to 986 3,614 164 T, P N
h"-,l - \\L/ h
2 452 to 675 2,486 113 ‘_,«:& 3"".f""“";=if """" o4
. e b
1344 301 to 452 1,656 75 PR A I
1112 189 to 264 1,040 48 €) l ) A
5t 4 : : .
1144 110to 165 605 28 \ : / © l A2
7 ! 6"
1145 77to 115 421 25 &) ‘\\,./
1 5410 61 257 25 2nd 2
3 23 to 34 124 25
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Manual Torque Wrench Electric Torque Wrench
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@;} Anchor Bolt Tensioning — Form DT 2321

FROCEDURE

GUESTION

FES

Step 1 “erify F1554 anchor boltsare grade 55 or other grade as required ™.
Werify nuts are AT A5E3 heavy hex and washerz are F436.

Were the correct grade ofanchor rod,
nut and washer used?

Step 2 “erityanchorrods areclean and not damaged and plumb—not mare
than 1:40 slopeor1/4"in 10" (ifrodz are out ofplumb or damaged call

central office for instructions).

Waz ancharrodclean and undamaged
and slope=140o0r184" in 10"

Step 3 Lubricate (wax based)anchor rods (within 24 hours oftensioning)
and turn nut down to foundation—thiz should run freely with little

resistance =20 t.-lbs. or less.

Wasz vwax bazed lubricstion applied and
did leveling nut run down freely?

Step 4 Level levelingnuts—make surenuts are lessthan oneanchor rod
diameter from the foundation{unless stated otherwize onthe plans).

Were theleveling nutzinstalled =1
anchor rod diameter from the foundation?

Step 5 Install structure with an F 436 washer belowand above base plate and
znug top nutz. When snugging use 20%t0 30% ofverificationtorgue on
both thetop nut and leveling nut™ following th e star pattern on this form.

Twwo cycles ofsnugging shall be perfarmed priortothe next step.

Was snugging (2 cycles) performed
properly?

Step 6 Mark thenutz and adjacent basze plate andturn the minimum reguiredturn
(143 turn for boltz1 12" diameter or less and 1 5th turn far all largerbaolits).

1

Waszturn ofthe nut performed propedy?

Step 7 Confirm verificationtorgue wasz achieved per Tahle1, or continueto turn
nut until verificationtargque iz achieved.

Wasz verificationtorgue per
Tahle 1 confirmed?

Step & Install Jam nuts if shown onshop drawdngs.

Were Jam nutzinstalled corredlyper
Takble 17

(answer anly ifJam nuts are regquired)

O 00 O 0O 0|0 |O

O 00 O O 0|0 | 03
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& Match Marking

Match Marking
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{Tﬂwg Anchor Bolt Tensioning — Form DT 2321

FROCEDURE

GUESTION

FES

Step 1 “erify F1554 anchor boltsare grade 55 or other grade as required ™.
Werify nuts are AT A5E3 heavy hex and washerz are F436.

Were the correct grade ofanchor rod,
nut and washer used?

Step 2 “erityanchorrods areclean and not damaged and plumb—not mare
than 1:40 slopeor1/4"in 10" (ifrodz are out ofplumb or damaged call

central office for instructions).

Waz ancharrodclean and undamaged
and slope=140o0r184" in 10"

Step 3 Lubricate (wax based)anchor rods (within 24 hours oftensioning)
and turn nut down to foundation—thiz should run freely with little

resistance =20 t.-lbs. or less.

Wasz vwax bazed lubricstion applied and
did leveling nut run down freely?

Step 4 Level levelingnuts—make surenuts are lessthan oneanchor rod
diameter from the foundation{unless stated otherwize onthe plans).

Were theleveling nutzinstalled =1
anchor rod diameter from the foundation?

Step 5 Install structure with an F 436 washer belowand above base plate and
znug top nutz. When snugging use 20%t0 30% ofverificationtorgue on
both thetop nut and leveling nut™ following th e star pattern on this form.

Twwo cycles ofsnugging shall be perfarmed priortothe next step.

Was snugging (2 cycles) performed
properly?

Step 6 Mark thenutz and adjacent basze plate andturn the minimum reguiredturn
(143 turn for boltz1 12" diameter or less and 1 5th turn far all largerbaolits).

Waszturn ofthe nut performed propedy?

