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GLOBAL SUMMARY

TEST | TEST Il TEST 111
Item No. Average | Average Charpy Chemistry Full-Size Sample Reduced Section Hardness Charpy (ft-1b) Chemistry Galv. Chemistry Micro-structural Fracture Analysis
Hardness |Hardness| 40°F 70°F Tensile (ksi) Tensile (ksi) | Yield (ksi) | % Elongation | Reduction in Area (%)| Knoop HRC 40°F 70°F Tin Bismuth Analysis
2 33.1 - - - - 158.2 158.5 140.8 17.6 53.3 - 33.9 37.2 37.6 Pass - - Banded Micro Struc. | Ductile Failure
3 335 33.0 36.9 37.6 Pass 156.1 157.9 139.7 18.3 54.0 354.0 33.4 36.8 39.3 Pass 0.00625 | 0.0011 [ Banded Micro Struc. | Ductile Failure
4 35.4 34.4 27.3 36.7 Pass 157.8 158.3 145.6 16.0 48.5 363.0 35.4 24.8 39.3 Pass 0.00600 | 0.0011 | Banded Micro Struc. | Ductile Failure
7 34.0 31.8 39.0 40.8 Pass 158.6 158.3 138.8 17.0 53.1 364.0 33.4 36.3 39.0 Pass 0.00600 0.014 | Banded Micro Struc. | Ductile Failure
8 34.8 32.7 16.9 20.8 Pass 151.3 161.5 136.4 17.0 49.3 364.0 33.6 16.7 18.3 Pass 0.00700 0.009 | Banded Micro Struc. | Ductile Failure
9 NNF 348 33.9 52.3 52.7 Pass - - - - - - - - - - - - - -
NTA 33.4 13.0 16.0 Pass - - - - - - - - - - - - - -
11 - - - - - 167.0 Reduced Section Not Performed due to Unavailable Sample Length Not Performed due to Unavailable Sample Length Banded Micro Struc. | Ductile Failure
12 34.6 33.9 39.1 41.8 Pass 162.8 163.3 147.6 17.0 54.8 359.0 33.7 49.0 51.0 Pass 0.003 0.012 | Banded Micro Struc. | Ductile Failure
13 35.3 34.5 31.7 36.3 Pass - - - - - - - - - - - - - -
14 34.6 34.0 | Sample too small Pass 150.4 Reduced Section Not Performed due to Unavailable Sample Length | 352.0 33.7 27.0 47.0 Pass 0.003 0.005 | Banded Micro Struc. | Ductile Failure
15 34.3 31.9 17.8 23.7 Pass - - - - - - - - - - - - - -
16 34.3 - - - - - - - - - - - - - - - - - -




SAS A354BD Bolt Tests - 6/20/13 Update (DRAFT)

Testing Plan - Number of samples to test

| ] ][] 1\ \'}
Nominal (in-situ test) (lab test) (full size) (stress corrosion test) (Incremental Step Load)
Sustained Note 1
Number of Bolt - (Note 1)
ID Structural Component X Bolt Tension
Bolts Diameter % Fu (UTS)
. & Number of Number of Number of Number of Number of
[in] (%Completed) (%Completed) (%Completed) (%Completed) (%Completed)
Tests* Tests* Tests Tests Tests
1 Shear Key Anchor Bolts- Bottom (51/52) 96 3 0.70 TBD - TBD TBD TBD TBD
have sample; fabrication
, Shear Key Anchor Bolts- Bottom (53/54) 96 3 0.70 84 Same Heat 2 2 T
Pier E2 Bearing Bolts- Bottom Housing (B1, B2, B3, B4) 96 3 0.70 54 aslD3 2 2 T Sample; e
in progress
3 Shear Key Anchor Bolts-Top (51/52) 160 3 0.70 143 6 (spares) 2 (spares) Same Heat as -
Shear Key Anchor Bolts-Top (S3/54) 160 3 0.70 144 6 (spares) 2 (spares) ID2 -
. . . 0% (have sample;
4 Pier E2 Bearing Bolts- Top Housing (B1,B82,B3,B4) 224 2 0.70 224 7 (spares) 2 (spares) 1 (spare) A
5 Spherical Bearing Bushing Assembly Bolts 96 1 0.61 No Access No Access No Access No Access -
6 Bearing Retainer Ring Plate Assembly Bolts 336 1 0.40 No Access No Access No Access No Access -
7 PWS Strand Anchor Rods (Main Cable) 274 3-1/2 032  |266 (Note 2) 1 (spare) 4rxx TR SRS E G
in progress
8 Tower Saddle Tie Rods 25 4 0.68 |19 (Note3) 2 (spare) 1 (spare) 1(spare) |HRSESEEEEE
in progress
Tower Saddle Turned Rods (@ Splices) 100 3 0.45
9 20 2 - -
Tower Saddle Turned Rods (@ Splices) 8 3 0.10
10 Tower Saddle Grillage Bolts 90 3 0.10 - - - - -
11 Tower Outrigger 4 3 0.10 - - 1 (spare) - -
12 |Tower Anchorage Anchor Bolts (75 Dia. Anchor Bolts) 388 3 0.48 226 6 (Note 5) 1 (Note 7) 1(Note7) |Mave s;’lﬁférf:::ca“on
13 Tower Anchorage Anchor Bolts (100 Dia. Anchor Bolts) 36 4 0.37 36 3 (Note 5) _— - -
2 (Notes 4
14 East Saddle Anchor Rods 32 2 0.10 16 ( 8?7;35 1 (spare) - -
15 East Saddle Tie Rods 18 3 0.20 8 - - -
16 Cable Bracket Anchor Rods 24 3 0.16 12 (Note 6) _ (Note 6) - (Note 6) -
17 Bikepath Anchor Bolts at Pier W2 43 M30 (1-1/4) 0.10 9 - - - -

*Number of tests performed varies slightly from the number of tests planned. This column is adjusted to reflect testing performed.

1. Test at least one sample from each heat for Test Il

2. Cut-off drill and tap hole @ end for testing. Sample lengths to be provided in separate attachment.

3. Test top surface of hex @ end of rod.
4. No Charpy tests due to limited available rod stick-out.

5. Samples for lab test Il shall be taken after tests |, Ill and IV are completed, except for some samples that can be taken earlier.

6. Same heat as PWS, no sampling necessary.
7. Sample already removed.

*** 2 rolled thread samples &
2 cut thread samples




June 12, 2013

LIST OF TESTS
TESTI TEST II TEST 11l TEST TESTV
Field Hardness Test (in-situ) Laboratory Test on Samples Full Size Test rrosion Test (Townsend) Incremental Step Loading Technique
- Rockwell C Hardness - Rockwell C Hardness - Full Size Tension Test - Dependent Stress Corrosion Test - Reduced Sample Size Tests
- Chemistry - Coupon Tension Test pon Tension Test - HE threashold
- Charpy (when available) - Rockwell C Hardness - Rockwell C Hardness - SCC threashold
- Knoop Micro-Hardne - Knoop Micro-Hardness
- Metallurgical An - Metallurgical Analysis
- Fracture Analysis - Fracture Analysis
- Galvanizati hemistry - Galvanization Chemistry

Page 1 of 7



Reference: §heet XXX of 1204

TEST |I: FIELD HARDNESS TEST

A A :
Hardness Readings
12.5 mm Increments E
6.25,6.25 12.5 12.5 12.5 12.5 . .25 i
-~ :
- - i
(IN-SITU BOLT) :

GENERAL PROCEDURE:

DETAIL | + of + + + + o+ —

l. The surface shall be free of oil, grease, rust,
el and surface coatings.

3 4 5 6 7 2. Grind galvanizing from the top surface of the rods.

3. After grinding, lightly sand surface to achieve a
profile of 15 micro-m or less per ASTM A1038.

4. Verify surface roughness with a profile meter.

5. Take measurements with calibrated portable
hardness equipment. Multiple readings at each

point shall be taken and averaged to achieve ©
consistent hardness values. P
L
6. After measuring the hardness of each rod, the &
equipment readings shall be verified against A !
a calibrated hardness reference block by ftaking v
two additional measurements. g
5
a .
¥
-
GENERAL NOTES: ;
76 _mm |l. Field hardness equipment is subject to greater E ,
variability than lab equipment. In addition, &
factors including wind and difficult access >
conditions can contribute to such variability. E !
o
FI1ELD HARDNESS READINGS FOR 76 DIA ROD, TYP 2. All dimensions are shown In millimeters. : :
(OTHER DIAMETERS SIMILAR) o !
w 1
5
2
SECTION A-A "
le 1 g
o
L 1
2
5!
Date: 2013-05-30 +
w 1
File Name: FIELD HARDNESS TEST (TP-01) 3 |
Page 2 of 7 e
8
2 1

J [FILE => 1:\bb\04-01200I\sas\rfi updates\engineer update sketches\sh e2 shear keys retrofit\test program for 354bd\tp-0l.dgn
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(HARDNESS & CHEMISTRY
DETAIL 2

Hardness tests at
3mm increments

and one In_each +
quadrant, Typ |

(ROCKWELL C HARDNESS)
SECTION B-B

SFOBB SAS (SAS) Project *04-0120F4

SAMPLE)

[ B B N

Chemistries

ngl/ ______________ J@ Vacke

at OD
at 0D/
at O

|
(___L_

TEST 1I: LABORATORY TESTS

C-
\

o é

Sample
[/ o

!

76
Min
:IO

O:I/
170

i Y9y
X/

Cut Line for
//—.Hordness Sample

12.

n
Y

R
b m e

(HARDNESS,

ISTRY)
SECTION C-C

Cut Line for
Hardness Sample

i R |
____________ [ A I~—A354BD Bolt
\I “I
CHEMISTRY & CHARPY PLE) (HARDNESS, CHEMISTRY & CHARPY SAMPLE)
DETAIL 3 4 DETAIL 4 (oo =2")

at 0D/2
at 0D/4

at OD I
at 0D/2 I
at 0D/4

[

C@ stries
| 'at OD

|

|

3 Chemistries
-
-
-

(HARDNESS, CHEMISTRY & CHARPY SAMPLES)
SECT'ON D'D(%eNMeZ) SECT|ON E'E(%eNMe&

File Name:

Page 3 of 7

Reference: §heet XXX of 1204

GENERAL PROCEDURE:

Cut sample from bolt in the field or from
spare as shown in Detail 2 or Detail 3.

Where the test sample is per Detail 2,
per form Rockwel | C hardness per section B-B,
and chemical analysis per Section C-C.

Where the test sample is per Detail 3,
perform the following steps:

Q. ggf #2.5 mm sample for hardness testing
irst.

b. Prepare hardness sample and perform

Rockwel | C hardness readings per

Section B-B.

Machine six (6) Charpy test samples as

shown in Section D-D.

Perform Charpy testing at 40F and 70F.

After cutting the samples for Charpy

tests, cut 12.5 mm sample for chemical

analysis.

f. Perform chemical analysis per Section D-D.

oo

NOTES:

I.
2.

All dimensions shown in millimeters.

Required minimum sample length for Charpy
test is 76 mm per Detail

Required minimum sample length for Charpy
test is 185 mm per Detail 4.

2013-06-05
LABORATORY TESTS (TP-02)

Date:

=> 09:40: 18

TIME PLOTTED

=> 05 JUN 2013

DATE PLOTTED

=> arlvera

USERNAME




Reference: §heet XXX of 1204

TEST HlI: FULL SIZE TENSION TEST

Threaded
Length

100 Yel low Paint Line
™ -

SN | 76mm A354 BD
( T A 0.505 Tensile gage length
|
|
|

| needs to be outboard of

\
il i : yel low paint Iine
i K e W A

76 mm .

A563 NUJ

Washer \
Face of Base ﬁt////
@ Test Set-up p

ANCHOR ROD

©
I
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
I
i
i
i
i
i
i
L
i
i
i
i
i
i
i
i

—
!
i

~

1:5

Charpies (2 Setsyl@N  JIhiCafls” """~

A

B 7
13 Expected
> 3mm Min mm Fracture
Zone

|

8 .......... 1 ............ ¢ ‘—Yel low Paint Line —
DETAIL 4
(KN
_ TESTING PROTOCOL
i
! / SAMPLE SELECTION:
ol
TENSILE AND CHARPY SAMPLES I. Perform sample selection per sampling frequency on Table "SAS A354 BD Bol+t o
Tests". =
5
y oot N EXTENDED TESTING PROTOCOL e
. . ardness tests a o
3 Chemistries (Tests listed below to be performed at an independent testing [
Sl at o gﬂg éggr?ﬂegggh laboratory accredited per 1SO 17025 or approved by Caltrans). E
- | at obs2 quadrant, Typ a
- | at OD/4 |__> 3mm Min ’ I. Load full size sample to failure. w
! oD | > 3mm Min 2. Perform Charpy V-Notch testing of broken rods at room temperature -
and at 40 degrees F.
- e Xk o 3 X e e 3. Perform reduced section tensile tests (.505 diameter) of the broken rods )
1 as detailed in "Tensile and Charpy Samples" Section. S
4. Perform hardness Testing (Rockwell C and Knoop Micro-hardness) of broken rods E
as detailed in "Rockwell C Hardness" Section. _
{I La]
5. Perform chemical analysis of broken rods as detailed in "Chemistry'" Section. %
o
6. Perform scanning electron microscopy - examination of fracture features E
I on broken rods. S
| | [
i 7. Perform Micro-structural examination of broken rods at the threaded area. =
H <
8. All dimensions shown in millimeters. °
o
CHEMISTRY ROCKWELL C HARDNESS 9. Perform Chemical analysis of galvanizing (provide tin and bismuth concentrations §
if any). n
(=]
Date: 2013-05-31 |*
w
File Name: FULL SIZE TENSION TEST (TP-03) |2
SFOBB SAS (SAS) Project *04-0120F4 Page 4 of 7 z
[%]

L | lFlLE => 1:\bb\04-012001\sas\rfi updates\engineer update sketches\sh e2 shear keys retrofit\test program for E4bd\1‘p-03. dgn
S 1



Reference: §heet XXX of 1204

TEST IV: STRESS CORROSION (TOWNSEND) TEST

p

les shall be transported to the selected testing facility where the slow
g tests in a 3.5% NaCl solution will be performed as fol lows:

Threaded
100 Length Yel low Paint Line
mm T TEST PROTOCOL:
76mm This testing protoc was developed with the assistance of Dr. Herb Townsend, PhD,PE,
Detail 5—_ | a A354 BD Dr. Karl Frank, P 3 and Mr. Doug Williams, PE.
21T TTTT 1
( . \ | SAMPLE SELECT ION: ill be tested.
L l?—. : % > 3mm Min
1
H ! | I. Prior to.e on, ABFJV shall reload the selected rods up to 0O.75Fu and
R A O 4 o0 ... TITIiITITITITTTIIIIT S N logd for 24 hours.
g i :
i , The rods shall be extracted and nondestructively tested.
76 mm i
A563 Nut
v ! e cleaned to remove all contaminants and lubricants from the threads.
Face of !
Base PL 75——////’“
i

ANCHOR ROD

'+ i %Fu Load per Rod (Kips) | Time™ (hr)
0.505 Tensile gage length 0. 30 251 48
needs to be outboard of TENSILE AND CHARPY SAMPLES 0. 40 334 48
yellow paint line - 0.50 418 48
/ .
/
/ 0.55 460 48
0. 60 501 48
\
\ \ 0.65 543 48
7 0. 70 585 48
\ Tensiles ! . 0.75 627 48
’ > 3mm Min 0. 80 669 48
------------------------- -1 mmmmmmmmm— oo -- 0.85 710 120
L it T a7 :“Y" """"""""" ! -
) > ! x Hold time ot each load step -
© { 1
5 \ o !
z. 2 \é E 5. The testing facility shall record the strain using 3 strain gauges, spaced
Charpies (2 Sets) § (\f B s ! 120 degrees apart around the circumference of the rod.
A = /O A The following data shall be recorded against time from the start of test: load
! i hydraulic pressure), displacement, confirmation that water level is above rod,
\ i water ph, reference electrode reading, strain gauge readings, relevant acoustic
\¥ ! emission events. Data shall be recorded at the beginning and end of each load
N !
| Expected step and at intervals not exceeding 8 hours.
13,13, 13 | Fracture
100 mm mm | mm \ Zone / 6. After maintaining the load ot 0.85 Fu for 5 days (120 hours) as shown above,
load the samples to failure. =
L—Yellow Paint Line i @
! 7. Transport the fractured sections to the fracture analysis lab for further [=]
DETA [ L 5 | assessment. ,:
- i Chemistries o]
- | at OD 8. Perform Charpy V-Notch testing of broken rods at room temperature and at E
- 1ot R/2 7 rees, r "Tensile and Char les" +ion. 5
,$2 56mm ;ﬁ T ot Dyo | S 3mm Min 0 degrees, pe ensile and Charpy Samples" Section. 3
‘ ! ! [_ 9., Perform reduced section tensile tests (.505 diameter) of the broken rods b
' ! as close fto the fracture surface as possible. Tensile tests to be performed i
’ - as detailed in "Tensile and Charpy Samples" Section.
mm
Increments 2mm Lniremen 10.Perform Rockwel | C hardness and Knoop (Micro-hardness) testing g
3mm see Note per "Rockwell C Hardness" Section, and no closer than | rod diameter ~
Increments — from the ends of each rod. E
es @ 9t-§egr2;§ G+gggsgocing I'1.Perform chemical analysis of broken rods at the threaded area and :
dings fbr the Rockwel | C i at the shank. Chemical tests to be performed as detailed in "Chemistry" Section. é
: all be 3mm for H
¢ 0ss section. | I2.Perform scanning electron microscopy - examination of fracture features E
' on broken rods. T
76mm The spacing between the readings w
for the Knoop measurements only 3. Perform Micro-structural examination of broken rods at the threaded area. 3
shall be as fol lows: CHEMISTRY
e 2mm Increments for the first |10mm X . L i X i i (4
ROCKWELL C HARDNESS from the exterior I4.E’erform Chemical analysis of galvanizing (provide tin and bismuth concentrations g
e 3mm Increments in between if any). 5
Date: 2013-05-31 [|*
w
File Name: STRESS CORROSION (TOWNSEND) TEST (TP-04) |2
SFOBB SAS (SAS) Project *04-0120F4 Page 5 of 7 £
w
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SUMMARY OF ALL TEST |

Average Hardness - 3" Rods

Average Hardness - 2" Rods

Average | 354 | 344 | 328 | 315 | 327 [ 341 | 353 Average | 367 | 350 | 333 | 351 | 367 |
40 40
, + + + +
38
36 L -
§ 9 36 \ /
2 34 o
'E ©
m S
T 32 : & 34
O
N + >~ — + 5 4 -
2 T
S 28 1| =@=Item 9 (20 rods) - All 3" Rods (686 rods) - X
& Item 12 (226 rods) ==Item 3 (287 rods) g 30 —o—Item 4 (224 rods) —=Item 14 (16 rods)
26 +—| Item 15 (8 rods) —¢—|tem 2 (138 rods) — .
ltem 16 (12 rods) + ASTM Req. =—All 2" Rods (240 rods) + ASTM Req.
24 T T T T T 28 T T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0 0.0 0.5 1.0 1.5 2.0
Location (in.) Location (in.)
Average Hardness - 4" Rods Average Hardness - 3.5" Rods
Average | 370 | 359 | 349 | 339 | 325 | 342 | 351 | 360 | 367 | Average | 36.1 | 350 | 338 | 324 | 312 | 327 | 338 | 350 | 36.0 |
40 40
. + + N + +
5 36 2 36
c c
S 34 T 34
o] ]
T I
O 32 O 32
= = ~
T . + + . + +
(&) (&)
& 08 —o—Item 13 (36 rods) ~=Item 8 (20 rods) 2 08
#—All 4" Rods (56 rods) + ASTM Req. ——All 3.5" Rods (223 rods) —o—Item 7 (223 rods) + ASTM Req.
26 T T T T T T T 26 T T T T T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

Location (in.)

Location (in.)