Step 7 Confirm verificationtorgue wasz achieved per Tahle1, or continueto turn
nut until verificationtargque iz achieved.

I

Wasz verificationtorgue per
Tahle 1 confirmed?

Step & Install Jam nuts if shown onshop drawdngs.

Were Jam nutzinstalled corredlyper
Takble 17

(answer anly ifJam nuts are regquired)

O 00 O 0O 0|0 |O

O 00 O O 0|0 | 03
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@) Anchor Bolt Tensioning — Form DT 2321

Table 1
Bolt size | Snugging 20% to | ‘“erification | Jam nut STARPATTERN
(dia)in | 30% of verification |  Torguein | Torgue in
inches | Torque in ft-Ibs. ft-Ins. ft-los. L
3 1,614 to 2,421 8,877 404 /’ \ 5t /_+ gt
2 3/4 1,221 to 1,832 6716 305 : _gn 8) : jG
2172 900 to 1,350 4,950 225 i N
2 1/4 657 to 986 3614 164 ‘H‘n e " : e
2 452 to 678 2,486 113 _‘_,«‘:‘: ) it D)4"
1364 301 to 452 1,656 75 R ,"'/ b
1142 189 to 284 1,040 48 gt " | gn R ‘\“-,,
114 11010 165 605 28 :/ < ! &
11/8 7710 115 421 25 \-; ” ‘\\,"/ d
1 54 to 81 297 25 2rd 2
7/8 37 to 55 202 25 Figure 1 Figure 2
3/4 23 to 34 124 25
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@ Anchor Bolt Tensioning — Form DT 2321

FROCEDURE

GUESTION

FES

Step 1 “erify F1554 anchor boltsare grade 55 or other grade as required ™.
Werify nuts are AT A5E3 heavy hex and washerz are F436.

Were the correct grade ofanchor rod,
nut and washer used?

Step 2 “erityanchorrods areclean and not damaged and plumb—not mare
than 1:40 slopeor1/4"in 10" (ifrodz are out ofplumb or damaged call

central office for instructions).

Waz ancharrodclean and undamaged
and slope=140o0r184" in 10"

Step 3 Lubricate (wax based)anchor rods (within 24 hours oftensioning)
and turn nut down to foundation—thiz should run freely with little

resistance =20 t.-lbs. or less.

Wasz vwax bazed lubricstion applied and
did leveling nut run down freely?

Step 4 Level levelingnuts—make surenuts are lessthan oneanchor rod
diameter from the foundation{unless stated otherwize onthe plans).

Were theleveling nutzinstalled =1
anchor rod diameter from the foundation?

Step 5 Install structure with an F 436 washer belowand above base plate and
znug top nutz. When snugging use 20%t0 30% ofverificationtorgue on
both thetop nut and leveling nut™ following th e star pattern on this form.

Twwo cycles ofsnugging shall be perfarmed priortothe next step.

Was snugging (2 cycles) performed
properly?

Step 6 Mark thenutz and adjacent basze plate andturn the minimum reguiredturn
(143 turn for boltz1 12" diameter or less and 1 5th turn far all largerbaolits).

Waszturn ofthe nut performed propedy?

Step 7 Confirm verificationtorgue wasz achieved per Tahle1, or continueto turn
nut until verificationtargque iz achieved.

Wasz verificationtorgue per
Tahle 1 confirmed?

I

Step & Install Jam nuts if shown onshop drawdngs.

Were Jam nutzinstalled corredlyper
Takble 17

(answer anly ifJam nuts are regquired)

O 00 O 0O 0|0 |O

O 00 O O 0|0 | 03
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@) Anchor Bolt Tensioning — Form DT 2321

Table 1
Bolt size | Snugging 20% to | ‘“erification | Jam nut STARPATTERN
(dia)in | 30% of verification |  Torguein | Torgue in
inches | Torque in ft-Ibs. ft-Ins. ft-los. L
3 1,614 to 2,421 8,877 404 /’ \ 5t /_+ gt
2 3/4 1,221 to 1,832 6716 305 : _gn 8) : jG
2172 900 to 1,350 4,950 225 i N
2 1/4 657 to 986 3614 164 ‘H‘n e " : e
2 452 to 678 2,486 113 _‘_,«‘:‘: ) it D)4"
1364 301 to 452 1,656 75 R ,"'/ b
1142 189 to 284 1,040 48 gt " | gn R ‘\“-,,
114 11010 165 605 28 :/ < ! &
11/8 7710 115 421 25 \-; ” ‘\\,"/ d
1 54 to 81 297 25 2rd 2
7/8 37 to 55 202 25 Figure 1 Figure 2
3/4 23 to 34 124 25
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Arm Connection
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Connection Hardware

e A325 Bolts only

— Stored in an air tight container

e Required Documentation
— Bolt Certs
— Rotational Capacity Test Results

e Direct Tension Indicators (DTls)
 Required Testing

— Mechanical Testing
— Pre-Installation Testing
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Hardware Certification

‘This certifies that the following product tha
meets the specifications of ASTM A153, Clas;
requirements of ASTM F2325.

The hot dip galvanizing is RoHS compliant. The galvanizing process was conducted

in a temperature range of 830F to 850F.

This certification In no way implies anything other than the quality of our hot dip.

galvanizing as it pertains to your ordet.

This product waé galvanized In Rq{:kfnrd.'IL USA

46,669 pleces
46,094 pleces
46,105 pleces
20,123 pieces
26,402 pleces
20,470 pieces
19,6359 pleces
28,186 pieces
27,676 pieces
28,239 pleces
13,917 pleces
14,959 pieces
25,955 pleces
28,567 pleces
26,060 pieces
* B,424 pleces
4,441 pleces
7,604 pieces
28,862 pleces
19,586 places
. 29 558 pleces

P1383HP200
P1383HP300
P13EIHP300
P20GTMP300
PROETMPI00
P1900HP300
P1900HP300
P1700HP3I00
P1700HPI00
P1700HP300
P1700HP300
P1700HP300
P1700HP300
P1700HP3I00

P1700HP300 .
F3015HP300

F3015HF300
F3015HP300
F170GHP300
F1700HF300
F1700HP300

5/8" F436 Structural Washer
5/8" F436 Structural Washer
5/8" F436 Structural Washer
3,/4" U5S Washer

3/4" U55 Washer

1" F436 Structural Washer
1" F436 Structural Washer
7/8" FA36 Stuctural Washer
7/8" F436 Structural Washer
7/8" F436 Structural Washer
7/8" F436 Structural Washer
7/8" ¥436 Swructural Washer
7/8" F436 Structural Washer

© 7/8" F436 Structural Washer

7/8" F436 Structural Washer
1-1,/2" F436 Structural Wasghsy
1-1/2".F436 Structural Washer

"1-1/2" F436 Structural Washer

7/8" F436 Structural Washer
7/8" F436 Structural Washer
7/8" F436 Structural Washer

 we have galvanized for yowr' company
s C'and the hot dip galvanizing

Lot#C6339
Lot#C6339
Lot#C6339
Lof#C6242
Lot#CH242
Lot#CG495
Lot#CE495
LotFCEE36
LoECa536
Lot#CG536

“Lot#CBE536

Lot#CG530
Lot#CE54T
LotdCes47T
Lot#FCHE4T
Lot#C5378
LotdC5378
Lot#C5378
Lot#CB536
LotBCH536
Lot#CG6536

6.05 Avg. Mils
5.50 Avg, Mils
4.20 Avg. Mils
3.41 Avg, Mils
4.10 Avg. Mils
4,19 Avg, Mils
4,82 Avg, Mils
2.57 Avg, Mils

Mill Cert

Galvanizing
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Deseription: 136 x 3.250 x coil
Part#: F301SHOD Mid-State Coil #: R24406  Master Coil# 1684660
Materinl chemical weight percent eomposition:

The chemical analysis heveby reporied was supplied by the producing mill and provided
certification is maintained in the records of the corporation.