0 N O Orn..b W IN -

1/4" 1/4"

1/4"
Hardness readings @ W

—‘ (1/4"

1/4" & 1/2" increments 1/2" £ 1/2" +1/2" 41/2"
A BCDETFGH
O O O O O O O O ]
O 0O 0O OO0 0O 0O
O(g\/SectionA(Typ_) -
o ol e
O O 50
O O o0
O 0O 0O OO0 00O .
O O OO O O OO0 Section A (Typ.)

SHEAR KEY ANCHOR ROD LAYOUT

GENERAL PROCEDURE:

1) Galvanizing was ground off the top surface of the rods using a grinder.

2) Suitable sand paper was lightly applied after grinding to achieve a
surface profile of 15 ym or less per ASTM A1038.

3) A profile meter was utilized to ensure surface roughness is acceptable.

4) The surface was free from oil, grease, dust, rust, and surface coatings.

5) Measurements were taken as shown on Section A above.

6) After measuring the hardness on each rod, the equipment readings
were verified against a certified hardness reference block by taking 2
additional measurements.

GENERAL NOTES:

Note 1: Field hardness equipment is subject to greater variability than lab equipment. In
addition,factors including wind and difficult access conditions can contribute to
such variability.

Revision No: | By: Date:

SELF-ANCHORED SUSPENSION BRIDGE

E2 Shear Key Hardness Readings - 48 Rods
(Fabricated in 2010)

Drawn By: | MH
Date: 6/20/2013

SHEET
NUMBER

2-1-S3-BOT

HARDNESS TEST RESULTS

1] 316 |1] 348 | 1] 359 [|1] 357 |1] 357 |1] 354 |1] 373 |1] 36.3
2| 364 |2] 331 [2] 343 |2 348 |2] 350 |2]| 332 [2] 357 |2 345
31366 |3] 321 |3] 335 [|3] 331 [3] 331 |3 33.0 |3] 347 |3] 31.4
1 4] 284 |4 312 |4 312 |4 320 |4 320 |4 326 |4] 331 |4] 31.0
51 306 |5] 324 |5 331 |5] 326 |5| 338 |5]| 333 |5| 328 |5]| 30.8
6| 326 |6] 339 |6 342 |6| 330 |6| 349 |6] 348 |6 342 |6 314
71 324 171345 17132 |7 340 |71 363 171 369 |7 346 |7 343
1] 37.3 | 1] 340 [|1] 349 [1 1] 34.7 | 1] 33.0 [1] 361 [1] 353
2] 353 |2] 339 [2] 337 |2 21 336 |2 312 |2 347 |2 335
3] 338 |3] 327 |3] 325 |3 3] 312 |3] 300 |3] 330 [3] 321
2 4] 321 |4 308 |4 311 |4 41 299 |4 293 |4 311 [4] 302
5] 337 |5] 328 |5] 324 |5 5| 312 |5] 304 |5] 308 |5 3238
6| 345 |6] 334 |6 334 |6 6| 335 |6] 330 |6] 336 |6 336
71 351 |71 348 |71 343 |7 71 365 171 367 |7 344 |71 361
1] 36.4 | 1] 34.6 11 351 | 1] 356
2] 349 |2 327 P 2| 344 | 2] 345
3 3T 333 |3 311 | Location: Shear Key S3 3] 335 |3 342
4] 313 |4 2938 : . 4] 322 |4 335
g 307 g 503 Average Field Hardness: 33.7 HRC 5515 151 341
33.7 33.8 : nwqn, 6 35.1 6 35.3
71 346 |71 348 Average Reading "1": 35.5 HRC 7T 3585 1717 356
1] 356 |1 342 -Average Reading "2": 34.2 HRC 1] 363 |1 334
2| 341 | 2] 328 _ 2| 343 | 2] 328
4 2 2?523 2 gg.g -Average Reading "3": 33.0 HRC 2 23.4 2 ggg
51 322 |5 306 -Average Reading "4": 31.5 HRC 5 337 |5 286
O 3aS 171 3a5 | -Average Reading "5": 325 HRC  [51 388151329
1 34.9 1 35.2 : npn., 1 34.6 1 34.9
5T 325 12T 34%6 Average Reading "6": 33.9 HRC 51335 121 339
5 3| 312 3| 334 -Average Reading "7": 35.2 HRC 3] 327 3] 316
4] 304 |4 322 4] 301 |4 305
g 32'3 g gg-g Average Surface Hardness Readings g g;g g g;-g
71 362 |71 358 from 2010 MTR's: 35 HRC 7 343 |71 333
1] 344 [1] 346 : 1] 35.2 | 1] 36.1
5335 121 339 Average R/2 Hardness Readings 5336 21 34%6
31 326 [3] 334 | from 2010 QC Reports: 33.9 HRC 3] 329 [3] 339
6 4] 310 |4] 318 4] 323 |4] 333
5] 334 |5] 295 5] 330 |5] 329
6| 340 |6 327 6| 341 |6 334
71 348 |71 350 _ 71 355 |7 352
1] 368 |1] 368 |1] 346 [1] 350 [1 1] 361 | 1] 362 [|1] 354 |
2] 356 |2] 356 |2 323 |2] 342 |2 2| 345 |2] 343 | 2] 34.0
31 346 |3] 334 |3] 316 [3] 331 |3 3] 333 |3] 322 |3] 336
7 4] 316 |4 319 |4 304 |4 325 |4 41 317 |4 311 4] 326
51 335 |5] 337 |5] 322 [5] 333 |5 5] 339 |5] 326 |5] 334
6| 344 |6] 351 |6 333 |6] 349 |6 6| 348 |6] 338 |6 339
71 360 17139 |7 345 |71 31 |71 71 350 171 344 |71 346
11 36.7 | 1] 366 |1] 368 [|1] 365 [1] 353 | 1] 36,56 [|1] 354 [1] 36.9
2| 354 |21 340 [2] 361 |2 358 |2] 338 |2| 349 [2] 342 |2 362
3] 351 |3] 336 |3] 339 [3] 332 [3] 333 |3 342 |3] 338 |3] 34.9
8 4] 343 |4 314 |4 330 |4 329 |4 322 |4] 335 |4] 322 |4 31.1
51 332 |5] 327 |5 347 |5] 340 |5| 340 |5]| 342 |5| 317 |5]| 324
6| 345 |6| 335 |6 354 |6| 349 |6]| 354 |6 350 |6 339 |6 344
71 35 |71 350 |71 369 |7 355 |7 360 17| 361 17 357 |7 365

MEASUREMENT LOGISTICS:

1) Recorded ambient temperature (Deg. F): 68 F
2) Equipment Utilized: Krautkramer MIC 10 Hardness Tester
3) Measurements Standard: Rockwell C standard
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GENERAL PROCEDURE:

1) Galvanizing was ground off the top surface of the rods using a grinder.

2) Suitable sand paper was lightly applied after grinding to achieve a
surface profile of 15 ym or less per ASTM A1038.

3) A profile meter was utilized to ensure surface roughness is acceptable.

4) The surface was free from oil, grease, dust, rust, and surface coatings.

5) Measurements were taken as shown on Section A above.

6) After measuring the hardness on each rod, the equipment readings
were verified against a certified hardness reference block by taking 2
additional measurements.

GENERAL NOTES:

Note 1: Field hardness equipment is subject to greater variability than lab equipment. In
addition,factors including wind and difficult access conditions can contribute to
such variability.

Revision No: | By: Date:

SELF-ANCHORED SUSPENSION BRIDGE

E2 Shear Key Hardness Readings - 48 Rods
(Fabricated in 2010)

Drawn By: | MH
Date: 5/21/2013

SHEET
NUMBER

2-1-S4-BOT

HARDNESS TEST RESULTS

1] 330 [1] 341 |1] 331 |1 1] 315 | 1] 340 |1] 327 |1] 33.6
21 3.8 |2 323 |2] 355 |2 2 333 |2 342 |2 344 [2] 347
3] 316 3] 296 |3] 311 |3 31 309 [3] 332 |3] 307 [3] 31.8
1 41 265 4] 29.0 |4] 313 |4 41 298 |4 306 |4 287 [4] 320
5| 285 |5 337 |5] 325 |5 5[ 323 |5 309 [5] 296 |5] 31.3
6| 31.7 |6] 347 |6] 337 |6 6| 338 |6 340 |6] 327 |6 33.3
71333 |71 329 171314 |7 71 315 |71 342 |71 319 |7 328
1] 341 [1] 335 [|1] 335 |11 333 [1 1] 346 [1] 36.2 |1
21 322 2] 339 [2] 340 [|2] 330 |2 21 330 |21 332 |2
31 322 [3] 307 |3] 324 [3] 299 |3 31318 |3 323 |3
2 4] 290 [4] 312 |4 279 [4] 281 |4 4] 280 |4 284 |4
5/ 319 |5] 307 |5 326 |5| 305 |5 5[ 312 [|5] 320 |5
6| 335 |6] 332 |6| 343 |6] 330 |6 6| 325 |6] 337 |6
71 323 |71 340 |71 329 |71 340 |7 71 336 q 34.9 q |
1] 382 [ 1] 33.3 34.2 36.7
S1 357 |5 317 | Location: Shear Key S4 CH L AL
3 e —te 92— Average Field Hardness: 32.4 HRC | 2+-333 {31393
61 858 15382 -Average Reading "1": 33.8 HRC 6 I 15 338
; gi-g ; 22421 -Average Reading "2": 33.9 HRC ; ; %i?
4 2 ggg 2 :;17:? -Average Reading "3": 31.2 HRC 2 2 g%fg
5| 302 |5] 29.3 -Average Reading "4": 29.4 HRC 5 g 33.5
6] 327 |6] 36.9 A 6 34.7
7 352 |71 375 -Average Reading "5": 31.3 HRC 7 717335
se0 -Average Reading "6": 33.4 HRC [ 352
5 2 g}g 2 -Average Reading "7": 33.8 HRC 2 2 g?g
g ggg g Average Surface Hardness Readings g g %‘é‘?
7T 369 |7 from 2010 MTR's: 35 HRC 7 77353
30 —11+-328{ Average R/2 Hardness Readings I B s
3] 288 3] 30.1 | from 2010 QC Reports: 33.9 HRC 3] 310 |3] 31.8
6 g 27.8 g 26.1 g 29.6 g 30.0
31.3 29.2 33.3 32.0
6 345 |6] 336 6] 341 |6 34.2
71 325 |71 330 _ 171339 [71 340
1 1] 334 | 1] 321 [1 1] 325 [ 1] 325 |1 1] 34.8
2 21 349 [2] 359 |2 2] 340 |21 350 |2 2] 326
3 3] 325 3] 315 |3 3] 295 |3] 328 |3 3] 29.8
7 4 41 203 |4 305 |4 41 270 |4 286 |4 A1 212
5 5] 310 |5] 298 |5 5[ 286 |5] 323 |5 5| 295
6 6| 326 |6 328 |6 6 327 |6] 342 |6 6| 30.6
7 71 328 |71 326 17 71 358 171352 |7 71 328
1] 32.0 |11 329 |11 335 [|1] 301 |11 351 |11 349 [1 T 349 |
21 333 |2 325 |2 334 [|2] 340 |2 333 [|2] 340 |2 2] 31.9
3] 291 [3] 293 |3] 282 [3] 299 |3] 307 [3] 324 |3 3] 289
8 4] 276 |4] 291 |4 302 [4] 326 |4 267 [|4] 305 |4 4] 266
5[ 290 |5] 317 |5] 285 |5] 327 |5] 319 [5] 309 |5 5| 29.8
6| 31.8 |6] 323 |6| 329 |6] 337 |6 322 |6] 318 |6 6| 30.8
71 340 |71 324 |71 340 171303 |7 327 171339 |7 71 352 |

MEASUREMENT LOGISTICS:

1) Recorded ambient temperature (Deg. F): 68 F
2) Equipment Utilized: Krautkramer MIC 10 Hardness Tester
3) Measurements Standard: Rockwell C standard
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GENERAL PROCEDURE:

1) Galvanizing was ground off the top surface of the rods using a grinder.

2) Suitable sand paper was lightly applied after grinding to achieve a
surface profile of 15 pym or less per ASTM A1038.

3) A profile meter was utilized to ensure surface roughness is acceptable.

4) The surface was free from oil, grease, dust, rust, and surface coatings.

5) Measurements were taken as shown on Section A above.

6) After measuring the hardness on each rod, the equipment readings
were verified against a certified hardness reference block by taking 2
additional measurements.

GENERAL NOTES:

Note 1: Field hardness equipment is subject to greater variability than lab equipment. In
addition,factors including wind and difficult access conditions can contribute to
such variability.

Revision No: | By: Date:

SELF-ANCHORED SUSPENSION BRIDGE

E2 Bearing Hardness Readings - 24 Rods
(Fabricated in 2010)

Drawn By: | MH
Date: 5/21/2013

SHEET

numeer 2-1-B1-BOT

HARDNESS TEST RESULTS

1] 354 | 1] 343 | 1] 338 1] 350 1] 344 |1
2] 351 | 2] 335 [2] 340 |2[ 307 |2[ 375 |2
3] 301 |3] 333 |3 332 |3] 276 |3] 335 |3
1 4] 344 [4] 314 |4 355 [4] 298 |4 356 |4
5] 349 |5| 324 |5 331 |5| 265 |5| 336 |5
6| 363 |6 304 |6 372 |6] 302 |6] 323 |6
71339 |71 354 7346 |7] 359 7] 339 |7
1] 37.6 1] 34.3
2| 26.8 P - 2] 371
2 2 575 Location: Bearing B1 2 301
31.9 : : 26.4
51320 | Average Field Hardness: 32.1 HRC g 57
6| 328 : nqn. 29.8
717380 -Average Read!ng 1": 34.2 HRC 717350
-Average Reading "2": 32.9 HRC
3 -Average Reading "3": 29.4 HRC
-Average Reading "4": 30.0 HRC
-Average Reading "5": 31.2 HRC
-Average Reading "6": 32.8 HRC
4 -Average Reading "7": 34.6 HRC
& : &
S | Average Surface Hardness Readings [ < &
vc,o from 2010 MTR's: 35 HRC vc,o
Average R/2 Hardness Readings
5 from 2010 QC Reports: 33.9 HRC
1 1] 32.5
2 2] 31.1
3 3] 23.0
7 ) 47 30.1
5 5| 27.7
6 6| 34.9
L 17 326 |
1] 334 [1] 311 [1] 361 1] 338 [1] 327 [1] 34.4
2| 329 |2] 276 |2] 355 [2] 302 |2] 380 |2] 303
3] 314 |3 294 |3 335 |[3] 242 |3] 277 |3 268
8 4 226 4] 231 |4 306 |4] 285 |4] 295 |4 30.0
5[ 317 [5[ 322 |5[ 328 |5] 322 |5| 264 |5 334
6| 303 |6] 283 |6] 351 |6] 351 |6] 328 |6| 33.2
71333 71328 171353 |7 333 |71 349 |71 350

MEASUREMENT LOGISTICS:

1) Recorded ambient temperature (Deg. F): 68 F
2) Equipment Utilized: Krautkramer MIC 10 Hardness Tester
3) Measurements Standard: Rockwell C standard
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GENERAL PROCEDURE:

1) Galvanizing was ground off the top surface of the rods using a grinder.
2) Suitable sand paper was lightly applied after grinding to achieve a
surface profile of 15 pym or less per ASTM A1038.
3) A profile meter was utilized to ensure surface roughness is acceptable.
4) The surface was free from oil, grease, dust, rust, and surface coatings.
5) Measurements were taken as shown on Section A above.
6) After measuring the hardness on each rod, the equipment readings
were verified against a certified hardness reference block by taking 2
additional measurements.

GENERAL NOTES:

Note 1: Field hardness equipment is subject to greater variability than lab equipment. In
addition,factors including wind and difficult access conditions can contribute to
such variability.

Revision No:

By:

Date:

SELF-ANCHORED SUSPENSION BRIDGE

E2 Bearing Hardness Readings - 24 Rods

(Fabricated in 2010)

Drawn By:

MH

Date:

5/21/2013

SHEET
NUMBER

2-1-B2-BOT

HARDNESS TEST RESULTS

1] 29.0 |1 1] 339 |11 349 |1 1] 35.3
2] 363 |2 2 287 2] 344 |2 2| 30.7
3] 322 |3 3] 310 |3] 297 |3 3] 350
1 4] 334 |4 41 298 |4 322 |4 41 311
5[ 27.8 |5 5| 338 |5] 335 |5 5| 33.6
6| 356 |6 6| 349 |6| 363 |6 6| 3838
71326 |7 71 329 |71 354 17 7] 366
1 1] 332
2 N : 2| 322
2 2 Location: Bearing B2 2 316
: 33.6
5 Average Hardness: 33.0 HRC 5T 302
g -Average Reading "1": 34.2 HRC 61 3
-Average Reading "2": 33.7 HRC
3 -Average Reading "3": 31.8 HRC
-Average Reading "4": 31.3 HRC
-Average Reading "5": 31.0 HRC
-Average Reading "6": 34.5 HRC
-Average Reading "7": 34.7 HRC
4 | ox° &F
oe,e@ Average Surface Hardness Readings oe,e@
W from 2010 MTR's: 35 HRC W
Average R/2 Hardness Readings
5 from 2010 QC Reports: 33.9 HRC
1] 325 | 1] 35.7 |
2| 355 2] 310
3] 354 3] 362
7 41 319 41 278
5| 266 5[ 31.0
6| 30.4 6| 33.9
7| 354 _ _ _ 71 353
11 331 | 1] 352 1] 362 [1] 345 1] 373 [|1] 33.8
2| 378 2] 367 |2] 334 2| 371 |2] 357 |2 287
3] 334 3] 291 [3] 329 |3] 325 |3] 269 |3] 274
8 41307 |4 322 |4] 309 |4 309 |4 320 |4 30.0
5[ 318 |5| 328 |5| 271 |5 296 |5| 295 |5]| 35.1
6| 348 |6[ 321 |6| 325 |6| 338 |6 374 |6]| 37.0
71369 |7 334 |7 350 |7 330 |7 365 |7 343

MEASUREMENT LOGISTICS:

1) Recorded ambient temperature (Deg. F): 68 F
2) Equipment Utilized: Krautkramer MIC 10 Hardness Tester
3) Measurements Standard: Rockwell C standard
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GENERAL PROCEDURE:

1) Galvanizing was ground off the top surface of the rods using a grinder.

2) Suitable sand paper was lightly applied after grinding to achieve a
surface profile of 15 pym or less per ASTM A1038.

3) A profile meter was utilized to ensure surface roughness is acceptable.

4) The surface was free from oil, grease, dust, rust, and surface coatings.

5) Measurements were taken as shown on Section A above.

6) After measuring the hardness on each rod, the equipment readings
were verified against a certified hardness reference block by taking 2
additional measurements.

GENERAL NOTES:

Note 1: Field hardness equipment is subject to greater variability than lab equipment. In
addition,factors including wind and difficult access conditions can contribute to
such variability.