Heat #: 124222 Grade: 1050 PO: 19869
e e S )
Carbon: 0.53 - Manganese: 0.65

Phosphorus: 0.010 Sulfur: 0.006

Silicon; 0,229 Aluminum: 0,028

Roclkowell: 90
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Rotational Capacity Test

-Trﬁm'-b ROTATIONAL CAPACITY TEST/RECORD
i" & Wizconsin Department of Transpartation
e 072113 52013

Thisform should be campleted andfiled with the as-huilt constructionas a permanent record. Onewaorkshest shall he
completed far eachratational capacity 1ot number used onthe project. A lot shall consist of any possible combination
of nutand boltto be usedinthe intended structure. Thistestis required priortathe start of holtinstallation wark onthe

project site.
“Hegien Tordract Humper
“Job Humber Project
— — Fezsigned R-T Lot Mumber
Bolt Grade L) &325 L A4a0

Rotational Capacity TestInstructions ftabizs on back)
A Inzert fastener azsembly into a load cell“and tension accardingto Takle 5.
tatch mark the nut and plate onthe load cell, and turn untl tersion is ator above the Table 2.
RecordtensiononLine 1.
Recordthetorgue onLine 2™
Comparetorgue onLine 2 with Table 4 —torgue should be [essthanthe listed maximum when sttension online 1.
Continueturningthe nut, untilreaching th e total rotaiono f Takble 1 and recordthetensionon Line 4.
. ComparetensiononLine 4 with Tahle 3 andvetifytha it passed onLine 5.
Loozen nut and examine assembly. Muts should turnoon by hand to thep oint tightened.

Failure ofany portion ofth e test ineither o fthetwo assemblies constitutes 5 failure ofthe test a3 listed belose When filure
occurs, the subjectlotoffastensrsis rejeded. The contractoris giventheaptionto clean and re-lubricate as necessary and
resubmit fortesting

a.  Exceeding maximum allowable torquetension (Table 4).

b, Failureto achieve the required rotation (Table 1.

c. Failureto achiewe the requiredtension at the required ratation (T able 3).

d.  Thread failue—will notturn on by hand, shearcracks, stipping ortorsional failures.
“UFar shortbobsthat won't itthe load celluse a plate with 2 hole and skiptheten sion reguirements,
“ Measure torgue while nutis turning.

T Igmmoom

Eclt Mut ‘Washer
Man ufacturer
Lot Mumber
Driam eterLength Inches
Rotational Capacity TestRecord Sample # Sample #2
1. Measured tension st or above minimumin Takle 2 Kips Kips
2. Measuretorgueatter step 1 Ft/lbs Ftilbs
3. Torguewas lessthan masmum allowabls from Table 4 [ Pass [ Fail [ Fass [ Fail
4. Measured tension® (after total ratation in Table1) Kips Kips
5. Measured tengioniz aboveminimum allowakle Table 3 ) Pass [T Fail [l Pass [ Fail
6. “erifythread condition ) razs [ Fail [ Pazz [ Fail
*fpplies tolong bolts test only, leave blank for short bolts
TTested By MnReEszed By
TToeation Diate Imed Ay
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@) Mechanical Testing

e Send two bolts (with 4 flat washers and 3 nuts)

Do notinclude DTl washers — will simply be
thrown away

e DT 1499

e Results will be posted in Highway Quality
Management System

Test Number: 0 -115-0125-2016 Lab Site Page 1 0f1

Wisconsin Department of Transportation
Bureau of Technical Services-Central Lab

Materials Laboratory Testing System Tests On:
High Strength Bolts, Nuts and Washers

Truax Center, 3502 Kinsman Blvd.
Type: V - VERIFICATION

Madison, WI 53704
Main Project ID: 1009-00-83

Fond du Lac Bypass Qty Represented:
STH 23 - USH 151 Units Represented:
USH 151

Date Received: Date Tested: Date Sampled

05/28/16 06/07/16 05/16/16

By: NE REGION By: GARY CARLSON By: CRAIG CLEMENTS
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@ Pre-Installation Verification Test

ﬂ*“"”*@nﬁ ANCILLARY STRUCTURES PRE-INSTALLATION
% wjJ,LEBJ,F__c;tmcml TEST OF HIGH STRENGTH BOLTS

DT2322 212015

Wisconsin Department of Transportation

This form shouid be Filed with the compieled profect file as a permanent record. This form should not be used for highway bridges.

PRE-INSTALLATION

Purpose of Test: Establish individual installation reguirements for structu ral fasteners an d

that tension obtainedin three samples of each fastenerassembly lotis at least 2% above t
Ferform prior to installing fasteners in ancillary structures and record the results alon g with

IDTI'Sh,r performing andverifying
heminimuminstallation ten sion.
the fastenerassembly lot information.
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Load Cell

Torqgue # Tension

Force

Clamping Force on joint
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Direct Tension Indicators
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@ DT 2322

HSTRUCTIONS
d 1. Fillin the information regarding each ot comhbination, noting that each combination to be used requires a separate test.

2. Take 3 fastenerassemblies (A32580lt AS63 Mut, F436 Washer® from a lot previously tested with a rotational capacity test
and ASTM Fa59 DTI's. Test inthe same configuration asthe baltsand OTI's are being installed in the structure {note step 3).

3. Lubricate nut (face and threads) with wax based lubricant.

Tensionwith a calibrated targue wrench until reaching the minimumnomber of refusalsfrom Table 1, measured swith a 005"
feelergauge. If 100% refusals are obtained priorto reaching thetensionin Table 2, the lotof OTI's fails.

Record the measured torgue and tension in Tahle 3.
Yerify the torgue is belowthe maximumin Tahle 4 (see page 2 andthe tension meetsthe minimumin Tahle 2.

Repeatsteps 3 through 6 and recard the informationin Tahle 3 below.
Checkthe configuration usedduring testing:
[ 0TI Under Head, Turn Mut (preferred) 1 OT1 Under Mut, Turn RMut

[] OTI UnderHead, Turn Head ] 0TI Under Mut, Turn Head
*Mote: Zpecial washerz may be required for larger balts.

=~

wLsmm
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Step 1: Assembly Information

Bolt Nut Washer DTI
Manufacturer
Lot Number
Diameter/L ength Note: Each fastener assembly [of requires a separate worksheet.
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@g DT 2322

HSTRUCTIONS
: 1. Fillin the information regarding each ot comhbination, noting that each combination to be used requires a separate test.

2. Take 3 fastenerassemblies (A32580lt AS63 Mut, F436 Washer® from a lot previously tested with a rotational capacity test
and ASTM Fa59 DTI's. Test inthe same configuration asthe baltsand OTI's are being installed in the structure {note step 3).

3. Lubricate nut (face and threads) with wax based lubricant.

4. Tensionwith a calibrated torque wrench until reaching the minimumnumber of refusalsfrom Table 1, measured with a 005"
feelergauge. If 100% refusals are obtained priorto reaching thetensionin Table 2, the lotof OTI's fails.

8. Recordthe measured torque and tensionin Table 3.

G. “erify thetargue ishelowthe maximumin Table 4 {(see page 2 and the tension meetsthe minimumin Table 2.

7. Repeatsteps 3 through 6 and record the infarmationin Table 3 bhelow.

a. Checkthe configuration used during testing:
[ 0TI Under Head, Turn Mut (preferred) 1 OT1 Under Mut, Turn RMut
[] 0TI Under Head, Turn Head ] 0TI Under Mut, Turn Head

*Mote: Zpecial washerz may be required for larger balts.
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Signal structures require flat washers on BOTH sides of the plates.
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@ DT 2322

INSTRUCTIONS
Fillin the information regarding each lot combination, noting that each combination to be used requires a separate test.

1.
‘ 2. Take 3 fastener assermblies (2 325B80lt, A563 Mut, F436 Washer® from a lot previoudy tested with a rotational capacity test
and ASTM Fa59 DTI's. Test inthe same configuration asthe baltsand OTI's are being installed in the structure {note step 3).

‘ 3. Lubricate nut (face and threads) with wax based lubricant.

4. Tensionwith a calibrated torque wrench until reaching the minimumnumber of refusalsfrom Table 1, measured with a 005"
feelergauge. If 100% refusals are obtained priorto reaching thetensionin Table 2, the lotof OTI's fails.

Record the measured torgue and tension in Tahle 3.
Yerify the torgue is belowthe maximumin Tahle 4 (see page 2 andthe tension meetsthe minimumin Tahle 2.

Repeatsteps 3 through 6 and recard the informationin Tahle 3 below.
Checkthe configuration usedduring testing:
[ 0TI Under Head, Turn Mut (preferred) 1 OT1 Under Mut, Turn RMut

[] OTI UnderHead, Turn Head ] 0TI Under Mut, Turn Head
*Mote: Zpecial washerz may be required for larger balts.

wLsmm
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Step 3: Lubricate Nut Face & Threads
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@ DT 2322

INSTRUCTIONS
1. Fillin the information regarding each ot comhbination, noting that each combination to be used requires a separate test.