Revision No: | By: Date: SELF-ANCHORED SUSPENSION BRIDGE

E2 Bearing Hardness Readings - 24 Rods
(Fabricated in 2010)

Drawn By: | MH
Date: 5/23/2013

SHEET

numeer | 2-1-B3-BOT

HARDNESS TEST RESULTS

1] 340 | 1] 331 | 1] 356 1] 371 | 1] 353 |1 347
2| 331 |2 324 |2] 335 |2] 356 |2| 326 |2 329
31309 [3[320 |3[310 3] 339 |3] 309 |3] 315
1 41 299 [4] 304 |4 311 |4] 309 |4] 300 |4 306
5[ 314 [5[ 323 |5[ 319 |5[ 327 |5] 318 |5] 32.1
6| 334 6] 339 |6[ 338 |6] 350 |6| 348 |6 335
71 347 |71 340 7031 |7] 363 |7] 380 |7 350
1 1] 3538
£ Location: Bearing B3 £ 35
2 2 Average Field Hardness: 335 HRC | #-298
6 H nmqn, 6 328
Vi - Average Reading "1". 35.8 HRC  |7—5¢
- Average Reading "2": 33.9 HRC
- Average Reading "3": 32.1 HRC
3 - Average Reading "4": 30.4 HRC
- Average Reading "5": 32.2 HRC
- Average Reading "6": 34.0 HRC
- Average Reading "7": 35.9 HRC
4 & - & °
<~ o | Average Surface Hardness Readings | <* &
o from 2010 MTR's: 35 HRC o2
¥ S
Average R/2 Hardness Readings
5 from 2010 QC Reports: 33.9 HRC
11 36.8 17 36.3
2| 334 2| 34.2
3| 32.1 3] 307
7 4] 287 4] 269
5[ 309 5] 30.8
6| 336 6| 334
71 358 _ _ _ 71 371
1] 362 | 1] 367 [ 1] 374 [1] 351 [1] 349 [1] 38.1
2] 341 | 2] 341 [2] 351 [2] 349 |2] 340 |2 3438
3] 317 31333 |3[ 340 |[3] 321 |3] 331 |3 323
8 4] 304 [4] 317 |4 329 4] 319 |4] 308 |4 303
5[ 321 [5[ 334 |5[ 330 |5] 330 |5] 339 |5[ 324
6| 352 6] 339 |6] 345 |6] 340 |6] 350 |6 33.9
71 371 {71363 17 359 |7 361 |71 362 |71 369

MEASUREMENT LOGISTICS:

1) Recorded ambient temperature (Deg. F): 57 °F
2) Equipment Utilized: Krautkramer MIC 10 Hardness Tester
3) Measurements Standard: Rockwell C standard
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— 172" +1/2"+1/2" +1/2"
1/4" & 1/2" increments A B C D E F

A B CDUE F 11 337 1] 379 [1] 350 [1] 362 [|1] 391 [1] 347

% 34.9 % 33.3 % 34.0 % 37.7 % 33.8 % 30.3
L 33.7 31.7 33.5 33.0 33.5 27.4
4| 30.3 4| 26.5 4| 31.9 4| 29.8 4| 28.9 4| 351
110 O O O O O / \ 1 5| 324 |5 207 5| 340 |5] 316 |5| 318 |5] 297
6| 34.2 6| 329 6| 38.0 6| 379 6| 35.1 6| 36.1
2 O O /| 357 7] 393 /] 36.7 /] 358 /] 36.9 /] 353
11 36.3 1
"\ Section A (Typ.) 21—313—| Location: Bearing B4 £
300 O 2 41 337 _ _ 4
N OO O O O OO0 5] 319 Average Field Hardness: 33.8 HRC 5
6 34.2 : nqn 6
4 | O O 12 3 4 5 67 71 338 -Average Reading "1": 35.0 HRC 7
-Average Reading "2": 34.4 HRC
5 O O 3 -Average Reading "3": 32.5 HRC
6 ® O -Average Reading "4": 31.7 HRC
-Average Reading "5": 31.8 HRC
71O O 3 -Average Reading "6": 35.8 HRC
4 & ° -Average Reading "7": 35.4 HRC & °
I 2 23
& _ &
800 O0O0O0O0 Section A (Typ) < Average Surface Hardness Readings g
v from 2010 MTR's: 35 HRC v
BEARING ANCHOR ROD LAYOUT Average R/2 Hardness Readings
5 from 2010 QC Reports: 33.9 HRC

GENERAL PROCEDURE:

1) Galvanizing was ground off the top surface of the rods using a grinder.

2) Suitable sand paper was lightly applied after grinding to achieve a
surface profile of 15 pym or less per ASTM A1038.

3) A profile meter was utilized to ensure surface roughness is acceptable. 6

4) The surface was free from oil, grease, dust, rust, and surface coatings.

5) Measurements were taken as shown on Section A above.

6) After measuring the hardness on each rod, the equipment readings TT 333
were verified against a certified hardness reference block by taking 2 5 a % ::’;’g%
additional measurements. 7 &S o“e) 451 ggg

& .
GENERAL NOTES: < ;3 g;g
Note 1: Field hardness equipment is subject to greater variability than lab equipment. In 1 TT 330 TT 336 T TT 332 TT 332
addition,factors including wind and difficult access conditions can contribute to % % ggg % gz.g % % 36.2 % gg.g

such variability. 8 4 41 362 4] 359 |4 41 285 [4] 201
T Dato: 5 5/ 378 |5] 328 |5 5[ 242 |5] 337
S et : SELF-ANCHORED SUSPENSION BRIDGE 6 6] 390 |6]| 357 |6 6| 378 |6] 308

L 7.1 36.1 71 354 7 7 346 71 33.1

E2 Bearing Hardness Readings - 24 Rods
(Fabricated in 2010)

Drawn By: | MH SHEET

Date: 5/21/2013 NUMBER 2_|_B4_BOT

MEASUREMENT LOGISTICS:

1) Recorded ambient temperature (Deg. F): 68 F

2) Equipment Utilized: Krautkramer MIC 10 Hardness Tester
3) Measurements Standard: Rockwell C standard
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SECTION A (TYP.)

GENERAL PROCEDURE:

1) Galvanizing was ground off the top surface of the rods using a grinder.

2) Suitable sand paper was lightly applied after grinding to achieve a
surface profile of 15 ym or less per ASTM A1038.

3) A profile meter was utilized to ensure surface roughness is acceptable.

4) The surface was free from oil, grease, dust, rust, and surface coatings.

5) Measurements were taken as shown on Section A above.

6) After measuring the hardness on each rod, the equipment readings
were verified against a certified hardness reference block by taking 2
additional measurements.

GENERAL NOTES:

Note 1: Field hardness equipment is subject to greater variability than lab equipment. In
addition,factors including wind and difficult access conditions can contribute to
such variability.

Revision No: | By: Date: SELF-ANCHORED SUSPENSION BRIDGE

E2 Shear Key Top Anchor Rods
Hardness Readings

Drawn By: | MH SHEET

Date: 5/21/2013 NUMBER 3_|_S1a_TOP

HARDNESS TEST RESULTS

1] 343 | 1] 374 |1 324 |1] 365 [|1] 369 | 1] 373 [1] 343 |1 34.0
2| 348 [2] 349 |2[ 304 |2[ 357 |2] 383 |2] 360 |2| 326 |2 326
3] 332 [3] 328 |3 305 |3] 319 [3] 360 |3] 351 |3 32.0 [3] 32.1
1 41 323 |4 294 |4 244 |4] 298 |4] 329 |4| 368 |4] 283 |4 31.0
5| 329 |5| 346 |5| 279 |5 346 |5| 344 |5[ 344 |5[ 296 |5 30.0
6| 321 |6| 344 |6| 288 |6 343 |6| 362 |6| 375 |6| 328 |6 307
71347 |71 359 |7| 328 |7 368 |7| 370 |7] 361 |7] 339 |7 3238
] ] 1] 329 | 1] 342 [1] 368 |1 1] 318 [1] 356
2 2 2] 340 |2] 357 [2] 345 |2 2] 324 |2 329
3 3 3] 318 [3] 330 |3] 341 |3 3] 300 |3 312
2 4 4 41 333 |4 322 |4 291 |4 41 298 |4 28.1
5 5 5[ 322 |5] 317 |5] 321 |5 5| 325 |5 299
6 6 6 351 |6| 344 |6| 375 |6 6] 33.0 |6 355
7 7 71 341 71350 |71 357 |7 71 333 |71 360
1] 332 |1 3838 11 347 [1] 34.0
41324 |51 355 | Location: Shear Key S1 AT EAY
4] 336 |4 355 . 41 313 [4] 281
3 5[ 324 |5 347 Field Average Hardness: 33.2 HRC [5] 318 [5] 27.9
6| 344 |6 366 Cwam 6| 33.2 |6 33.0
71 322 |71 384 -Average Reading "1": 34.5 HRC 7] 355 |71 343
T aey—| -Average Reading "2":33.9 HRC  H-39—3
4 o322 3. 333 -Average Reading "3": 32.1 HRC |3+ 318 12
S| 354 15| 36.2 -Average Reading "4": 31.2 HRC S| 326 15
6| 359 |6 353 o 6] 328 |6
z 36.8 q 37.9 -Average Reading "5": 32.3 HRC z 333 q
35.9 34.8 A
21 336 |2 365 -Average Reading "6": 33.5 HRC 2 2
7 2 33;8 Z g%;g -Average Reading "7": 34.7 HRC 2 2
5] 332 5] 322 A Surf Hard Readi 5 5
325 8 355 verage Surface Hardness Readings |3 2
7 32:4 71 368 from 2010 MTR's: 35 HRC 7 7
32.2 32.8 : 34.3 33.0
; 348 ; 348 | Average R/2 Hardness Readings ; 320 ; 329
31330 3] 333 | from 2010 QC Reports: 33.9 HRC 3] 305 |3 309
8 41 358 |4 304 41 307 |4 298
5| 36.0 |5 32.6 5| 288 |5 317
6| 349 |6 33.8 6| 316 |6 | 342
7| 365 |7 347 71339 |7 342 |
1] 361 [ 1] 351 | 1] 348 |1 1T 315 [1] 328 | 1] 32.7 | 1] 33.6
2| 349 |2 348 |2] 342 |2 2| 302 |2 324 |2 304 |2 315
31 308 |3] 326 |3] 329 [3 3] 203 |3] 286 |3 300 |3] 288
9 41 324 |4 344 |4 309 |4 4] 255 |4 284 |4 301 |4 317
5] 351 |5] 350 |5[ 317 |5 5| 204 |5| 319 |5 328 |5| 32.9
6] 328 6| 339 |6 331 |6 6| 307 |6] 299 |6 327 |6] 335
71 327 |71 373 |7 345 |7 71 310 |7 334 |7 335 |7[ 339
1] 365 [1] 372 |1] 327 |1 334 |1 T] 344 | 1] 336 |1
2| 375 |2] 368 |2 315 |2] 318 |2 2] 317 |2] 318 |2
3] 3.2 [3[ 317 |3 325 |3] 307 |3 3] 316 |3] 291 |3
1 O 41 302 |4 331 [4] 319 [4] 297 |4 4] 300 |4 301 |4
5| 324 [5[ 323 |5[ 329 |5[ 309 |5 5| 290 |5] 299 |5
6| 341 |6| 368 |6| 331 |6 315 |6 6| 316 |6| 311 |6
71326 |71 365 |71 327 |71 329 |7 71 355 |71 356 |7

MEASUREMENT LOGISTICS:

1) Recorded ambient temperature (Deg. F): 68 F
2) Equipment Utilized: Krautkramer MIC 10 Hardness Tester
3) Measurements Standard: Rockwell C standard




A B CDEFGH I J K CDEGHI
HARDNESS TEST RESULTS
T~ 3|0 0o o o0 o0
R N 4o oo o CID[E][G][H]
\\/Section A (Typ.)
o N N N o 5/0 0 0 0 ofo T] 362 | 1] 364 | 1] 363 | 1] 368 |1] 36.6 | 1] 36.0
2 —-p— P -~ -~ S R 6lo 000 0 6/ 2| 351 |2] 354 |2 358 |2] 361 |2] 352 |2] 352
| Seesnear Rey Lenter 3| 34.6 3| 344 3| 344 3| 3441 3] 343 3| 332
- o Redieyodoniisshed 3 41333 4] 330 |4] 337 |4] 336 |4 331 [4] 3238
3 b ot ) i 70 o O O g 34.6 g 34.6 g 34.6 g 34.6 g 34.0 g 33.8
" - T Y Y Y T N Y Y [T 35.1 35.8 35.8 35.2 35.5 34.5
1 80 00O 00O 71 357 |71 367 |7 365 |7 367 |71 359 |71 364
4 —-— -G+ -+—D—- b -—d] b—-br-— 11 36.1 1] 358 [ 1] 371 1] 36.0
C e R R C SHEAR KEY CENTER ROD LAYOUT 21 34.9 2] 336 |2] 357 2] 34.9
5 —|- _ B v S N Nl p e —@ ! _ __ 3] 339 3| 324 3| 35.0 3] 33.0
B N A e et et 4 4] 332 41 318 4] 331 4] 315
S e il ey el iy I 1u w 1. 1. 5| 34.4 5[ 329 |5] 349 5] 32.3
6 — 1B+ ++—-1+-—-— 4 4 4 4 6| 356 6] 335 |6] 363 6| 335
7 | CI ,_l__l_gl___|__|__|_| ! ! Hardness readings @ 1n 1n 1n 1;&’K q g’gé T 36.9 q ggg q gg—% T 356 q ggg
— - v N C) - ) - C) - CD 7, _CJ I " " increments 5 19 19 1o . . . . . .
o i i e e Mt it i e t 212122 % 34.4 % 36.3 % 34.5 % 34.7 | 2] 333 [2] 36.1
- _ |l R TATART T TR TN T NN 32.6 34.0 33.5 32.9 3| 31.2 3| 34.0
8 P LR B ] o T T 41318 |4 333 |4 314 |4 311 |4 304 |4 33.0
- J
| | 5| 334 5| 344 5| 322 5| 327 5| 317 5| 337
6| 34.6 6| 35.0 6| 34.2 6| 337 6| 334 6| 352
9 — oL S S5 R 71366 |71 368 |7 362 |7 364 |7 352 7] 358
| | o o | | 00 O O O 00 11 362 1] 357 1] 355 [1] 356 [1[ 360 |1] 356
12 3 4 5 67 2| 343 2| 33.7 2| 343 2| 343 2| 352 2| 3441
10— & b L A 31320 |3[ 326 |3 335 |3] 332 |3] 343 |3 336
o=@ S 4 S T 6 41 310 |4 317 |4] 31.8 |4| 325 |4 333 |4 329
5| 315 5| 325 5| 333 5| 33.1 5| 33.9 5| 335
3 6| 33.2 6| 34.8 6| 34.2 6| 34.3 6| 347 6| 34.2
SHEAR KEY HOUSING PLAN VIEW /| 345 /] 352 /| 352 /| 36.0 /] 357 /| 354
7 7.1 . .
scoTon A v I AR e
7 3| 322 3| 34.6 3| 32.8 3| 334
ion: 41 313 4| 337 4| 32.0 4| 31.6
GENERAL PROCEDURE: Location: Shear Key S1 AT 51345 |51 335 51350
1) Galvanizing was ground off the top surface of the rods using a grinder. Field Average Hardness: 34.4 HRC g %‘é-‘} g gg-g g %‘é-ﬁ’ 9 gg-g
2) Suitable saqd paper was lightly applied after grinding to achieve a - Average Reading "1": 36.2 HRC T 354 111 355 111 354 111 376 111 367 11 364
surface profile of 15 ym or less per ASTM A1038. A Reading "2" 34.8 HRC 21 343 |2 345 [|2] 337 |2| 32 |2] 356 [2]| 34.0
3) A profile meter was utilized to ensure surface roughness is acceptable. - Average ~ea !ng - : 8 2 %%:;’ 2 g?? 2 gf'g 2 g?g 2 ggg 2 g?'g
4) The surface was free from oil, grease, dust, rust, and surface coatings. - Average Reading "3"- 33.5HRC 51 330 |50 335 (50 322 (51 333 |50 343 5] 336
5) Measurements were taken as shown on Section A above. - Average Reading "4": 32.4 HRC 6| 348 16| 341 |6 344 16| 342 6| 349 6| 34.0
6) After measuring the hardness on each rod, the equipment readings - Average Reading "5": 33.5 HRC L1 352 17| 366 7] 366 17| 367 17] 362 |7 354
were verified against a certified hardness reference block by taking 2 - Average Reading "6": 34.6 HRC
additional measurements. - Average Reading "7": 36.0 HRC

GENERAL NOTES:

Note 1: Field hardness equipment is subject to greater variability than lab
equipment. In addition,factors including wind and difficult access conditions
can contribute to such variability.
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NUMBER
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Average Surface Hardness Readings
from 2010 MTR's: 35 HRC

Average R/2 Hardness Readings
from 2010 QC Reports: 33.9 HRC

MEASUREMENT LOGISTICS:

1) Recorded ambient temperature (Deg. F): 68 °F

2) Equipment Utilized: Krautkramer MIC 10 Hardness Tester
3) Measurements Standard: Rockwell C standard




ABDEGHJK
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19011999 9 O -0 — 2l0o 0000000
! ! g i | | 3|0 O \<SectionA(Typ.)O )
2 —-p— 11—+ -1 JHF-F - - 4\0o(o o 0
) L ) See Shear Key -
T T e 7]0 0 ° 0o
~ e
N N — — = — = —|— = ] A A this sheet O O O O
34— O 1 T OO S D6 6600006
4 4 b— b o - — 1000 © © 0O 0 O 0 O
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— - o ROD LAYOUT
2 SN gy i e SNy ety s B _ .
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7 —¢— P+ F- T4 F t+—F— 1 -P-— 4 141 141 Y4
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8 OO B b S 2721272
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SECTION A (TYP.)

GENERAL PROCEDURE:

1) Galvanizing was ground off the top surface of the rods using a grinder.

2) Suitable sand paper was lightly applied after grinding to achieve a
surface profile of 15 ym or less per ASTM A1038.

) A profile meter was utilized to ensure surface roughness is acceptable.

) The surface was free from oil, grease, dust, rust, and surface coatings.

) Measurements were taken as shown on Section A above.

) After measuring the hardness on each rod, the equipment readings
were verified against a certified hardness reference block by taking 2
additional measurements.

3
4
5
6

GENERAL NOTES:

Note 1: Field hardness equipment is subject to greater variability than lab equipment. In
addition,factors including wind and difficult access conditions can contribute to
such variability.