2. Take 3 fastenerassemblies (A32580lt AS63 Mut, F436 Washer® from a lot previously tested with a rotational capacity test
and ASTM Fa59 DTI's. Test inthe same configuration asthe baltsand OTI's are being installed in the structure {note step 3).

= 3. Lubricate nut (face and threads) with wax based lubricant.

4. Tensionwith a calibrated torque wrench until reaching the minimumnumber of refusalsfrom Table 1, measured with a 005"
feelergauge. If 100% refusals are obtained priorto reaching thetensionin Table 2, the lotof OTI's fails.

Record the measured torgue and tension in Tahle 3.
Yerify the torgue is belowthe maximumin Tahle 4 (see page 2 andthe tension meetsthe minimumin Tahle 2.

Repeatsteps 3 through 6 and recard the informationin Tahle 3 below.
Checkthe configuration usedduring testing:
[ 0TI Under Head, Turn Mut (preferred) 1 OT1 Under Mut, Turn RMut

[] OTI UnderHead, Turn Head ] 0TI Under Mut, Turn Head
*Mote: Zpecial washerz may be required for larger balts.

wLsmm
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DT 2322 —Tables 1 & 2

Type 9/10 Structures

Table1. DTIRefusals R —

Number of Gaps 4 \ \ gare 7org

Minimum Number of Refusals 2 \ 3 4

Table2. Minimum Installation Tension Required fordhe Pre-installation Test

Bolt Dia. 314" 7/8" 1" 11/8" 11/4" 1 3/8” 11/2"
A325 Kips 29 Kips A1 Kips 54 Kips 59 Kips 75 Kips 89/Kips 108 Kips
— —
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@ DT 2322

INSTRUCTIONS
1. Fillin the information regarding each ot comhbination, noting that each combination to be used requires a separate test.

2. Take 3 fastenerassemblies (A32580lt AS63 Mut, F436 Washer® from a lot previously tested with a rotational capacity test
and ASTM Fa59 DTI's. Test inthe same configuration asthe baltsand OTI's are being installed in the structure {note step 3).

Lubrricate nutiface and threads) withwax hased [ubricant.

3.
‘ 4. Tensionwith a calibrated torque wrench until reaching the minimum number of refusalsfrom Tahle 1, measuredwith 2 .005"
feelergauge. If 100% refusals are obtained priorto reaching thetensionin Table 2, the lotof OTI's fails.

‘ 8. Recordthe measured torque and tensionin Table 3.
G. “erify thetargue ishelowthe maximumin Table 4 {(see page 2 and the tension meetsthe minimumin Table 2.

7. Repeatsteps 3 through 6 and record the infarmationin Table 3 bhelow.
a. Checkthe configuration used during testing:
[ 0TI Under Head, Turn Mut (preferred) 1 OT1 Under Mut, Turn RMut

[] OTI UnderHead, Turn Head ] 0TI Under Mut, Turn Head
*Mote: Zpecial washerz may be required for larger balts.
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@ Step 5: Record Measured Values

Table 3. .
Measured Tension Torque Number of Refusals
Sample Tension Acquired? Measured Torgque Below MAX? Refusals Acceptable?
1 O L ) O O
2 [ [ [
: O O O
Average Total:

I I BUREAU OF TRAFFIC OPERATIONS
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@ DT 2322

INSTRUCTIONS
1. Fillin the information regarding each ot comhbination, noting that each combination to be used requires a separate test.

2. Take 3 fastenerassemblies (A32580lt AS63 Mut, F436 Washer® from a lot previously tested with a rotational capacity test
and ASTM Fa59 DTI's. Test inthe same configuration asthe baltsand OTI's are being installed in the structure {note step 3).

3. Lubricate nut (face and threads) with wax based lubricant.

4. Tensionwith a calibrated torque wrench until reaching the minimumnumber of refusalsfrom Table 1, measured with a 005"
feelergauge. If 100% refusals are obtained priorto reaching thetensionin Table 2, the lotof OTI's fails.

Record the measured torgue and tension in Tahle 3.
Yerify the torgue is belowthe maximumin Tahle 4 (see page 2 andthe tension meetsthe minimumin Tahle 2.

Repeatsteps 3 through 6 and recard the informationin Tahle 3 below.
Checkthe configuration usedduring testing:
[ 0TI Under Head, Turn Mut (preferred) 1 OT1 Under Mut, Turn RMut

[] OTI UnderHead, Turn Head ] 0TI Under Mut, Turn Head
*Mote: Zpecial washerz may be required for larger balts.

—

wLsmm
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Step 6: Check Values

Table2. Minimum Installation Tension Required for the Pre-installation Test
Bolt Dia. 314" T7ia" 1™ 11/8" 11/4" 1 3/8" 112"
A325 Kips 29 Kips 4@;;5//' 4 Kips 59 Kips 75 Kips 89 Kips 108 Kips
N———
Type 9/10 Structures
Tabled4. Maximum Allowable Tor sured in Fips o 10005 Of pounds and torgue is measured in f.-bs.)
3/4" Diameter Lt Di&{leter 1" Diameter 11/8" Diameter 11/4" Diameter | 1 3/8" Diameter 1 1/2" Diameter
Kips Max. Kips \%\ax. Kips Max. Kips Max. Kips Max. Kips Max. Kips Max.
Tension | Torque | Tension | Toxgue || Tension | Torgue ||Tension | Torque | Tension | Torque | Tension Torque | Tension | Torque
29 444 41 ?4\8\ a4 1121 59 1387 75 1850 g9 2558 108 3375
a0 464 42 TG \‘I a5 1141 all 1410 fils] 1978 S0 2588 109 2408
a1 484 43 784 ola] 1162 B 1434 TV 2002 91 2616 110 3438
7 a00 44 203 a7 1183 B2 1457 7B 2028 v 2645 111 2464
a3 816 45 g221 a8 1204 B3 1481 79 2024 43 2674 112 2500
a4 831 48 g4 a4 1224 B 1504 a0 2080 54 2703 113 2531
a4 247 47 g4a ]l 1245 ] 1528 g1 2106 45 273 114 2564
a6 863 48 a7a 1 1268 i 1851 = 2132 =4 2780 115 26504
a7 5718 44 804 A2 1287 B7 1574 g3 2148 87 2738 116 J625
a8 804 a0 413 B3 1307 BB 1558 24 2184 4B 2818 117 ] alala)
a9 B09 a1 431 B4 1328 BO 1822 25 2210 g4 2846 118 J6BH
41 B2a a2 5449 ats) 1349 70 1845 =la] 2438 100 2875 119 2714
41 B4 1 a3 467 BB 1370 71 1669 = 2262 101 2904 120 2740
42 atala a4 HBA BV 1390 7 1652 1] 2288 102 2933 121 3781
43 672 a5 1004 ats 1411 73 1716 a4 2314 103 2061 132 ae13
44 BE3 sl 1022 74 1739 80 2340 104 29480 123 2844
Lse PO/ for other value not on this form. VWhere P=Tension in Kips, D=diameter of bolts in feet (divide by 12 to obtain feet).
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@ DT 2322

INSTRUCTIONS
1. Fillin the information regarding each ot comhbination, noting that each combination to be used requires a separate test.

2. Take 3 fastenerassemblies (A32580lt AS63 Mut, F436 Washer® from a lot previously tested with a rotational capacity test
and ASTM Fa59 DTI's. Test inthe same configuration asthe baltsand OTI's are being installed in the structure {note step 3).

3. Lubricate nut (face and threads) with wax based lubricant.

Tensionwith a calibrated targue wrench until reaching the minimumnomber of refusalsfrom Table 1, measured swith a 005"
feelergauge. If 100% refusals are obtained priorto reaching thetensionin Table 2, the lotof OTI's fails.

Record the measured torgue and tension in Tahle 3.
Yerify the torgue is belowthe maximumin Tahle 4 (see page 2 andthe tension meetsthe minimumin Tahle 2.

Repeatsteps 3 through 6 and recard the informationin Tahle 3 below.
Checkthe configuration usedduring testing:
[ 0TI Under Head, Turn Mut (preferred) 1 OT1 Under Mut, Turn RMut

[] OTI UnderHead, Turn Head ] 0TI Under Mut, Turn Head
*Mote: Zpecial washerz may be required for larger balts.