Revision No: | By: Date:

SELF-ANCHORED SUSPENSION BRIDGE

E2 Shear Key Top Anchor Rods
Hardness Readings

Drawn By: | MH
Date: 5/21/2013

SHEET
NUMBER

3-1-S2a-TOP

HARDNESS TEST RESULTS

1] 369 | 1] 37.8 |1] 350 [1] 353 | 1] 371 [1] 365 [1] 354 |1 346
2] 364 |2] 319 |2 315 [|2] 322 [|2] 355 |2] 344 |2] 359 |2 343
3] 356 |3 325 |3 264 |3] 312 [3] 350 |3[ 316 |3| 346 [3] 31.0
1 4] 346 |4 268 |4 317 |4| 306 |4] 355 |4 311 |4 301 [4] 333
5[ 343 |5 330 |5[ 301 |5| 341 |5] 306 |5[ 337 |5| 349 |5]| 36.3
6| 367 |6 31.3 |6| 338 |6| 299 |6] 347 |6] 362 |6| 363 |6| 36.0
71384 |71 303 |71 338 |71 362 |7 378 |7 342 |7 312 |7 362
11 355 |1] 36.3 |1 11 338 |1 11 355 |1] 31.3 |1
2| 328 |2] 370 |2 2| 345 |2 2] 328 |2] 323 |2
3] 325 |3 308 |3 3] 316 |3 3] 315 |3] 300 |3
9 |[41322 [al 316 |4 41 342 |4 4] 291 |4 253 [4
5[ 272 |5] 349 |5 5] 324 |5 5] 304 |5[ 315 |5
6| 330 |6] 341 |6 6| 328 |6 6| 329 |6] 297 |6
71 341 |71 362 |7 71 375 |7 71 324 |7 325 |7
11 357 | 1] 365 11 342 | 1] 321
2| 306 |2 356 _ 2] 349 |2] 262
3| 341 3] 339 Location: Shear Key S2 3] 339 [3] 300
3 41 332 |4 295 41 377 |4 312
21522 122281 Average Field Hardness: 33.1 2 338 13 50
z gi% z 31, -Average Reading "1": 35.1 HRC z gg—; z g;g
21 327 |2 - ing "2" 2| 346 |2] 295
AR b Average Read!ng 2" 33.9 HRC ALY R
4 4] 321 14 -Average Reading "3": 32.1 HRC 4] 314 4] 256
5] 340 |5 B 5] 351 |5] 358
6 292 |6 -Average Reading "4": 31.3 HRC 6| 356 |6]| 349
71 320 e 35.1 37.0
z 303 -Average Reading "5": 32.1 HRC z 367 z 370
2 2] 355 L wa 2] 339 |2 338
38.1 ; ing "7" 4] 276 4] 27.9
z 2313 Average Reading "7": 34.4 HRC A A E Ry
g 61 213 | Average Surface Hardness Readings 5233 {61 3.7
T 345 [ 1] 344 from 2010 MTR's: 35 HRC 11 366 | 1] 36.1
% 22;2 % 22;2 Average R/2 Hardness Readings % 22;; % %%‘_91’
8 [ 328 Ja1 202 | from 2010 QC Reports: 3.9 HRC ~ [4] 327 [a] 308
5| 326 |5 32.8 5] 341 |5] 28.0
6] 347 |6] 347 6| 340 |6]| 286
71 340 |71 350 _ 71 359 |71 330
11 323 [1] 362 |1 11 363 |11 357 [ 11 31.9 |1 11 34.7
2] 305 |2] 351 |2 2] 301 |2] 339 [2] 300 |2 2| 316
3] 338 |3 31.0 |3 3] 304 |3] 285 |3 297 |3 3] 304
9 4] 311 |4] 355 [4 4] 351 |4 202 |4[ 243 |4 4] 233
5[ 357 |5] 336 |5 5] 312 |5] 31.0 |5] 289 |5 5| 22.1
6| 328 |6] 335 |6 6] 341 |6| 351 |6] 291 |6 6] 30.3
7] 342 |7 346 |71 7] 356 |7 376 |7 294 |7 7| 301
11359 [1] 332 [1] 359 [|1] 359 |11 371 |1 36.7 |1 T 372
2] 3.0 |2] 3.3 |2 362 |2 366 |2| 351 |2 374 |2 2] 35.1
3] 322 |3 326 |3] 336 |3| 342 |3 328 |3] 323 |3 3] 30.0
1 O 4] 308 |4 338 |4 299 |4] 331 | 4] 317 | 4] 328 |4 4] 339
5| 325 |5| 357 |5 342 |5] 324 |5| 314 |5] 393 |5 5] 28.9
6| 351 |6| 338 |6| 364 |6| 362 |6| 341 |6] 326 |6 6| 322
71323 |71 368 |71 353 |71 361 |7 360 |7 338 |7 71 311

MEASUREMENT LOGISTICS:

1) Recorded ambient temperature (Deg. F): 68 F
2) Equipment Utilized: Krautkramer MIC 10 Hardness Tester
3) Measurements Standard: Rockwell C standard




A B CDEFGH I J K CDEGHI
HARDNESS TEST RESULTS
T~ 3/0 000 0O
T R 4o oo o CIDIE[G[H]
~__Section A (Typ. _ - h
! | o o6 ! ! 5|0 O O O O(O poecien A he) 1] 345 1] 364 1] 354 1] 364 [1] 359 [1] 36.2
2 —-p— Pt - T T T 6lo 0 0 0 o 6/ % 33.8 % 35.0 % 34.2 % 34.3 % 34.9 % 35.0
| Seeshearrey Lenter 32.9 34.0 33.3 32.9 34.1 33.7
. [ Redlevoutonisshed 3 41 314 |4] 326 |4 314 4] 310 |4] 324 [4] 32.7
N I O R I By B 7|0 O O O 5[ 323 |5[ 333 |5] 327 |5| 335 |5[ 338 |5] 33.9
3 —— T 1 - D—- -0 -G -7 — 6 349 |6| 342 |6] 348 |6| 342 |6| 345 |6]| 345
80O OO O OO0 71 358 |71 350 |7 363 |7 359 |7] 366 |7] 352 |
4 —-b— -G+ -4— O—- & - —; b—-pr-— 1] 35.1 1] 369 | 1] 358 1] 36.1
! ! v?iR: o :; S ! ! SHEAR KEY CENTER ROD LAYOUT % ggg % ggg % ggi % ggi
5 —1—-11 - ﬁl_/_ 1—¢ —_C.J‘ _%9] T 1. % " 1 1u 4 g 31.7 g 33.2 g 326 g 315
e - I N p - S 1 A 33.5 34.5 33.7 32.6
6 —- - 7 [CP_— D= D= __—_”d_g & _@ T - -— Hardnessreadingsg [1 il 1"41 . YA’ 6| 344 6| 354 |6| 345 6| 338
| | | | | | | | | | 1/4" & 1/2" increments é 'é é é [l 354 - /| 365 [ 357 /1 356 |
7 —b— b+ 19 -1T—D—1 P -—P] P—-Ppr-— 1] 3562 1] 371 1] 361 1] 36.0 [1] 361 1] 36.7
[ A i A R ] % 33.9 % 36.3 % 34.6 % 34.8 % 34.7 % 35.1
| _ AT AT AT TN T PN R 32.4 354 32.9 34.1 334 34.0
8 - L e B o ] ] d ™ 5 41 316 |4| 348 |4 306 |4 327 |4 326 |4 3238
~ g 5[ 324 |5| 354 |5]| 327 |5 338 |5| 337 |5] 337
' ' 6] 335 |6| 364 |6| 334 |6] 347 |6] 348 |6 35.0
9 — It |1 SN S 00 O O O 0O 71 351 |71 371 |71 352 |71 358 |71 362 |7 36.1
| | T T | | 12 3 4 5 67 1] 36.0 11 355 1] 36.0 1] 35.8 11 359 1] 35.1
2| 346 2| 347 2| 349 2| 347 2| 345 2| 345
5 | | 31 336 |3] 332 |3] 331 |3 333 |3] 333 |3[ 33.1
10— T o1 YT 6 41309 |4 319 [4] 311 [4] 326 |4 31.7 4] 31.0
. 5[ 319 |5[ 324 |5[ 327 |5| 332 |5[ 322 |5] 327
3 6| 327 6| 34.6 6| 337 6| 347 6| 33.8 6| 33.8
SHEAR KEY HOUSING PLAN VIEW SECTION A (TYP.) rises 171 s5a 17l o5 V77 o0 71 351 177 563
NTS 2| 347 21 358 |2 348 21 346
Location: Shear Key S2 7 2 gﬁg 2 gg; 2 gﬁg 2 g?Z
GENERAL PROCEDURE: Field A Hard .34 2 HRC 5| 33.3 5| 333 |5] 32.7 5| 32.7
a _ _ ield Average Hardness: 34.
1) Galvanizing was ground off the top surface of the rods using a grinder. o g gg-g g gg-g g gg-g g gg-;
2) Suitable sand paper was lightly applied after grinding to achieve a - Average Read!ng 1": 35.9 HRC T BBy S B R B I T e B Ty R e
surface profile of 15 ym or less per ASTM A1038. - Average Reading "2": 34.7 HRC 2] 346 |2] 345 |2 352 |2| 346 |2 348 |2 342
3) A profile meter was utilized to ensure surface roughness is acceptable. - Average Reading "3": 33.5 HRC 8 2 353 2 58 2 28 2 280 2 358 2 356
4) The surface was free from oil, grease, dust, rust, and surface coatings. - Average Reading "4": 32.0 HRC 5| 337 |5]| 338 |5| 332 |5| 328 |5] 335 |5]| 332
5) Measurements were taken as shown on Section A above. - Average Reading "5": 33.2 HRC g gg.g g %‘é.? g gg.z g 22.471 g gg? g gg.g
6) After measuring the hardness on each rod, the equipment readings - Average Reading "6": 34.4 HRC . : : : : '
were verified against a certified hardness reference block by taking 2 - Average Reading "7": 35.8 HRC

additional measurements.

GENERAL NOTES:

Note 1: Field hardness equipment is subject to greater variability than lab
equipment. In addition,factors including wind and difficult access conditions
can contribute to such variability.

Average Surface Hardness Readings
from 2010 MTR's: 35 HRC

Average R/2 Hardness Readings
from 2010 QC Reports: 33.9 HRC
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Hardness Readings
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MEASUREMENT LOGISTICS:
1) Recorded ambient temperature (Deg. F): 68 °F

Drawn By: | MH
Date: 6/11/2013

SHEET

2) Equipment Utilized: Krautkramer MIC 10 Hardness Tester
3) Measurements Standard: Rockwell C standard




HARDNESS TEST RESULTS
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72 S SNz S R S S Y
R e T
| | [ R R A R R | | =" =" dn _ln
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SECTION A (TYP.)

GENERAL PROCEDURE:

1) Galvanizing was ground off the top surface of the rods using a grinder.

2) Suitable sand paper was lightly applied after grinding to achieve a
surface profile of 15 ym or less per ASTM A1038.

3) A profile meter was utilized to ensure surface roughness is acceptable.

4) The surface was free from oil, grease, dust, rust, and surface coatings.

5) Measurements were taken as shown on Section A above.

6) After measuring the hardness on each rod, the equipment readings
were verified against a certified hardness reference block by taking 2
additional measurements.

GENERAL NOTES:

Note 1: Field hardness equipment is subject to greater variability than lab equipment. In
addition,factors including wind and difficult access conditions can contribute to
such variability.

Revision No: | By: Date: SELF-ANCHORED SUSPENSION BRIDGE

E2 Shear Key Top Anchor Rods
Hardness Readings

Drawn By: | MH SHEET

Date: 5/21/2013 NUMBER 3_|_S3a_TOP

1] 341 |1] 375 |1 1 1] 316 |11 374 | 1] 36.8 [1] 359
2] 332 |2 325 |2 2 2 342 [2] 348 |2 362 [2] 329
3] 308 |3 346 |3 3 3] 31.7 |3] 308 |3] 339 [3] 304
1 4] 337 |4 270 |4 4 4] 237 4] 272 |4 305 [|4] 289
5[ 312 |5] 261 |5 5 5[ 329 |5] 320 |5] 327 |5] 308
6] 3.8 |6] 339 |6 6 6| 281 |6] 349 |6] 33.8 |6] 34.3
71330 |71 325 |7 7 7 336 |7 358 |7 308 |7 327
1 T] 331 | 1] 349 | 1] 300 |11 371 | 1] 308 [|1] 364 |1 37.2 |
2 21 286 |2 360 [|2] 340 [|2] 328 |2] 260 |2] 362 |2 34.7
3 3] 299 [|3] 319 |3] 3214 3] 292 |3] 270 [3] 360 |3] 322
2 4 4] 240 |4 324 |4 352 |4] 27.0 |4 342 [4] 337 |4 33.2
5 5| 296 |5] 299 |5] 312 [5] 308 |5 344 [|5] 333 |5] 33.6
6 6| 349 |6 311 |6] 341 |6] 382 |6 334 |6] 376 |6] 35.9
7 71 321 |71 360 |7 318 |7 380 |7 318 z 36.5 q 33 1
T 342 | 1] 31.2 35.6
2130 12 322 1 Location: Shear Key S3 Z 21353
3 g §8;§ g’ 33-_2 Average Field Hardness: 32.9 HRC g g’ §§;§
6] 345 |6] 318 g 6 6| 32.1
7 377 17 327 -Average Reading "1": 34.1 HRC 7 71347
; g;g ; gg-g -Average Reading "2": 33.7 HRC ; g;-g ; g]g
4 2 gﬁg 2 588 -Average Reading "3": 31.9 HRC 2 gﬁ-g 2 %g?
g 34.3 g 30.7 -Average Reading "4": 31.5 HRC g 36.2 g 31.0
34.6 33.5 N 32.9 33.7
71 335 |71 333 -Average Reading "5": 32.1 HRC 71 320 |71 313
b ars 1 338 -Average Reading "6": 33.1 HRC |31 oa4 1329
7 31322 19 339 -Average Reading "7": 33.8 HRC  [24-368 12 337
5| 287 |5 344 Average Surface Hardness Readings | 2| 372 |5 | 32.2
6 26.2 6 34.8 from 2010 MTR'S: 35 HRC 6 38.7 6 30.4
71 329 |71 347 71 351 |71 321
o 34— Average R/2 Hardness Readings 300 3
8 3] 259 |37 337 from 2010 QC Reports: 33.9 HRC 3] 323 [3] 33.0
4] 247 4] 31.0 4| 344 |4 32.7
5] 292 |5 34.1 5| 348 |5]| 314
6| 242 |6] 327 6| 311 |6] 303
71 328 |71 345 71 329 |71 339
. 1 1 1] 351 [ 1] 324 [1] 304 [1] 352 [1] 315
2 2 2 2 363 |2] 306 [2] 342 |2] 342 |2 304
9 3 3 3 3] 341 [3] 316 2 33.6 2 31.8 2 30.9
4 4 4 4] 340 [4] 298 35.1 29.0 31.5
5 5 5 5| 306 |5 305 |5] 343 |5 33.0 |5] 30.0
6 6 6 6| 338 |6 283 |6] 289 |6 307 |6] 324
7 7 7 71 349 |71 317 |71 310 |71 347 |7 328 |
1] 347 | 1] 347 |1] 333 [ 1] 384 [|1] 31.7 [1] 33.3 [1 1] 34.9
21 367 |2 299 [2] 352 |2] 376 2] 296 |2] 353 |2 2] 32.0
3] 335 |3 314 |3] 355 |3] 326 |3 332 [|3] 294 |3 3] 289
1 O 4] 375 |4 335 |4 383 |4 324 |4 306 |4] 346 |4 4| 374
5] 357 |5] 332 |5] 323 |5] 321 |5| 27.8 |5] 342 |5 5| 365
6| 316 |6] 335 |6| 391 |6] 336 |6]| 315 |6] 346 |6 6] 356
71 349 |71 324 |71 35 |7 333 17| 350 |71 353 |7 71 368

MEASUREMENT LOGISTICS:

1) Recorded ambient temperature (Deg. F): 68 F
2) Equipment Utilized: Krautkramer MIC 10 Hardness Tester
3) Measurements Standard: Rockwell C standard




A B CDEFGH I J K CDEGHI
HARDNESS TEST RESULTS
T~ 3|/0 000 0O
T TR N 4o oo o CIDJE[G[H]]
™ Section A (Typ.) _ I — -
o PP H P o 5|0 00 0 oflolf o T] 369 [ 1] 352 [ 1] 3.5 |11 363 | 1] 359 [1] 360
2 —-b—-F+—-—F-+F—- -—f- S R 6lo 000 0 6/ 2| 354 |2 337 |2] 336 |2 344 |2 345 |2 351
| Seesnear Rey Lenter 3| 3238 3| 326 3] 321 3] 33.0 3] 335 3| 341
. [ Redtavoutoniisshed 3 41 316 |4] 306 |4 315 4] 310 |4] 31.7 |4 33.2
h— A R A — A — 710 O O O 5| 326 5| 33.2 5| 327 5] 331 5| 327 5| 33.8
33— 71 0-0=-0—-O O Q-7 — 6| 346 |6| 347 |6] 334 |6| 345 |6]| 332 |6| 344
8O OO O OO 71 363 |7 361 |7 350 |7 353 |7 359 |7]| 354
4 —-b— -G+ -4— O—- & - —; b—-pr-— 1] 359 1] 365 | 1] 366 1] 35.7
! ' ’_fi_\:j:j:::;:t: ' ! ! SHEAR KEY CENTER ROD LAYOUT % 24219 % ggg % gg; % ggg
5 —-r—-t+1 - ﬁl_/_ ¢ _%9] T T 1. % 1. 1. 4 g 31.7 g 31.0 g 30.8 41 314
s - I p — S A A 32.2 32.2 31.9 5| 323
6 —- - 7 [CP_— D= D= __—_”d_g & _@ T - -— Hardnessreadingsg [1 il 1"41 . YA’ 6| 34.8 6| 34.2 6| 333 6| 347
| | I D R TR B | | | 1/4" & 1/2" increments é 'é é é 7| 36.7 - Ll 361 /| 366 1 357 |
7T — - F— P 1@ - T - C)_—__@ —-P+-— 1] 364 1] 353 1] 36.2 1] 355 1] 36.8 1] 35.8
T T T T T ] P % 34.3 % 34.2 % 34.2 % 34.6 2| 36.1 2] 351
| _ | ARTAT AT T TR TS AN AL | 33.3 33.2 32.1 33.3 3| 345 3| 34.0
8 P R e ] ™ 5 41 329 |41 328 |4] 310 |4] 309 |4] 324 [4] 330
~ — 51336 |5 338 |5[ 327 |b5] 334 |5 336 |5| 338
6| 345 6| 34.9 6| 337 6| 347 6| 357 6| 355
9 — It |1 SN S 00 O O O 0O 71 358 171360 |7 350 |7 366 |7 368 |7 364
| | T T | | 12 3 4 5 67 1] 36.1 1] 356 1] 359 1] 37.3 1] 36.1 11 351
2| 348 2| 350 2| 353 2| 350 2| 354 2| 338
8 | | 31 339 3] 329 |3] 332 |3[ 337 |3] 339 |3 317
10— G195 YT T 6 41 326 |4 316 |4 321 |4] 333 |4 323 |4 31.1
" 5| 339 5| 33.9 5| 33.0 5| 34.6 5| 333 5| 33.0
3 6| 351 6| 34.0 6| 34.8 6| 352 6| 34.6 6| 353
71 36.3 7 | 36.6 71 36.0 71 36.2 71 36.3 7| 36.2 |
S’L—l_ll_EéAR KEY HOUSING PLAN VIEW SECTION A (TYP.) TT 363 TT 360 TT 370 TT 354
2| 354 2| 352 2| 36.6 2| 347
Location: Shear Key S3 7 2 gg-g 2 g?-g 2 ggg 2 g%
GENERAL PROCEDURE: Field Average Hardness: 34.3 HRC 5] 343 5 335 [5] 345 5[ 337
1) Galvanizing was ground off the top surface of the rods using a grinder. o g ggg g gg-é g gg-; 9 gg-g
2) Suitable sand paper was lightly applied after grinding to achieve a - Average Read!ng 1":36.0 HRC T 65 17T 350 1T 360 17 50 17T 57 11T 552
surface profile of 15 ym or less per ASTM A1038. - Average Reading "2": 34.8 HRC 2 347 |2] 348 |2 353 |2] 340 |2 348 |2 348
3) A profile meter was utilized to ensure surface roughness is acceptable. - Average Reading "3": 33.4 HRC 8 2 g?-g 2 gfg 2 %jf-‘: 2 3:;’3513 2 g?-g 2 gg-g
4) The surface was free from oil, grease, dust, rust, and surface coatings. - Average Reading "4": 32.0 HRC 5| 321 |5] 331 |5] 350 |5] 342 |5] 33.3 |5 32.9
5) Measurements were taken as shown on Section A above. - Average Reading "5": 33.3 HRC g gi'g g gg-g g gg-g g gg.g g gg.g 6 gg.g
6) After measuring the hardness on each rod, the equipment readings - Average Reading "6": 34.6 HRC . . ' - ' L —
were verified against a certified hardness reference block by taking 2 - Average Reading "7": 36.1 HRC

additional measurements.

GENERAL NOTES:

Note 1: Field hardness equipment is subject to greater variability than lab
equipment. In addition,factors including wind and difficult access conditions
can contribute to such variability.

Average Surface Hardness Readings
from 2010 MTR's: 35 HRC

Average R/2 Hardness Readings
from 2010 QC Reports: 33.9 HRC

Revision No: | By: Date:

SELF-ANCHORED SUSPENSION BRIDGE

Hardness Readings

E2 Shear Key Top Center Anchor Rods

MEASUREMENT LOGISTICS:
1) Recorded ambient temperature (Deg. F): 68 °F

Drawn By: | MH
Date: 6/11/2013

SHEET

NUMBEeR | 3-1-S3b-TOP

2) Equipment Utilized: Krautkramer MIC 10 Hardness Tester
3) Measurements Standard: Rockwell C standard
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1) Galvanizing was ground off the top surface of the rods using a grinder.
2) Suitable sand paper was lightly applied after grinding to achieve a

surface profile of 15 ym or less per ASTM A1038.

3) A profile meter was utilized to ensure surface roughness is acceptable.
4) The surface was free from oil, grease, dust, rust, and surface coatings.
5) Measurements were taken as shown on Section A above.

6) After measuring the hardness on each rod, the equipment readings

GENERAL NOTES:

were verified against a certified hardness reference block by taking 2
additional measurements.
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SECTION A (TYP.)

Note 1: Field hardness equipment is subject to greater variability than lab equipment. In
addition,factors including wind and difficult access conditions can contribute to
such variability.
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SHEET
NUMBER

3-1-S4a-TOP

HARDNESS TEST RESULTS

1] 340 |1 1] 33.7 | 1] 333 [1] 334 [|1] 325 [|1] 328 [1] 38.2
21 340 |2 21 324 |2 349 [2] 329 [2] 309 [2] 336 [2] 325
3] 316 |3 3] 308 |3] 343 |3] 327 [3] 304 [3] 285 [3] 297
1 4] 290 |4 4] 305 |4 294 |4 280 [4] 257 |4 268 [4] 267
5] 286 |5 5] 302 |5] 302 [|5] 287 [5] 265 [5| 270 [5] 29.3
6| 31.7 |6 6| 337 |6 322 |6] 316 [6] 307 [6] 293 [6] 30.0
71 320 |7 71 344 |71 329 171329 |7 388 |7 338 |7 367
1] 33.0 [1] 339 [1 1] 348 [ 1] 343 [1] 319 [1] 312 [1] 31.3
21 337 |21 327 [2 2|1 328 |2] 339 [2] 330 [|2] 324 [2] 329
3] 335 |3] 307 |3 3] 303 |3] 300 |3 332 [3] 32.0 [3] 304
2 4] 313 |4 301 |4 4] 289 |4 305 |4 292 [4] 303 [4] 304
51 316 |5] 269 |5 51306 |5 31.7 |5 30.0 [5] 317 [5] 30.7
6] 33.0 |6 303 |6 6] 336 |6 31.7 |6 319 |6] 322 [|6] 345
71 320 |71 336 17 71 340 171 331 171336 171337 |71 303
1] 319 [1] 33.9 T 34.1 |1
% 35.0 % 33.4 % 32.0 %
33.1 33.5 P 31.4
3 1T AT 508 Location: Shear Key S4 AR
5] 31.0 |5] 386 : ) 5] 31.0 |5
81318 81 354 Average Field Hardness: 32.1 HRC 81334 18
[ 353 17| 336 -Average Reading "1": 33.6 HRC [ 322 17
1] 345 |1 L 1] 33.7 | 1] 30.2
2 312 |2 -Average Reading "2": 33.1 HRC 2 321 |2] 335
3] 287 |3 - 3] 33.0 | 3] 311
4 2T 282 4 -Average Reading "3": 31.5HRC |41 319 [4] 306
21338 19 -Average Reading "4": 29.4 HRC  3+333—2+339
/| 36.1 7 _ ; TR [ 327 71 339
—r 1 Average Read!ng 5" 308 HRC H—5+—T1r—=53
2| 342 |2 -Average Reading "6": 32.5 HRC 2| 326 2| 320
3] 340 |3 . 3] 304 | 3] 31.1
7 41 296 |4 -Average Reading "7": 33.6 HRC 41 301 |4 276
5] 296 |5 . 5] 289 |5] 29.9
g 52613 g Average Surface Hardness Readings g %411 g 291);
: — from 2010 MTR's: 35 HRC —e—15=
2 21 323 : 21 329 |21 315
5 555 %Average R/2 Hardness_Readlngs 30T 15T 502
8 4 4] 26.6 rom 2010 QC Reports. 33.9 HRC 4] 298 4] 283
5 5| 29.7 5] 300 |5] 32.2
6 6| 30.2 6] 321 |6 32.9
7 7 | 37.1 71 33.0 |7 331
T 350 |11 346 |11 33.7 111 3356 111 343 111 342 |1 331 |1
21 334 |21 340 2] 312 [2] 330 |2] 358 |2] 335 |2 320 |2
31 31.7 |31 327 3] 310 |3] 304 |3] 305 |3] 326 |3 320 |3
9 4] 316 |4 300 |4 306 |4 302 [4] 287 [4] 306 |4] 278 |4
51 320 |5 299 |5 320 [5] 318 |5| 304 |5] 300 |5] 315 |5
6] 329 |6 337 16| 329 |6] 329 |6] 340 |6] 319 |6 328 |6
71 336 171333 |7 326 |7 332 |7 340 |71 326 |7 337 17
1] 33.3 | 1] 336 |11 344 [1] 333 [|1] 346 [|1] 331 [1 1] 32.8
2] 326 |2 338 2] 34.0 |2] 316 |2] 337 |2 331 |2 2| 35.0
3] 302 |31 315 3] 318 |3] 309 |3 316 |3 325 |3 3] 327
1 O 41 260 |4 313 |4 296 |4 278 [4] 31.0 |4] 298 |4 4 30.0
51 299 |5 321 [|5] 328 |5] 303 |5] 310 |5 328 |5 5| 335
6| 324 |6 334 |6] 356 |6] 326 |6] 333 |6 336 |6 6| 33.9
71 345 |71 331 17 344 |71 326 |71 342 |71 330 17 7 31.9

MEASUREMENT LOGISTICS:

1) Recorded ambient temperature (Deg. F): 68 F
2) Equipment Utilized: Krautkramer MIC 10 Hardness Tester
3) Measurements Standard: Rockwell C standard




A B CDEFGH I J K CDEGHI
HARDNESS TEST RESULTS
T~ 3|/0 000 0O
T T N 4o oo CID[E[G[H] I
~__Section A (Typ. ol d _ _
o PP H P o 5/0 0 00 ofo enftw T] 365 [ 1] 361 |11 367 |11 364 | 1] 365 [1] 360
2 —-p— Pt - T T T 5 ] 2 341 |21 339 2] 33 |2] 350 |2 357 |21 347
| Seeshear Fey lenter o O O O O O 3| 327 3| 334 3| 338 3| 325 3| 331 3] 332
. [ Redtavoutoniisshed 3 41 315 |4 324 |4 316 4] 314 4] 327 |4 309
O N A O N 70 O O O 51335 |5] 338 |5[ 33.0 |5| 337 |5[ 33.0 |5] 332
3 — 0T 1 OO O OO -7 — 6| 347 |6| 341 |6| 343 |6| 348 |6 352 |6| 354
80O O O O O O 71 353 71 36.6 7| 358 71 354 7| 36.6 71 36.6
4 —-b— . '@_—_ — - - __@ b—-b—-— 1] 35.6 1] 36.5 1] 36.7 1] 36.6
! ! ’_fi_\: o :; S ! ! SHEAR KEY CENTER ROD LAYOUT % ggg % ggg % ggg % ggg
S — 171 - - ﬁl_/_ =% —_C.i _%9] T 17 1n % " 1. 1. 4 g 32.6 g 33.0 g 30.9 g 31.1
e - I N p - - 1 A 33.6 341 33.0 33.3
6 —- - 7 [CP_—_O_ P— __—_”d_é ¢ _q@ T - -— Harg i 4 [1 1,11 41 YA’ 6| 345 6| 355 |6] 347 6] 345
araness readings @ A, T, T, In
I I I I I I I I I I 1/4" & 1/2" increments 2 2 2 2 [ 35_ [ 3§-6 [ 35_ L 36.6_
7 —b— b+ 19 -1T—D—1 P -—P] P—-Ppr-— 1] 3565 1] 366 1] 359 [J1] 355 [1] 362 [J1] 365
T T T T T p—— % 33.7 % 35.9 % 34.5 % 34.0 % 35.1 % 34.8
| _ AT AT AT TN T PN R 33.1 33.7 32.5 32.4 33.9 33.7
8 P LR B ] ] d ™ 5 41309 [4] 312 |4[ 324 [4] 306 |4 31.9 [4] 331
- g 5| 317 5| 322 5| 32.0 5| 32.0 5| 325 5| 344
: : 6| 338 6| 336 6| 34.9 6| 332 6| 34.9 6| 35.6
9 — It |1 SN S 00 O O O 00 71 347 171366 |7 369 |7 355 |7 362 |7 367
| | T T | | Ttz 3 4 5 67 1] 359 1] 36.0 1] 36.1 1] 36.5 1] 357 1] 36.6
2| 344 2| 354 2| 357 2| 358 2| 345 2| 34.0
10— b L N A 3] 340 |3] 344 |3] 332 |3[ 343 |3| 331 |3 336
@ P P T 6 41 324 |4 329 [4] 320 |4] 326 [4] 316 |4] 325
" 5| 337 5| 333 5| 345 5| 335 5| 335 5| 339
3 6| 344 6| 33.8 6| 35.8 6| 34.1 6| 347 6| 34.8
71 353 71 357 71 36.9 7| 356 71 36.9 7| 36.2 |
SHEAR KEY HOUSING PLAN VIEW SECTION A (TYP.) TT 359 TT 360 TT 366 TT 367
NTS 2| 346 21 351 | 2] 36.1 2| 355
Location: Shear Key S4 7 2 ggg 2 g?g 2 gi.g 2 gg.g
GENERAL PROCEDURE: Field A Hardness: 34.4 HRC 5| 337 5] 323 |5 356 5| 335
A _ _ ield Average Hardness: 34.
1) Galvanizing was ground off the top surface of the rods using a grinder. o g gg-g g %%-91’ g g?-g 9 gg-g
2) Suitable sand paper was lightly applied after grinding to achieve a - Average Read!ng 1":36.2 HRC TS5 17T 368 1T 368 17 56 17T 35 11T 555
surface profile of 15 um or less per ASTM A1038. - Average Reading "2": 34.8 HRC 2| 350 | 2] 353 |2 350 |2 348 [|2] 341 |2 34.0
3) A profile meter was utilized to ensure surface roughness is acceptable. - Average Reading "3": 33.5 HRC 8 2 gg-i 2 gg-g 2 gg-g 2 gg-g 2 gg-‘; 2 g?g
4) The surface was free from oil, grease, dust, rust, and surface coatings. - Average Reading "4": 32.0 HRC 5] 339 |5] 342 |5] 349 |5] 348 |5] 326 |5 32.9
5) Measurements were taken as shown on Section A above. - Average Reading "5": 33.4 HRC g ggg g gg.g g ggg g ggg g gg.g g gg;
6) After measuring the hardness on each rod, the equipment readings - Average Reading "6": 34.7 HRC . . : = : :
were verified against a certified hardness reference block by taking 2 - Average Reading "7": 36.1 HRC

additional measurements.

GENERAL NOTES:

Note 1: Field hardness equipment is subject to greater variability than lab
equipment. In addition,factors including wind and difficult access conditions
can contribute to such variability.

Average Surface Hardness Readings
from 2010 MTR's: 35 HRC

Average R/2 Hardness Readings
from 2010 QC Reports: 33.9 HRC

Revision No: | By: Date:

SELF-ANCHORED SUSPENSION BRIDGE

Hardness Readings

E2 Shear Key Top Center Anchor Rods

MEASUREMENT LOGISTICS:
1) Recorded ambient temperature (Deg. F): 68 °F

Drawn By: | MH
Date: 6/11/2013

SHEET

2) Equipment Utilized: Krautkramer MIC 10 Hardness Tester
3) Measurements Standard: Rockwell C standard
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BEARING TOP ANCHOR ROD LAYOUT

GENERAL PROCEDURE:

1) Galvanizing was ground off the top surface of the rods using a grinder.

2) Suitable sand paper was lightly applied after grinding to achieve a
surface profile of 15 ym or less per ASTM A1038.

3) A profile meter was utilized to ensure surface roughness is acceptable.

4) The surface was free from oil, grease, dust, rust, and surface coatings.

5) Measurements were taken as shown on Section A above.

6) After measuring the hardness on each rod, the equipment readings
were verified against a certified hardness reference block by taking 2
additional measurements.

GENERAL NOTES:

Note 1: Field hardness equipment is subject to greater variability than lab equipment. In
addition,factors including wind and difficult access conditions can contribute to
such variability.

1 370 |1 371 |1 362 |1 371 |1 364 |1 366 |1 363 |1 364
2 353 |2 356 |2 351 |2 353 |2 357 |2 359 [2 351 |2 334
1 3 330 [3 324 |3 345 [3 329 |3 334 [3 313 [3 314 |3 317
4 351 |4 340 |4 357 |4 362 |4 347 |4 327 |4 347 |4 345
5 361 |5 370 |5 386 |5 371 |5 371 |5 345 |5 347 |5 355
1 39 [1 363 |1 363 |1 363 |1 381 [1 373 [1 347 [1 345
2 345 |2 329 |2 347 |2 350 |2 369 |2 348 |2 337 |2 340
2 3 319 [3 320 [3 320 [3 320 |3 332 [3 336 |3 320 |3 333
4 339 |4 344 |4 343 |4 343 |4 359 |4 366 |4 355 |4 357
5 355 |5 361 |5 351 |5 356 |5 377 |5 375 |5 380 |5 380
1 354 |1 37.0 1 380 |1 37.3
2 332 |2 343 o : 2 371 |2 338
3 3 319 |3 317 Location: Bearing B1 3 360 |3 330
4 345 |4 338 : : 4 372 |4 341
5355 |5 355 Average Field Hardness: 35.2 HRC 2—¢5—2—333%
1 35.7 1 36.2 : nqn. 1 36.8 1 35.2
> 343 2 346 -Average Reading "1": 36.5 HRC > 346 2 338
4 3 325 |3 323 -Average Reading "2": 34.8 HRC 3 327 |3 329
4 348 |4 35.1 _ 4 339 |4 348
5 379 |5 368 -Average Reading "3": 32.9 HRC 5 354 |5 375
1368 |1 371 o waw 1374 |1 361
2 340 |2 352 -Average Reading "4": 35.0 HRC 2 360 |2 332
5 Z’ S;l Z’ 22;? -Average Reading "5": 36.6 HRC Z’ gg;g Z’ 22;8
5 365 |5 368 . 5 371 |5 380
1 _36.7 |1 36.7 Average Hardness Readings from 1350 11 371
2 341 |2 340 : 2 331 |2 348
6 3 334 [3 315 2009 QC Report: 35.0 HRC 3 330 [3 318
4 341 |4 350 4 360 [4 343
5 363 |5 365 5 377 |5 350
1 373 |1 37.0 1 366 |1 36.6
2 361 |2 348 2 359 |2 349
7 3 340 [3 333 3 321 [3 310
4 354 |4 350 4 335 |4 334
b 373 |h 364 5 371 |5 346
1 350 |1 364 1 363 |1 372 |
2 341 |2 339 2 336 |2 340
8 3 332 |3 324 3 329 [3 337
4 354 |4 345 4 352 |4 345
5 363 |5 359 _ _ _ _ 5 363 |5 367
1 365 |1 368 |1 376 |1 367 |1 370 [1 371 |1 365 [1 36.9
2 359 |2 350 |2 360 |2 33 |2 350 |2 353 [2 358 |2 355
9 3 344 |3 337 |3 358 [3 320 [3 339 [3 339 [3 322 |3 338
4 363 |4 355 |4 368 |4 345 |4 356 |4 359 |4 346 |4 356
5 371 |5 365 |b 377 |5 358 |5 375 |5 364 |5 377 |5 370
1 37.2 37.7 35.1 35.3 36.5 362 |1 372 36.1
2 345 |2 368 |2 324 |2 335 |2 346 |2 357 |2 353 |2 351
1 O 3 312 [3 331 |3 315 [3 319 |3 338 |3 343 |3 338 |3 326
4 353 |4 345 |4 342 |4 348 |4 368 |4 359 |4 352 |4 332
5 369 |5 369 |5 370 |5 354 |5 377 |5 362 |5 376 |5 37.0
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MEASUREMENT LOGISTICS:

1) Recorded ambient temperature (Deg. F): 60 F
2) Equipment Utilized: Krautkramer MIC 10 Hardness Tester
3) Measurements Standard: Rockwell C standard
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BEARING TOP ANCHOR ROD LAYOUT

GENERAL PROCEDURE:

1) Galvanizing was ground off the top surface of the rods using a grinder.

2) Suitable sand paper was lightly applied after grinding to achieve a
surface profile of 15 ym or less per ASTM A1038.

3) A profile meter was utilized to ensure surface roughness is acceptable.

4) The surface was free from oil, grease, dust, rust, and surface coatings.

5) Measurements were taken as shown on Section A above.

6) After measuring the hardness on each rod, the equipment readings
were verified against a certified hardness reference block by taking 2
additional measurements.

GENERAL NOTES:

Note 1: Field hardness equipment is subject to greater variability than lab equipment. In
addition,factors including wind and difficult access conditions can contribute to
such variability.
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Hardness Readings

Drawn By: | SK
Date: 5/23/2013

SHEET
NUMBER

4-1-B2-TOP

1_342 |1 350 |1 337 |1 374 |1 367 |1 375 |1 370 |1 363
2 324 |2 336 |2 326 |2 367 |2 360 |2 356 |2 341 |2 350
1 3 321 [3 315 |3 323 |3 336 [3 350 [3 313 |3 337 |3 325
4 331 |4 323 |4 330 |4 363 |4 3641 |4 346 |4 360 |4 352
5 339 |5 342 |5 346 |5 375 |5 371 |5 370 |5 374 |5 369
1_366 |1 370 |1 364 |1 372 |1 364 |1 360 |1 370 |1 359
2 355 |2 361 |2 348 |2 356 |2 344 |2 350 |2 364 |2 346
2 3 333 |3 339 |3 342 |3 32 |3 324 |3 338 |3 356 |3 331
4 348 |4 354 |4 347 |4 362 |4 353 |4 359 |4 357 |4 355
5 39 |5 371 |5 367 |5 368 |5 361 15 33 15 371 |5 363
1357 |1 362 1370 |1 362
2 349 |2 350 P - 2 356 |2 34.3
3 3 335 |3 330 Location: Bearing B2 3 347 |3 327
4 354 |4 349 : . 4 361 |4 356
5360 |5 357 Average Field Hardness: 35.1 HRC 2—5¢g7—2—g%
1_370 |1 _ 364  wam. 1364 |1 _ 36.1
> 358 2 354 -Average Reading "1": 36.3 HRC > 350 T2 337
4 3 344 |3 324 -Average Reading "2": 34.8 HRC 3 337 |3 325
4 350 |4 338 _ 4 350 |4 34.8
b 363 |5 364 -Average Reading "3": 33.2 HRC 5 368 |5 369
1369 |1 366 C waw 1_36.8 |1 368
2 360 |2 342 -Average Reading "4": 34.8 HRC 2 346 |2 354
O [ 3413750 Aerage Reading "5 36.3 HRC |3 35 |3 328
5 380 |5 3641 . 5 360 |5 370
1 370 11 368 Average Hardness Readings from 1 339 11 362
2 349 |2 356 : 2 335 |2 354
6 3 339 |3 340 2009 QC Report: 35.0 HRC 3 317 |3 335
4 347 |4 341 4 329 |4 351
5 363 |5 360 5 344 |5 362

1 36.8 |1 373 1351 |1 354 |
2 354 |2 353 2 345 |2 349
7 3 341 |3 34.1 3 333 [3 309
4 360 |4 344 4 339 |4 334
5 370 |5 366 5 360 |5 355
1_376 |1 _ 368 1339 |1 350
2 353 |2 344 2 324 |2 337
8 3 335 |3 331 3 301 |3 331
4 365 |4 36.0 4 341 |4 349
5 370 |5 373 _ _ _ 5 359 |5 357
1370 |1 3.7 |1 370 [1 363 [1 378 |1 370 |1 353 |1 349
2 356 |2 346 |2 359 |2 350 |2 360 |2 356 |2 340 |2 325
9 3 32 |3 333 |3 332 |3 333 |3 340 |3 337 |3 320 |3 321
4 359 |4 336 |4 339 |4 343 |4 350 |4 360 |4 342 |4 329
5 362 |5 350 |5 365 |5 368 |b 365 |5 373 |5 355 |5 350
T 35.7 36.1 36.6 36.9 37.0 351 | 1_ 346 36.3
2 349 |2 350 |2 352 |2 350 |2 350 |2 342 |2 336 |2 331
1 O 3 329 |3 328 |3 348 |3 345 |3 346 |3 330 |3 316 |3 31.3
4 351 |4 339 |4 361 |4 359 |4 351 |4 351 |4 330 |4 322
5 362 |5 359 |5 368 |5 368 |5 363 15 30 15 360 |5 339

MEASUREMENT LOGISTICS:

1) Recorded ambient temperature (Deg. F): 57 F
2) Equipment Utilized: Krautkramer MIC 10 Hardness Tester

3) Measurements Standard: Rockwell C standard
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GENERAL PROCEDURE:

1) Galvanizing was ground off the top surface of the rods using a grinder.