=~

(e R

—
—)
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Signhatures

Torgue Wrench — Make, Model and Serial Murnber (prior to Calibration Date)

Torgue Wrench Calibration Date (midinsyy) (Calibration Date MUST be Within 1 Year) Structure 1D Murnber

Contractor Name

Date (rmidinnny) Contractors Representative (QC) Name Contractors Representative (QC) Signature
X

Date (rmidinnny) Wisconsin Department of Transportation Representative (QA) Name | WisDOT Representative (QA) Signature
X
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Once the pre-installationtest has been preformed the following steps should be
performed for installation:

e Lubricate each nut (face and threads ) with wax based lubricant just priorto
installation.

e [nstall bolts with the same configuration as tested inthe Preinstallation Test Step
2. Install with the number of hardened washers as specified in the shop drawings.

s Snug connection from tightest point to edge until the plies are in firm contact at
gach bolt.

s Once all the bolts are snugged — tension the bolts until each DT reaches one
refusal more than the average of three in Table 3.

INSTALLATION

DT under head,

frrnr nut to tighten,
bolt head held

Preferrad meathod,
showit for
infarmational

Lurnosss onfy.

QUALITY CONTROL

The contractors QC should checkthe following items for each conection of sach siructure.

O

0000 O O

i_heck that bolts, nuts, and washers are the correct grade and type, along with documentation of the Eo-Cap test
performed by the supplier — See Step 2 (page 1)

Check that washers for bolts over 1 1/8" conform to DT manufacturer's recommendations and shall only be 1/16"
diameter larger D than the bolt diameter.

Check that hardened washers are used on plies that have oversized bolt holes (when necessary) and match the number
of hardened washers specified in the shop drawings.

Check the configuration of the bolt assembles is the same as the preinstallation — Test Step 8.

Check the plies to be in firm contact at each bolt prior to tensioning.

Check that DTI's are compressed to ong more refusal than the average found in Table 3.

Check any shop installed A32% bolts that have besn tensioned or reinstalled in the field.
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Above Ground Checklist

C'D nstruc ﬁﬂ n an d Mﬂ' IE”TH lI' s M anua j' Wisconsin Department of Transporiation

Chapter 6 Miscellaneous Construction
Section 55 Electrical Construction

Figure 3 Traffic Signal Installation Checklist

1. GENERAL

___a. Are all matenals delivered to the job site in accordance with the specifications

2. CONDUIT AND CABLE

a. Isany conduit used underground of a thin wall type? If so, it is unacceptable. Only PVC of Schedule 40
or heavier, or rigid metallic conduit is acceptable for underground use.

b. Isthe specified underground multi-conductor cable used?

c. Isthe traffic signal cable routed per plan?

d. Is aloop of approximately 24" of multi-conductor cable left in the base of signal columns for splice
purposes?

e. s an unused wire in the underground cable stripped back to be used for the equipment grounding
conductor?

f.  Are bushings used on all ngid metallic conduit and end bells on non-metallic conduit?

g Areall pipe and bolt threads coated with a heavy coating of an approved rust-prohibitor, anti-corrosion,

anti-seize compound?

3. BASES AND PEDESTALS

__a. Areall concrete bases of a proper depth?

b, Are pole caps installed to keep water and snow out of the poles and standards?

___¢. Isthe signal pedestal leveled on the concrete base?
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@ Bases & Pedestals

* Are they level?

 Bonding lug present?
TYPICAL MECHANICAL

e Bonding wire installed? oo s e

e Where is the access door relative to traffic?

e Anti-Seize used?

e Shims used? Less than 47
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@ Poles & Arms

e Proper pole type/arm installed?
* |s pole plumb/level?

e What is orientation of the hand hole in
relation to traffic?

 Has the pole cap been installed?
* Are the arms aligned properly?

e Grommet installed?
 Proper connection hardware?
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{@ Signal Heads

* |s lens configuration in accordance with MUTCD?

* Are overhead signals aimed properly? (pointing
down the proper lane, level, plumb, etc.)

e Has the proper clearance been provided under
vehicle or pedestrian heads?

* Are the overhead signals too high?

* Were heads properly secured to standard or arm?

e Correct PDM hardware? _ -
e Heads covered?
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©)  Cabinets

* Is cabinet oriented properly with g
the roadway?

 Are end bells present?

e Have the cables leading into the cabinet
nase been labelled?

e Has debris/metal shavings been cleaned
out from the bottom of the cabinet?

 Has cabinet been properly anchored?
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