2) Suitable sand paper was lightly applied after grinding to achieve a
surface profile of 15 ym or less per ASTM A1038.

3) A profile meter was utilized to ensure surface roughness is acceptable.

4) The surface was free from oil, grease, dust, rust, and surface coatings.

5) Measurements were taken as shown on Section A above.

6) After measuring the hardness on each rod, the equipment readings
were verified against a certified hardness reference block by taking 2
additional measurements.

GENERAL NOTES:

Note 1: Field hardness equipment is subject to greater variability than lab equipment. In
addition,factors including wind and difficult access conditions can contribute to
such variability.

Revision No: | By: Date:

SELF-ANCHORED SUSPENSION BRIDGE

E2 Bearing Top Anchor Rods
Hardness Readings

Drawn By: | PH
Date: 5/24/2013

SHEET
NUMBER

4-1-B3-TOP

13641 |1 381 |1 366 |1 364 |1 360 |1 375 [1 377 |1 372
2 352 |2 358 |2 354 |2 357 |2 352 |2 348 |2 350 |2 3509
1 3 323 [3 330 |3 328 |3 340 [3 319 |3 344 |3 336 |3 349
4 349 |4 364 |4 364 |4 346 |4 344 |4 358 |4 364 |4 354
5 371 |5 373 |5 377 |5 363 |5 360 |5 369 |5 375 15 362
1364 |1 3.2 |1 382 |1 364 |1 368 |1 373 |1 367 |1 362
2 353 |2 357 |2 350 |2 336 |2 352 |2 363 |2 346 |2 356
2 3 336 |3 337 |3 316 |3 302 |3 323 |3 354 |3 325 |3 34.8
4 361 |4 346 |4 348 |4 346 |4 354 |4 359 |4 356 |4 367
5 372 |5 39 |5 374 |5 365 |5 367 |5 364 |5 3381 |5 382
1384 |1 367 1_36.8 |1 _36.9
2 362 |2 339 o - 2 365 |2 358
3 3 357 |3 320 Location: Bearing B3 3 318 |3 344
4 364 |4 352 : . 4 322 |4 361
=336 15 367 Average Field Hardness: 35.6 HRC 2 340 5 371
1_36.3 |1 _ 38.1  wam. 1378 |1 368
359 T2 361 -Average Reading "1": 37.0 HRC > 361 T2 349
4 3 338 |3 324 -Average Reading "2": 35.5 HRC 3 348 |3 338
4 352 |4 346 _ 4 355 |4 352
b 362 |5 352 -Average Reading "3": 33.3 HRC 5 375 |5 360
1384 |1 _ 376 C waw 1360 |1 368
2 362 |2 364 -Average Reading "4": 35.4 HRC 2 356 |2 353
D [ #213790 1 Ajerage Reading "5": 37.0 HRC |3 22 |3 332
5 380 |5 374 . 5 350 |5 368
1 362 11 382 Average Hardness Readings from 1 384 11 362
2 354 |2 36.0 : 2 354 |2 344
6 3 321 |3 343 2009 QC Report: 35.0 HRC 3 326 |3 338
4 325 |4 358 4 367 |4 36.8
5 372 |5 385 5 383 |5 1384

1 376 |1 384 1_36.0 |1 37.7 |
2 352 |2 352 2 343 |2 354
7 3 340 [3 321 3 318 |3 348
4 348 |4 340 4 361 |4 362
5 378 |5 352 5 364 |5 376
1366 |1 _ 365 1379 |1 _37.7
2 334 |2 359 2 360 |2 362
8 3 331 |3 329 3 319 |3 355
4 349 |4 35.1 4 334 |4 373
5 361 |5 363 _ _ _ 5 33 |5 370
1373 |1 3.0 |1 365 |1 371 [1 378 |1 362 |1 373 |1 364
2 358 |2 340 |2 358 |2 362 |2 370 |2 39 |2 355 |2 353
9 3 316 |3 332 |3 332 |3 343 |3 364 |3 342 |3 325 |3 333
4 349 |4 343 |4 363 |4 353 |4 365 |4 357 |4 338 |4 363
5 366 |5 369 |b 386 |5 386 |5 373 |5 37 |5 35 |5 333
T 36.1 36.2 38.4 374 36.0 372 11 _37.6 36.1
2 344 |2 351 |2 372 |2 368 |2 352 |2 354 |2 365 |2 350
1 O 3 329 |3 332 |3 330 |3 331 |3 332 |3 321 |3 335 |3 327
4 342 |4 359 |4 368 |4 358 |4 354 |4 365 |4 348 |4 342
5 378 |5 33 15 382 |5 386 |b 363 |5 378 |5 363 |5 365

MEASUREMENT LOGISTICS:

1) Recorded ambient temperature (Deg. F): 54 F
2) Equipment Utilized: Krautkramer MIC 10 Hardness Tester

3) Measurements Standard: Rockwell C standard
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GENERAL PROCEDURE:

1) Galvanizing was ground off the top surface of the rods using a grinder.

2) Suitable sand paper was lightly applied after grinding to achieve a
surface profile of 15 ym or less per ASTM A1038.

3) A profile meter was utilized to ensure surface roughness is acceptable.

4) The surface was free from oil, grease, dust, rust, and surface coatings.

5) Measurements were taken as shown on Section A above.

6) After measuring the hardness on each rod, the equipment readings
were verified against a certified hardness reference block by taking 2
additional measurements.

GENERAL NOTES:

Note 1: Field hardness equipment is subject to greater variability than lab equipment. In
addition,factors including wind and difficult access conditions can contribute to
such variability.

1 368 |1 367 |1 365 |1 363 |1 366 |1 380 |1 363 |1 379
2 37 |2 31 |2 346 |2 346 |2 342 |2 355 |2 361 |2 373
1 3 327 |3 343 |3 336 |3 322 |3 335 |3 344 |3 345 |3 362
4 363 |4 355 |4 360 |4 338 |4 366 |4 364 |4 366 |4 366
5 39 |5 37 15 374 |5 360 |b 376 |5 377 |5 372 |5 378
1 366 |1 372 |1 371 |1 368 |1 379 |1 375 |1 374 |1 363
2 3.0 |2 355 |2 360 |2 358 |2 369 |2 369 |2 356 |2 352
2 3 333 |3 335 |3 334 |3 331 |3 331 |3 355 |3 325 |3 337
4 364 |4 367 |4 359 |4 362 |4 365 |4 361 |4 363 |4 358
5 371 |5 39 15 31 |5 371 |5 381 |5 380 |5 375 |5 374
1_371 |1 366 1351 |1 375
2 356 |2 356 S - 2 348 |2 344
3 3 324 |3 337 Location: Bearing B4 3 315 |3 325
4 345 |4 3509 : . 4 330 |4 332
5 366 |5 371 Average Field Hardness: 35.8 HRC 2 378 15 350
1 36.7 1 38.0 : nqwn, 1 37.2 1 36.4
5351 T2 373 -Average Reading "1": 37.0 HRC > 350 T2 353
4 3 337 |3 353 -Average Reading "2": 35.5 HRC 3 338 |3 331
4 355 |4 37.2 _ 4 350 |4 338
5 366 |5 380 -Average Reading "3": 33.6 HRC 5 367 |5 352 |
1360 |1 374 o waw 1_364 |1 366
2 348 |2 354 -Average Reading "4": 35.7 HRC 2 357 |2 354
O [ 32137391 erage Reading "5 37.1 HRC |3 23 |3 320
5 369 |5 366 . 5 375 |5 357
1 372 |1 374 Average Hardness Readings from 1369 11 378
2 358 |2 359 : 2 334 |2 370
6 3 350 |3 341 2009 QC Report: 35.0 HRC 3 321 |3 343
4 360 |4 353 4 357 |4 363
5 377 |5 376 5 331 |5 378
1365 |1 369 1_36.7 |1 372 |
2 352 |2 340 2 321 |2 354
[ [3332 [3 337 3 320 |3 327
4 347 |4 350 4 336 |4 358
5 374 |5 358 5 344 |5 370
1 373 |1 366 1_381 |1 366
2 346 |2 357 2 374 |2 345
8 3 332 |3 334 3 363 |3 330
4 363 |4 347 4 373 |4 366
5 375 |5 357 _ _ 5 379 |5 370
1 373 |1 368 |1 364 11 373 |1 372 [1 363 [1 375 [1 370 |
2 350 |2 357 |2 346 |2 355 |2 352 |2 347 |2 347 |2 360
9 3 326 |3 340 |3 334 |3 343 |3 341 |3 338 |3 338 |3 343
4 340 |4 366 |4 347 |4 353 |4 366 |4 340 |4 357 |4 350
5 368 |5 372 |5 370 |5 363 |b 379 |5 365 |5 369 |5 367
1 36.1 37.6 38.0 36.7 37.1 375 |1 383 37.8
2 356 |2 361 |2 377 |2 355 |2 344 |2 370 |2 365 |2 357
1 O 3 318 |3 353 |3 346 |3 343 |3 332 |3 351 |3 342 |3 349
4 363 |4 363 |4 372 |4 354 |4 354 |4 371 |4 367 |4  35.1
5 381 |5 372 |5 383 |5 371 |5 367 |5 373 |5 368 |5 383

Revision No:

By:

Date:

SELF-ANCHORED SUSPENSION BRIDGE

E2 Bearing Top Anchor Rods
Hardness Readings
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Date:
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SHEET

NUMBER

4-1-B4-TOP

MEASUREMENT LOGISTICS:

1) Recorded ambient temperature (Deg. F): 65 F
2) Equipment Utilized: Krautkramer MIC 10 Hardness Tester
3) Measurements Standard: Rockwell C standard




Hardness Readings

MH
6/11/2013

Drawn By:
Date:

SHEET
NUMBER

7-I-WEST

e ————— Panel Point Numbers (Typ.) I;WdS Diam. rardr;ess I;eadi:gs fosr "W';sLineYPWSSRodZ gwds Diarm. rardr;ess Zeadi:gs fosr "W';sLineYPWSSRodZ
(0] O
@@ ®@@@ : 2\ [T [31/27]36.8]36.334.2|32.2|31.433.7|34.1[35.2|35.7 71 |3 1/2"|37.2]36.2|33.4|31.8|30.4|32.1/33.6|34.8(35.6
132}136 1334137 128}134 122[129 135{123 130[116 124}108 117109 2 |31/2"|35.5[34.2|33.7|32.6/32.333.9]33.9]34.4[36.2 72 |31/2"[36.1]34.0[34.0|32.8]29.8]32.3[32.9[33.2[34.9
125li31 1asiz0 127} 12114 108j1s 107se i fico 2les  ERIAAE M E N E R 17 N I 7740 H A N N N o s s
oo [« ]} Nl ofo (o) e} ofl o ofo oflo ojo . . . . . . . . . - - - - - - - - -
N U811 119112 104196 10307 Sojes 0is1 z2is2 Ialed _ g g}g gg.é gg.g gi.g %%? gg.g gg.g ggg ggg gg.g ;g g}g 35.4]35.3]33.831.0/29.8|32.1/33.0/34.4|36.4
I 1014110 102494 10395 8778 8879 70480 71162 5363 34 7 [31/2"[36.2|35.1|34.0|33.6/30.9|31.7|32.2|34.2|36.0 77 |3 1/2"|37.9|37.2|35.0|33.2|31.0|32.7|33.5|36.8|37.3
S G 84]93 8576 86177 68H59 6960 5161 43[52 44136 4537 8 31/2"35.7|35.1|33.3|33.3[33.2|34.6|35.5|36.6|36.2 78 [31/2"[36.3|35.4|33.4|33.1|33.1/34.4|34.5/36.0(36.2
Tvp. 0 e Be oo |E @e gle 2o me 9 [31/2"[36.5|36.1]34.4|32.3]30.4/32.6|34.2]36.9[37.0 79 [31/2"[36.0/35.4[33.8]33.0|32.7/32.9(34.4]35.9[36.7
SLn Francisco T DD Srper ABes Sl Shpde Sdpes Ssper 2012 10 |3 1/2"[36.6/35.7/34.0]32.1[31.3]32.833.5/34.9/36.9 80 |3 1/2"[36.6]36.1]35.0]33.7|30.4/33.2(34.3]35.0[36.6
- | | [ — 55046 56(30 47§39 31840 32024 33(17 25418 12§19 7013 11 [31/2"|37.4|35.3|33.6/30.9(29.7|32.1/33.4|34.7|38.3 81 [31/2"]36.0/34.0|33.0|30.0{30.0|32.1|33.6|34.3|35.2
Glo ofo ofjo Ofo oo Tojo "ofo Ofo Tofo 12 [31/2"[36.7/35.2(34.0(33.7|33.2|34.5|34.8|35.9/36.4 82 |3 1/2"[36.5|34.5[32.4]32.0]30.0/32.0/32.1/34.0[35.3
| 20121 3814 2238 15423 449 16pS 1042 6yl1 3f4 13 _[31/2"]36.4]35.8(33.3]30.8[30.3]31.5]34.335.9]36.0 83 [31/27[37.0[36.5[34.9[32.2[32.0[33.1[34.4|35.2|36.8
| I (Ym0 14 [31/2"|35.2]34.3]33.0(32.8]29.533.6|33.7/33.734.1 84 [31/2"[35.7]35.4|33.0|32.3]30.5/32.2[34.4]34.4[36.1
Sectfon C (Typ.) 15 |3 1/2"|37.1]35.4]33.4]33.0[30.9]33.1]34.7|35.2|34.9 85 |3 1/2"[36.4]35.9[34.8]32.4|31.2]31.3]34.9]36.2[36.3
| i i i i i ] l i 16_|31/2"|37.5/37.5/36.6|34.4]32.9]30.1|33.3/35.6 37.1 86 |3 1/2"[35.0]34.0[33.2|32.7|31.7/32.0(32.5]34.2[34.9
‘ ' 17 gxz %2 %g.q; ggg ggi ga.g gg; gzztg ggg gg.g 87 |3 1;2 35.2[34.9]32.8[31.3[30.5|32.3|34.2|35.635.7
- _ _mAM 8 |31/2"[36.4]35.1[33.3]32.4[30.8]30.7[32.5/33.3[36.3] [88 [31/2"| - | - | - | - | - [ - | - [ - -
CL of Bridge SECTION A-A (PWS RODS- "W LINE) 19 |3 1/2"|35.7/35.0(33.5]32.6]30.7]33.8|34.8|36.3/36.5 89 [31/2"[36.4]|35.9|34.1|32.7|32.3/32.9/33.2|34.6|35.1
— — —L F NTS 20 |3 1/2"[36.735.5|33.2|32.4]30.2(32.8(33.9]34.7[35.5 90 [31/2"[36.1|35.6]34.0]32.5/30.4/33.1/33.7/35.0|36.1
- 21 |3 152 32% 35.5 24.6 ggm g?.s 34.9 35.2 %6.1 g7.g 91 |3 1;2 36.8[35.5 33.9 ggs 32.2 g?.g 34.4 gs.s g7§
22 |3 1/2"[36.6|35.9]34.8|33.0/31.5/32.8[34.4] 35.1|35. 92 [31/2"[35.4]33.9[32.4|31.7|28.3]31.6|32.8]34.8[35.
1090137 100j124 176)130 123115 1357129 122104 128y157 1354127 130152 23 [31/2"|36.8]35.8]34.5]34.1]33.9]34.6|34.835.2|36.4 93 [31/2"[35.4[34.3]32.2|31.1]29.6]31.7]32.134.3]34.9
| T~ 8392 82108 91§99 107[98 106[114 105121 113}120 126[119 131125 24 |3 1/2"[36.8]36.7|35.5|32.2|31.8(32.7]34.8]35.9[36.4 94 [31/2"[35.4]34.3[32.5|31.6/30.9]32.7/33.8]34.5[35.0
| | o | | obe ais 2is alo oo afe oo, oo S 25 |31/2"]36.4/36.1]34.8|32.6/30.8(31.2[33.9]35.1[36.6 95 |31/2"[35.3]33.6[32.4]30.0|29.8]33.3/33.5]34.3[35.9
—_ offo ofe ofo ole ofo ofoc ofc ofs ofs 26 [31/2"[35.9]35.2[32.4]31.3[28.9]32.2[33.0[35.6/35.9 96 |3 1/2"[37.0]36.0[34.2]33.1]31.8]32.1/33.8]36.4[36.9
ine Ahchor Rods 5445 53062 52fl61 70[79 6978 87077 95(86 94f102 93f01 27 [31/2"]36.8]36.0]33.7/32.9|31.5[32.2[34.8]35.4|36.3 97 [31/2"[34.8]33.8]32.9]32.1[32.0/32.6/33.2|33.4[35.9
Oakland ojo oo oo ofo oo oo ofo ofo ojo 28 |3 1/2"[36.736.1]33.8/32.4/30.5|31.534.4[36.437.1 98 [31/2"[37.2]36.5[34.3|32.8|31.6/32.0/33.8]35.9[36.8
7 T ——= 3728, 36pdd, 35id3 OTI80, 5039, 68ia8, 7RG, 8S1L5, B4R, 29 (312" - [ - [ - | - [ -1-1-1-1- 99 |3 1/2"36.6]34.2[33.3]32.131.5[33.9|33.7[34.1[34.9
CL of Strands 20027 1926 34[42 33§41 49040 4857 6656 65(74 30 [31/2"[36.8|35.2|34.8|33.5|33.2|34.6/34.7|35.9(36.0 100 |3 1/2"|37.6|35.6/34.5/33.1/33.3[33.4|35.6|36.2/36.8
gy, 4 ofo ofo ofo ofo ofo ofo ofo ofo 31 [31/2"[35.0]34.5[33.1]32.7|31.6/32.7/33.8]33.8[34.8 101 [ 3 1/2" | 36.1]34.0(32.8(31.6]30.1/32.1[33.3[34.1/36.4
o IT}, L ) L, 12418, 11)2e 1724, 32323 31439, 47138, 46455 b 32 [31/2"[36.6/35.9]34.5(32.3[31.5[32.1]34.6[36.2[36.9 102 [31/2"[36.9]34.6[33.8[33.1[30.3[31.9]34.2]34.8(35.9
g%éé 403 6l2 1065 1609 1 f15 s8l22 1430 21029 33 [31/2"]136.1/35.9|34.3|32.8|30.5/33.0(34.4|35.3|35.7 103 |3 1/2"[35.7|34.4|33.4|31.6/31.4|31.2/31.9|32.8|36.7
izt oo ofo oo ofo ofo ofo ofo ofo 34 [31/2"[36.4]35.2[33.8]32.2|31.7/32.7|34.0|34.5[35.4 104 |3 1/2"|37.1]36.2[35.4|33.6]30.9]33.2[34.8[35.1/35.6
' /V 35 |31/2"[35.3]34.633.6]31.8/31.6/32.1[32.7]34.4[35.3 105 |3 1/2"|37.5/37.2[35.4]34.5|33.5]34.1]35.0[36.6|37.4
Section C (Typ) /| ! H ; ﬂ ! H n ﬁ u 36 |3 1/2"[36.0]35.5[34.3|33.7/30.1/33.1/35.0/ 36.1/35.9 106 | 3 1/2" |35.6/34.3[33.7|32.8|33.2[33.4]33.7|34.1/35.5
, 37 |31/2"[35.9]35.3[34.6]31.0]30.5/30.8]34.1/36.0[36.3 107 |3 1/2"[36.4]35.2(33.2[33.7]32.1[34.2|34.5[34.9|35.8
SECTION A_A (PWS RODS' uEu LINE) gg g:]]g" 36-.2 341-.1 32-.7 32-.4 3(2.3 32-.8 32-.8 33:.8 36-.0 :]]88 g:]]g" 36-.7 36-.5 3%.5 32-.3 31-.9 32-.7 34-.6 3?.1 35-.6
PLAN VIEW NTS 40 |3 1/2"|34.9]32.9]32.7|31.0|30.4|33.1|34.6|36.6|37.0 110 | 3 1/2"|35.0|33.1|32.6|30.3|30.0|30.9|31.8|31.8|32.4
NTS 101 1.1 41 (312" - | - [ - [ - [ -1 -1T-1-1- M1312"] - | - | - [ - -1-1-1-1-
1. LT O dndn e 42 [31/2"|36.1/36.0/35.8|32.9]31.6|33.0|34.5|35.1|35.2 112 [ 3 1/2" |34.3|34.2(33.8|33.6|31.9]31.9(33.733.7|34.2
| THIS DRAWING IS FOR THE HARDNESS TESTING READINGS FOR THE 4 4 4 4 4 4 43 [31/2"|34.9]34.7[32.8]32.4]32.5[33.1]33.9]34.1/35.6 1133 1/2"[36.5/35.5|34.9]34.7]32.1/32.5]33.6[33.9/35.1
PWS STRAND ANCHOR RODS ON THE "W" LINE ONLY. , 1.1 1..1 44 [31/2"|36.2]35.1/33.8]32.1/30.9]33.1|34.7|35.7/ 36.1 114 |3 1/2"|35.3/33.0/31.9]30.7]29.8]31.6[32.5[36.1/36.5
B AMA S S 45 31/2"[36.1[35.9/33.8]32.0[31.5[33.4]35.5[36.3[36.8| | 115 |3 1/2"36.2[34.8]33.632.1]29.4]32.5[33.3[34.8]37.4
increments 212 2|2 46 (312" - | - | - | - | - [ -1 -1-1- 116 |3 1/2"|35.8]35.3]33.6|32.4]30.1]32.8]34.4]36.937.5
NNy 47 |3 152 35.8(34.3]33.2|32.4|31.5|32.8/33.2|34.836.0 H? gxz gg; %g% ggg g;.g g}g g%g %i'% gg; gg.g
) 48 [31/2"] - | - | - | - 1 - [ -1 -1-1-1 [118[31/2"[36.2[36.1/35.0[33.0/31.2[32.5]34.1|35.7]36.
GENERAL PROCEDURE: _ _ v N 49 32 - [ - | - [ - -T-1-1-71- 119 [3 1/2"[37.1]36.5]35.2] 32.1[31.5[31.7 [32.436.5]36.9
1) Galvanizing was ground off the top surface of the rods using a grinder. 50 |31/2"[36.9]33.3131.9]31.1/29.0/32.1]34.9(35.1|36.4 120 | 3 1/2"|34.9]34.7|32.6[30.8[29.4|32.0/33.9]34.5|35.7
2) Suitable sand paper was lightly applied after grinding to achieve a surface profile S T35 e b e a s 8T T alsalealan ] [Ioa a1/ a86l95 1357195 5131 61385134 01360367
of 15 um or less per ASTM A1038. . 53 [31/2°|357]334]31.8[31.8]32.1133.5[34.6]340(35.3] | 1233 1/2"355[33 1[32.4]20.9]28.8(33.1]33.134 4|34.9
3) A profile meter was utilized to ensure surface roughness is acceptable. Q9 Q 000 O OC 54 [31/2"[36.5[35.6(32.7]31.8[31.2(32.2[34.8]35.5(36.7| [ 1243 1/2"[37.7]35.1/34.6|33.1/33.3]33.8/34.3/35.8/36.5
£ Ine e v o oo, e st o o contng. R P S A T B e
5) Measurements were taken as shown on Section A above. N 57 [31/2"[35.7]33.4]33.2]30.3]30.3]33.5]34.0[34.1[35.0 127 [31/2"[36.9]36.6[34.5]32.3[30.632.6|34.5|35.3]35.7
6) After measuring the hardness on each rod, the equipment readings were verified 58 [31/2"]36.9/35.6|35.0/32.9|31.7[32.2(34.7|36.0(36.2 128 |3 1/2"[34.6|33.8(32.2|31.2]129.1|32.2(31.9]|33.6/35.2
against a certified hardness reference block by taking 2 additional measurements. 59 [31/2"]| - - - - - - - - - 129 [31/2"| - - - - - - - - -
GENERAL NOTES: 60 |3 1/2"[35.8|34.4|33.2|31.4/30.0(32.7|33.1|35.1|37.0 130 |3 1/2"|36.4|35.5|34.9]32.7|30.2|32.8|34.1|35.5|36.5
: = , , o " 61 |3 1/2"[35.5/33.8|32.8]32.5/32.4]33.4]34.1[35.0] 36.1 131 [3 1/2"|[34.5|34.0(33.1/30.1/31.2[32.1[33.1[34.2|35.7
Note 1: Field hardness equipment is subject to greater variability than lab 32 62 |31/2"(36.2|34.1133.6/33.6/30.7|31.6|34.4|34.2]36.4 1323 1/2"| - _ _ _ _ _ _ _ _
equipment. In addition,factors including wind and difficult access conditions can 63 |31/2"136.0135.1133.9/32.9|31.1|33.0/34.5|35.735.8 1331312"| - | - | - | - | - | - | - | - -
contribute to such variabilit SECTION C (TYP.) 64 [31/2"]35.3]33.7]33.1[31.9/29.4[30.9/33.4[36.0/36.7 134 [3 1/2"|37.2]36.6|33.7[32.3|31.8(31.4|32.2]36.3[36.8
y: 65 |3 1/2"36.5/35.4]34.0]32.3]31.9/33.1]33.0]34.9[36.6 135 |3 1/2" [36.8/36.3[33.8]32.2[31.0[33.5[34.5[35.736.4
Rovision No. T Bv: Date: 66 312" - | - | - | - [ - [ -1 -1-1- 136 |3 1/2" |35.0(34.7[34.5]32.9]30.5]32.0(/33.0[35.2|35.5
evision No- | By : SELF-ANCHORED SUSPENSION BRIDGE 67 [31/2"]36.9/35.8]35.0(33.5|30.7/33.8|35.1/36.5|36.6 137 | 3 1/2"[33.8]32.1]31.7]31.8(30.631.9(32.0]32.2[32.7
PWS Strand Anchor Rods - "W L gg g}g 35.1]34.833.8|33.1]32.6(33.2(33.3]35.5[36.0 AVERAGES [36.1(35.1(33.7[32.3[31.0{32.6(33.8(35.1(36.0
rand Anchor Rods - "W" Line "l - - - - - - - - -
70 |3 1/2"[36.4]35.3]34.4|33.4|31.6/33.9/34.9/35.9|36.7] MEASUREMENT LOGISTICS:

Field Average Hardness: 34.0 HRC
Average Hardness Readings from 2011 MTR's: 35.5 HRC

1) Recorded ambient temperature (Deg. F): 59 °F
2) Equipment Utilized: Krautkramer MIC 10 Hardness Tester
3) Measurements Standard: Rockwell C standard




Panel Point Numbers (Typ.) PWS Diam Hardness Readings for "E" Line PWS Rods PWS Diam Hardness Readings for "E" Line PWS Rods
Rod| """ 1]2]3|4]l5]|6]7]8]9 Rod| """ 1]2]3|4]l5]|6]7]8]9
118){119
@@@@@@ @@@ \ 1 |31/2"[35.9|35.6|35.1/33.4|33.0|34.0|34.1/35.7/36.0 71 |3 1/2"|35.8]34.8]32.9130.9]29.6|31.8/33.5/36.0(36.6
1321136 133137 1281134 1220129 135{123 1304116 1241108 117}109 2 |31/2"[35.7]35.0(34.5|32.5[32.2(32.8]33.7|34.0[34.4 72 312" - | - [ -1 -1 -1-1-1-71-
3 [31/2"]35.6]34.8]34.1]33.6|32.7|33.1/34.7|35.4|36.4 73 | 31/2"[35.0(35.3/33.0|31.1|31.4|33.5|33.3|34.7|36.1
B S S S DEIRES DR DA b PR 4 [31/2"]35.8]35.6]34.2]33.2|30.8]32.8]33.2]36.3/36.7 74 [31/2"[37.7|37.5]35.8]32.731.6]30.9|32.3(35.6 [34.7
N = UgJi11 119112 104196 10807 B9J98 0481 2182 Iales __ 5 |31/2"36.1/35.3]34.8|33.6]31.2(33.3|34.3|35.2[36.4 75 312" - | - | -1 -1 -1-1-1-71-
6 |31/2"[36.0]35.8(33.9]32.631.5(32.7|33.2|35.1|35.4 76 |3 1/2"|37.3|35.9|35.6|31.0|31.6/33.2|34.5|34.5|37.3
| 1010110 102,94 10495 87178 88)79 70480 71462 53163 34 7 |31/2"35.8]34.4|33.3]32.0/30.0|32.0|33.1]33.1]35.2 77 13 1/2"|36.6]35.0|34.634.333.4|34.4|35.0|35.9/36.9
g4l93 s85i76 s6l77 e8l5o ealeo s51f61 4352 44l36 45037 8 [31/2"35.9]34.0/33.5/31.331.1/33.8|34.3|35.5[36.0 78 |31/2"[37.0]36.0/35.7|33.6|31.1/32.6|33.5|35.435.7
ojo ©ofo oo ofo ©ofo Oofo ofo ofo ofo 9 [31/2"[36.4]35.1]34.0|33.4|32.6/33.5|34.334.9[35.9 79 [31/2"]36.9]35.1/34.3]32.3]32.0(33.3(33.3[35.9[37.0
San Francisco 74165 75466 STReT 48458 49y41 S0y42 34426 35427 2028 10 |3 1/2"[36.9]35.0]33.5[33.1[30.9]32.934.0(35.1]36.1 80 |3 1/2"[35.8]34.8]34.2(32.9]32.2[32.7[34.2[35.9[36.4
e — i . 55046 56]30 47{39 31j40 32124 33]17 25018 12019 _7.413 11 [31/2"135.9134.9|34.6/33.4131.3|33.0/34.3|36.1(36.3 81 [31/2"|36.5|35.2/33.9|32.5|31.4/33.1/34.4|35.7|37.0
olo “ojo “ojo “ojo ofo “ofjo oo Tojo oo 12 (312" - | - | - | - | - [ -1-1-71-+- 82 [31/2"]36.0]35.2(34.4134.4]33.7|35.5|35.6|35.636.0
29121 3814 2238 15123 A9 g5 102 eyt 344 13 |31/2"|36.5]35.7[34.5|32.1[30.7[33.2|34.6|35.2[35.5 83 |3 1/2"[35.5|33.6]33.0(32.6|32.1[32.2(33.9|34.2[36.6
| o Sweee )v 14 |3 1/2"|35.4|34.4]33.8]32.4]31.3]33.5|34.4|36.3/36.9 84 (312" - | - | - | - [ - [ -1-1-1-
ection yp- . . . . . . . . . . . . . . . . . .
Sectjon C (Typ.) 15 |3 1/2"|35.5/35.0(33.9]32.5]29.2[32.6[34.4|35.6/36.0 85 |3 1/2"]35.5|34.7/33.8|32.2|31.0|32.9|33.6|35.0|35.4
| 1 | | ] | | ] | | 1 16 (312" - | - | - | - | -1 -1-1-71- 86 |3 1/2"[36.3]34.5|33.4]32.6]30.6|32.5|34.4|35.3[37.8
17_[31/2" 32.3 32.8 32.6 %% g}.g 333131 gs.s 33.9 ggg 87 |3 1/2"[36.4]35.0[34.7|33.9]30.8/33.1/34.1/35.1[36.0
_ _ MA 18 |3 1/2"|36.8/35.8/35.2]33.1/31.6]31.9]32.9|35.5]36. 88 131/2" - | - | -1 -1 -1-1-1-71-
CL of ridge SECTION B-B (PWS RODS- "W" LINE) 19 [31/2"|35.5/34.9]33.5]31.4]30.5]32.2|33.6|34.2|35.2 89 [31/2"[35.5|32.8|32.0|31.8|29.6/32.2/32.3]32.7|35.8
_ _ NTS 20 |3 1/2"[37.1]36.9]35.0|33.4]31.7/33.9]34.3]36.5[36.7 9 312" - | - [ - -1 - [ -[-1T-71-
‘ — - 21 (312" - | - | - [ - [ -1 -1-1-71- 91 [31/2"36.1/34.9 33.6 32.5(31.9|33.7|34.3|35.5|35.7
I 109f117 1005:24 116[130 123}115 135¢129 122H134 128f137 133[127 136132 %g g}g ggg ggg ggl %gg g;g 228 ggg ggg ggg g% g}g - - R S R L L -
ofqo ofo of © oflo Of o [o ' Ne] oo ol o ofo . . . . . . . - - - - - - - - - - -
T R R T B B — 83102 820108 91/99 10798 106114 105121 113}120 1261119 1311125 24 (312 - | - [ - | - - -] -1-1- 94 [31/2"[36.4|36.4|34.433.1]31.9]33.835.0(35.736.8
25 |31/2"[36.9]35.9/34.8|33.7]|30.2|31.2|33.9/35.0|36.6 95 |31/2"[35.7]35.1/33.9]31.6|31.6]32.2|33.0|35.0[35.9
| G2 63472 STTl, 90180, B9L97, Sfﬁ 1041112 103111 118 26 [31/2"[37.1]35.6[32.9]31.7]30.9[30.2[32.0|33.1|37.2 9% (312" - [ - | - [ -1-1-1-1-1-
54445 53§62 52061 70[79 6978 87f77 95 86 94 02 93 01 27 |31/2"| - - - - - - - - - 97 [31/2"|37.2]36.2|35.1/33.8|31.0|32.8|33.7|35.5/35.9
Oakland oo ofo ojo ofo ofo ofo offo 28 312" - | - | - [ - [ - [ -1 -1-1- 98 [31/2"[36.5|34.4[31.3]31.3|29.6/30.7[31.5|32.1[33.7
] ——=  S7p2 35p4d 35id) S1i00. S0529, 68458, O7hre, 8;5-32- "3“=-= 29 [31/2"]36.7|35.2(34.1]32.3]31.1132.533.4|33.5|34.8 99 [31/2"[37.0136.5[35.3[31.8]31.9]33.0(34.1[35.7[36.2
20027 19[26 34]42 33§41 49§40 4857 66[56 65(74 30 [31/2"]36.6/35.0/33.1/32.6|32.3|33.8[34.5|35.3|35.6 100 [31/2"|36.5/34.1|32.4|31.7|30.7|33.2|32.5|34.1/36.2
ofo ofo ojo ofo ofo ofo offo ofo 31 [31/2"[36.6]34.3[32.0]30.7|29.5/31.1/33.3]34.4[36.2 101 |3 1/2"|36.7|35.9/34.9]33.1/33.0[33.735.3]36.1/37.1
| 1TRL 1208 11025, 17424 32423 S1p39 47438, 4GS f- 32 [31/2"[36.2|35.3|34.9]33.5/30.1/33.1]33.9/35.7[36.4 102 342" - [ - [ - [ - [ -] -1-1-1-
443 6l2 1005 16fl9 115 8l22 14f30 21029 33 |31/2"|35.3|33.9/33.5/32.6(32.8|34.4/35.3|35.7|36.3 103 |3 1/2"|36.8|35.4[34.4/32.0(31.0(32.3|34.2|36.0|36.2
offo oo olo ofo ofo offo oflo ofo 34 [31/2"[35.1|34.4[33.4|32.4|31.0(32.7|34.4]34.9[36.4 104 |3 1/2"|33.7|33.5/31.1/31.1/29.7]31.732.0[32.5/33.8
}u | 35 |3 1/2"]36.6|34.6/33.7|32.7|32.8|33.3]35.0|34.8[35.8 105 |3 1/2"|36.5/33.7/32.8]32.2[32.1[32.2|34.9[34.8]35.8
Section C (Typ) / u 0 i i u i : ; L 36 312" - | - | -1 -1-1-1-1-71- 106 [31/2" - | - - - -1 -1-1-
5 J 37 |31/2"[33.6]|33.5|33.5|32.1|31.4]31.3]32.0|33.4|34.8 107 [31/2"|36.1]35.7[34.0[33.2|31.5|33.6|34.9/353|35.5
npen 38 [ 31/2"]33.8]33.5/31.8|32.1]29.9]32.8(33.3|33.4[35.7 108 [31/2"| - | - | - [ - [ - [ -1-1-1-
SECTION A-A (PWS RODS- "E" LINE) 39 [31/2"35.3[348]334[324[32.2[33.1[34 8|34 8]352] | 109 |31/2"|36.1[35.0]34.6|33.7|33.7]33.5]35.0/35.1]36.3
PLAN VIEW TS > 40 (312" - [ - [ - [ - [ - [ - T-T-7- M0 (312 - | - | - [ - [ - [ - [ -1 -T-
NTS —_— —1 1 101 41 [31/2"|36.0|35.8]34.2|33.0/31.6|34.0/34.9|35.1/36.6 M1 (312" - | - | - [ - [ - [ -1 -1-1-
1" T dud i 42 312" - [ - [ - [ - [ - [ - [ - -1- 112 [31/2"|36.1|34.1|33.6|32.8|30.8|31.633.0|34.4|35.6
THIS DRAWING IS FOR THE HARDNESS TESTING READINGS FOR THE 4 4 4 4 4 4 43 |3 1/2"|35.7|34.4]33.2|31.5|30.2|33.5/33.6|33.8|34.3 113 |3 1/2"|36.8]35.4]34.632.3]31.3]33.4|34.1/36.1/36.6
PWS STRAND ANCHOR RODS ON THE "E" LINE ONLY. ) 1 1 1 44 131/2"|37.0/35.8[34.5/32.5|32.6|/32.5|34.5[35.1/36.0 114 [31/2"37.1136.2|35.3|33.4[31.1/32.0/34.736.6/36.9
gj:d;jj’;,,f?ad'”gsﬁ? nj_n nj_n 45 (312" - | - | - [ - 1 - [ - 1-1-1- 115 |3 1/2"|35.5|34.9|34.4]33.3|33.0|34.1/34.735.9/36.6
increments 2|2 22 46 (312" - | - | - | - | - | - | -1-1- 16 |31/2"] - | - | - | - [ - [ -1 -1-1-
NNy 47 [31/2"|37.0 36% %gﬁ 33.1 g?.o ggg %7 36.1 33j§ M7 (312" - | - | - [ - [ - [ -1 -1-1-
) 48 |3 1/2"|35.5/34. 1]32.4]31.2[33.3]33.5]34.535. 118 [31/2" - | - | - [ - [ - [ - - [ -1-
GENERA_'— PROCEDURE: _ _ v N 49 [31/2"|34.9]34.6/33.9]32.1/31.6]31.0/33.8|33.8]/35.9 119 |3 1/2"|35.7|34.2(33.3]31.3(29.2[32.9]33.9[34.036.0
1) Galvanizing was ground off the top surface of the rods using a grinder. 50 [31/2"]36.5|35.4/34.6|34.3|31.5/33.5|34.3|35.0|35.2 120 |3 1/2"[35.8|33.8/32.8/30.9/31.7/31.8/31.8|33.6/34.8
2) Suitable sand paper was lightly applied after grinding to achieve a surface profile S T35 5134 7oA O35 4135 013 0135 T35 90 a]  [192 [315" 3621350134 337131 333 8134 213 1354
of 15 um or less per ASTM A1038. . 53 312" - [ - [ - [ -1 - [ -1-1-7]- 123 [31/2"|36.5]33.7]32.0[30.7]30.0]30.6]32.7|33.636.9
3) A profile meter was utilized to ensure surface roughness is acceptable. (1)(2) (3) (4)(5)%) C7) 8%) 54 131/2"(35.2|34.6|33.1/30.3]|30.3|30.7 32.0|34.8|35.3 124 131/2"| - - - - - - - - -
4) The surface was free from oil, grease, dust, rust, and surface coatings. 55 [31/2"|35.9|35.6|35.5/35.1|33.5|33.234.4|34.9|35.7 125 |3 1/2"|36.7|35.4]|33.7(31.5/30.8|31.1/32.0/33.9|34.7
5) Measurements were taken as shown on Section A above. gg g]g ggg gga ggg gg% g%g ggg ggg ggg gg; gg g]g 36_'9 34:'2 3%'5 32_'1 39'8 32_'4 3%'5 3%'9 35_'3
6) After measuring the hardness on each rod, the equipment readings were verified 58 |3 1/2"[36.9|35.8]33.1]32.0/30.0/30.7]34.0(36.5[37.0 128 |3 1/2"|33.6]33.3|32.2]31.9/30.2|31.1/31.4]32.9(35.0
against a certified hardness reference block by taking 2 additional measurements. gg g]g %1 ggg g%g 312 gag g:;:g gg% ggg ggg %g g]g 35.9135.3|34.3]33.2|31.9]33.0/34.4|35.2|35.6
GENERAL NOTES: , , o " 61 |3 1/2"|36.2|35.4|34.2|33.1]32.6|32.1]34.5/35.3]36.6] | 131 |3 1/2"|36.9|36.4|35.3|34.3|33.5|34.7|35.3|35.436.8
Note 1: Field hardness equipment is subject to greater variability than lab 32 62 |31/2"|36.8|35.3[33.8|32.9/31.1|32.3|33.4|34.7|35.6 132 [31/2"|36.7|34.8|34.3|32.2|31.5|33.5/34.4|35.4|35.1
equipment. In addition,factors including wind and difficut access conditions can SECTION C (TYP.) S TSI e ae oo Sl asd T a oo 813390 3136 7] [iod Ta 1737 21338139 5192 4131 6132231 1136-51360
contribute to such variabilty. ' 65 [31/2"36.8]35.8(34.6[33.2[31.3[31.7]34.8[35.0(36.0] [135 [84/2"| - [ = [ - [ = [ - [ = [ - [ -] -
Rovision No. T Bv: Date: 66 |3 1/2"|35.0]34.2(34.3]32.9]28.5(30.6|34.4|34.736.7 136 |3 1/2"|34.0|32.9/31.6/31.3|31.2|31.8]33.1|35.7|35.6
evision No- | By : SELF-ANCHORED SUSPENSION BRIDGE 67 [31/2"36.335.9/33.0(31.9[29.532.0[34.3]36.3[37.0 137 |3 1/2"35.2[33.1[32.4(32.0[31.3]30.831.632.634.0
WS Strand Anchor Rods - E" L gg g}g gg.g ggg ggg g%g g}g g%g ggg gg.g gg.g AVERAGES [36.1/35.0[33.9(32.6[31.4]32.7[33.9]34.9[36.0
trand Anchor Rods - "E" Line " 36. . . . . ] ] . .
Hardness Readings 70 |3 1/2"[36.2]35.6/34.6/33.2|32.7|34.2|35.4|36.2|36.4]| MEASUREMENT LOGISTICS:
_ 1) Recorded ambient temperature (Deg. F): 64 °F
Drawn By: | MH SHEET Field Average Hardness: 34.0 HRC 2) Equipment Utilized: Krautkramer MIC 10 Hardness Tester
Date: 6/11/2013 NUMBER 7_|_EAST Average Hardness Readings from 2011 MTR's: 35.5 HRC  3) Measurements Standard: Rockwell C standard




View C-C (Typ.)

Detail B (Typ.)

—— Tower Saddle Tie Rods (Typ.) A 1 | 1 .

Z Z Tie . Hardness Readings for 3 1/2" & Tower Saddle Tie Rods

u Rod Diameter
L 1 1, 1. 1, 1 2 3 4 5 6 7 8 9
o || ©® @g _ 4 1 [4 4 W (Z 4-N 31/2" | 366 | 347344 |336[332[332]347]352] 36.1
! i P Hardness readings @ T dwly, 1wy 20 5-N 31/2" [36.9]36.3]352|34.3]31.6|325[339]346]352
-’ K () 1/4" & 172" increments 212 212 6-N 31/2" | 36.4|351]348|333[333[346][359]36.1]37.1
o e, =N 7-N 31/2" | 36.4 355|343 |336]335]|333][334]344]350
4 Rl / ©) JEEnE 8-N 31/2" |36.0 | 354|346 337326339344 [344]364
HT ?Fﬂ N~ >/ c c v ™~ 9-N 31/2" [37.3|36.3 349333333345 356359362
- ~/ - & 10N 31/2" | 365|353 ]351|336]325|344[359]362]366
i “’“n~H;Q N/ ¥ 3 1/p" Hex Hbad 11N | 31/2" [ 36.6 | 354 | 35.2 | 34.7 | 33.2 | 33.8 | 34.7 [ 35.6 | 35.6
el AN 12-1-N| 31/2" [ 36.8|36.1]35.2]343[322]333[337]36.0]37.1
| b4 ; o SR/ " 12-2-N| 31/2" |37.5|36.7|355| 341|329 |33.0] 33.0] 351 354
O / 3 Q0 Q OO O OO 122-S| 31/2" | 36.3 | 35.8 | 33.9 | 33.7 | 33.8 | 34.9 | 356 | 35.6 | 36.6
6 ba j ' y 4"0 Rod 13-N | 31/2" [ 37.3]36.4[343[340[302[329]342]345]356
: 14-N | 31/2" [ 366 |353[333]|326][31.7|338][339]|355]355
15-N | 31/2" [ 36.0]34.4[342[332[329[338[352[362]374
16-N | 31/2" [36.6 |36.0|344|329[320]|340]346|350] 364
a4" 17N | 31/2" | 36.4 | 35.2 | 35.4 | 34.0 | 33.2 | 345 | 35.1 | 35.0 | 36.7
ELEVATION Detail B (Typ.) 31 18-N | 31/2" [ 375|351[346|334[314|322[343[357]364
s NTS 2 19-N | 31/2" | 355|344 (338330327 |336[337]354]358
View C-C (Typ.) 20-N | 31/2" [363[352|352[324|324[349]|356][358]376
NTS 21-N | 31/2" [36.7[352|339[339|325[348]|356][358]365
Averages 36.6 | 355 | 34.6 | 336|326 [ 337 ] 346 | 355 36.2

TOP VIEW A-A

NTS

Revision No:

By:

SELF-ANCHORED SUSPENSION BRIDGE

Tower Saddle Tie Rods
Hardness Readings

Drawn By: | MH

Date: 6/11/2013 SHEET

8-

NUMBER

Overall Average for Tower Saddle Tie Rods = 34.8
Average Hardness Readings from 2010 QC Reports: 35.0 HRC

GENERAL PROCEDURE:

1) Galvanizing was ground off the top surface of the rods using a grinder.

2) Suitable sand paper was lightly applied after grinding to achieve a
surface profile of 15 pm or less per ASTM A1038.

3) A profile meter was utilized to ensure surface roughness is acceptable.

4) The surface was free from oil, grease, dust, rust, and surface coatings.

5) Measurements were taken as shown on Section A above.

6) After measuring the hardness on each rod, the equipment readings
were verified against a certified hardness reference block by taking 2
additional measurements.

GENERAL NOTES:

Note 1: Field hardness equipment is subject to greater variability than lab equipment. In
addition,factors including wind and difficult access conditions can contribute to
such variability.

MEASUREMENT LOGISTICS:

1) Recorded ambient temperature (Deg. F): 61 °F

2) Equipment Utilized: Krautkramer MIC 10 Hardness Tester
3) Measurements Standard: Rockwell C standard




SELF-ANCHORED SUSPENSION BRIDGE

Tower Saddle Turned Rods
Hardness Readings

Drawn By:

MH

Date:

6/10/2013

SHEET

O-l

NUMBER

Saddle | Turned Hardness Readings for 3" & Rods
. : Heat |Diameter
| Splices | Rod 1 2 3 4 5 6 7
1, 14 1 1 L5 NNF 3" 36.0 | 35.0 | 33.9 | 32.4 | 335 | 349 | 35.7
[T1-1] o el 4 4 Z" Z" L6 NNF 3" | 36.9 354337316326 | 34.0 | 348
A C | . 1ui 1wl 1Ny L8 NNF 3" 37.0 | 36.4 | 34.6 | 33.8 | 34.6 | 36.4 | 37.3
=R S ardness readings @ Anj In, In| lIn "
ARG 1/4" & 1/2" increments 2121212 L9 NNF 3 3591349 | 340|336 |34.6 | 35.2 | 36.5
: = ~ M4 NNF 3" 36.4 | 35.4 | 33.8 | 32.6 | 34.5 | 355 | 36.5
Q) —— N N6 NNF 3" 35.7 | 33.3 | 325314 | 33.7 | 359 | 36.2
= P y ) ™ 02 NTA 3" 36.1|35.6 | 34.2 | 33.5 | 33.8 | 35.0 | 36.4
' a 03 NNF 3" 37.6 | 36.2 | 355 | 34.7 | 35.9 | 36.2 | 36.9
05 NNF 3" 36.2 | 34.8 | 33.2 | 32.8 | 34.0 | 35.6 | 36.1
S 00 O O O 00 09 NNF 3" 36.8 | 35.9 | 34.2 | 33.3 | 34.0 | 35.7 | 35.0
</ 12 3 4 5 ey P9 NNF 3" |36.7]355|348]|334[339]347]350
] L5 NNF 3" 36.2 | 35.7 | 34.3 | 31.8 | 33.9 | 345 | 36.2
i /4 L6 NNF 3" 36.6 | 35.7 | 33.2 | 31.3 | 334 | 359 | 36.2
.' \ P M7 NNF 3" 36.2 | 35.8 | 34.7 | 33.1| 34.5| 35.0 | 36.2
P s e *— Tower Saddle Tumed Rods (Typ.) 3" o | N2 NTA | 3" | 350342334 318329358 | 357
~A = N3 NNF 3" 36.4 | 35.3 | 34.9 | 321|345 | 346 | 35.7
N . . . . . . .
SECTION C (TYP.) = N6 NNF 3" 36.7 | 34.4 | 33.9 [ 33.2 | 34.8 | 354 | 36.8
ELEVATION N8 NTA 3" 35.6 | 34.4 | 33.8 | 33.2|34.0 | 35.8 | 35.9
NTS 05 NNF 3" 36.9 | 35.4 | 34.5 | 33.5 | 34.8 | 354 | 35.8
o7 NNF 3" 36.2 | 34.4 | 33.9 | 32.9 | 33.0 | 35.7 | 36.2
Averages 36.4 | 35.2 | 341|328 | 34.0 | 354 | 36.1
Field Average Hardness: 34.8 HRC
Average Hardness Readings from 2010 QC Reports: 35.1 HRC
_ - . T GENERAL PROCEDURE:
[y 4 ‘f T el 41, : gt 1) Galvanizing was ground off the top surface of the rods using a grinder.
[Fai ' o - 'Efz I e —f 1 ] 2) Suitable sand paper was lightly applied after grinding to achieve a
2T | S S SR A -~ el L i} _
ﬁ_ﬁ_*_ 1 Jr ] _'&3 i b OETR surface profile of 15 ym or less per ASTM A1038.
% .4 L S 9 e 3) A profile meter was utilized to ensure surface roughness is acceptable.
) . " p i | P P i (¥ % . H
S A T N A A Ry il vl i e ] 4) The surface was free from oil, grease, dust, rust, and surface coatings.
[+ 710 o+ o 1y | i 45 T b )
7 G e gy % K o ey e ey gy o B¢ YR O s L AR S A AL A T b & 5) Measurements were taken as shown on Section A above.
i T T ] ededs 1 | & M| 1 24 | j‘f‘fﬁ”ﬁ'pﬁ--m_;ﬁ% . pt 6) After measuring the hardness on each rod, the equipment readings
S AR :i: 4}_%_& | LN PR }: 4’7 l /_% iy wde(;?[.verllfled against a E[:ertlfled hardness reference block by taking 2
+ = : ‘sl | | } it IR N O = + additional measurements.
By & 1 T TRy % s-q-Lipa T T i I | TT - 8 .
T g E g L S/ S R : :::%‘ ok 1 GENERAL NOTES:
o 16 o1t Lo ¢ I+ ﬂ—ﬁ B et 9 T 5 ——Bn 15 S S T F-F N y Note 1: Field hardness equipment is subject to greater variability than lab equipment. In
=A== : e addition,factors including wind and difficult access conditions can contribute to
SECTION A-A SECTION B-B such variability.
NTS NTS
Revision No: | By: Date: MEASUREMENT LOGISTICS:

1) Recorded ambient temperature (Deg. F): 65 °F
2) Equipment Utilized: Krautkramer MIC 10 Hardness Tester
3) Measurements Standard: Rockwell C standard
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GENERAL PROCEDURE: SECTION A (TYP.)

1) Galvanizing was ground off the top surface of the rods using a grinder.

2) Suitable sand paper was lightly applied after grinding to achieve a
surface profile of 15 um or less per ASTM A1038.

3) A profile meter was utilized to ensure surface roughness is acceptable.

4) The surface was free from oil, grease, dust, rust, and surface coatings.

5) Measurements were taken as shown on Section A above.

6) After measuring the hardness on each rod, the equipment readings
were verified against a certified hardness reference block by taking 2
additional measurements.

GENERAL NOTES:

Note 1: Field hardness equipment is subject to greater variability than lab equipment. In
addition,factors including wind and difficult access conditions can contribute to
such variability.

Revision No: | By: Date:

SELF-ANCHORED SUSPENSION BRIDGE

Tower Foundation Rods
Hardness Readings - North Shaft

Drav\{nBy: MH SHEET
Date: 6/4/2013 NUMBER 12/13-|-N0rth

Anchor | _. Hardness Readings for 3" @ Rods Anchor | _. Hardness Readings for 3" @ Rods
Diameter Diameter
Rod 1 2 3 4 5 6 7 Rod 1 2 3 4 5 6 7
NO1 3" 36.2 | 34.9 | 339|329 | 331|345 | 358 N44 3" 36.9 | 35.2 | 33.9 | 33.3| 343|354 | 36.4
NO02 3" 36.1 | 35.4 | 33.8 316|327 |333|353 N45 3" 36.6 | 36.4 | 34.4 | 33.9 | 34.6 | 349 | 36.2
NO3 3" - - - - - - - N46 3" - - - - - - -
NO04 3" 35.9 [ 34.9 | 32.6 | 30.7 | 32.2 | 33.3 | 36.5 N47 3" 35.9 | 35.3 | 34.4 | 325 |33.7 | 34.2 | 36.0
N05 3" - - - - - - - N48 3" - - - - - - -
N06 3" 36.1 | 34.0 | 33.0 | 30.9 | 32.1 | 33.6 | 35.0 N49 3" 36.8 | 34.2 | 33.2 | 31.9 | 34.6 | 35.0 | 35.9
NO7 3" - - - - - - - N50 3" - - - - - - -
NO8 3" 36.6 | 33.3|33.2| 314 323|332 352 N51 3" 36.9 | 35.8 | 33.7 | 32.9 | 33.8 | 34.2 | 36.1
N09 3" 35.8 | 33.8 | 32.7 | 31.5 | 32.4 | 34.6 | 35.1 N52 3" 36.8 | 36.4 | 35.1 | 33.2 | 34.6 | 35.4 | 36.7
N10 3" - - - - - - - N53 3" - - - - - - -
N11 3" 35.5 | 33.5 | 31.6 | 30.6 | 31.7 | 32.9 | 34.1 N54 3" 36.8 | 36.6 | 34.8 | 32.7 | 33.7 | 35.8 | 37.5
N12 3" 36.9 | 35.1 | 34.7 | 31.2 | 34.8 | 35.6 | 36.2 N55 3" 36.1 | 34.3 334 (331|344 |351]|36.1
N13 3" 36.5 | 35.4 | 34.2 | 33.7 | 34.2 | 345 | 37.0 N56 3" - - - - - - -
N14 3" - - - - - - - N57 3" 36.8 | 34.8 | 33.3 | 30.0 | 32.9 | 33.3 | 35.9
N15 3" 37.0 | 36.4 | 35.3 | 31.7 | 35.0 | 35.9 | 36.3 N58 3" - - - - - - -
N16 3" - - - - - - - N59 3" 36.6 | 34.5 | 33.5 | 31.7 | 32.0 | 34.0 | 34.9
N23 3" 36.8 | 36.0 | 35.8 | 31.7 | 32.7 | 34.3 | 36.4 N60 3" - - - - - - -
N24 3" - - - - - - - N61 3" 36.1 | 34.6 | 32.8 | 31.7 | 31.8 | 34.0 | 35.7
N25 3" 36.9 | 35.0 | 34.2 | 31.7 | 33.6 | 34.4 | 35.9 N62 3" - - - - - - -
N26 3" - - - - - - - N63 3" 36.6 | 35.9 | 34.1| 30.4 | 33.9 | 34.8 | 36.7
N27 3" 36.8 | 34.8 | 34.3 | 32.4 | 345|353 | 36.4 N64 3" - - - - - - -
N28 3" - - - - - - - N65 3" 36.5 | 35.4 | 33.5 | 30.1 | 32.4 | 33.0 | 35.4
N29 3" 36.8 | 36.3 | 35.4 | 34.2 | 35.8 | 36.2 | 36.8 N66 3" - - - - - - -
N30 3" - - - - - - - N67 3" 35.8 | 34.1|33.7|30.9 | 339|347 | 36.4
N31 3" 36.4 | 36.1 | 355 | 34.4 | 34.6 | 35.0 | 36.8 N68 3" - - - - - - -
N32 3" - - - - - - - N69 3" 36.6 | 34.6 | 34.3 | 32.0 | 35.0 | 35.7 | 36.4
N33 3" 36.6 | 35.8 | 34.6 | 31.8 | 33.1 | 35.7 | 37.4 N70 3" 37.1|355 | 351|347 | 348 | 35.3 | 36.6
N34 3" - - - - - - - N71 3" - - - - - - -
N35 3" 36.3 | 35.4 | 35.1 | 34.5 | 34.7 | 36.5 | 36.6 N72 3" 36.1 | 35.8 | 35.4 | 32.0 | 34.1 | 35.7 | 36.2
N36 3" - - - - - - - N73 3" 36.4 | 35.1 | 34.1|31.3 | 335|354 | 36.9
N37 3" 36.5 | 35.1 | 34.4 | 31.4 | 33.1 | 33.8 | 36.1 N74 3" - - - - - - -
N38 3" 35.6 | 34.2 | 33.7 | 32.2 | 35.0 | 35.4 | 36.2 N75 3" 36.3 | 35.9 | 34.1|31.3|33.8|348 | 36.8
N39 3" 36.6 | 34.2 | 32.7 | 33.0 | 34.9 | 35.2 | 36.5 N76 3" - - - - - - -
N40 3" - - - - - - - N77 3" 36.6 | 35.5 | 33.7 | 30.7 | 33.6 | 35.4 | 35.8
N41 3" 34.8 | 34.0 | 345 | 33.0 | 32.2 | 32.9 | 355 N78 3" - - - - - - -
N42 3" - - - - - - - N79 3" 36.2 | 35.5| 349|322 | 344|350 | 36.3
N43 3" 36.2 | 34.1|32.8 (313|327 332|353 N80 3" 36.8 | 36.4 | 35.9 | 34.4 | 35.4 | 36.1 | 36.4
Averages 36.4 | 35.1| 341|322 |33.7 347 36.1
Field Average for 3"g Rods: 34.6 HRC
Average Hardness Readings from 2006 MTR's: 33.8 HRC
LEGEND:
° 4" diameter rod
o 3" diameter rod Anchor | _. Hardness Readings for 4" @ Rods
Diameter
® Dowel Rod 1 2 3 4 5 6 7 8 9
N17 4" 36.9 | 36.4 | 35.2 | 34.0 | 34.0 | 35.1 | 36.0 | 36.4 | 38.1
N18 4" 36.9 | 36.3 | 35.3 | 33.7 | 31.1| 34.8 | 35.0 | 36.7 | 37.7
N19 4" 37.2 | 36.7 | 36.2 | 35.2 | 33.9 | 35.4 | 35.9 | 36.1 | 36.1
N20 4" 37.4 | 36.8|34.4|34.4|323(357 359|360 37.1
MEASUREMENT LOGISTICS: N21 4" | 377[36.2|354[33.9|330/[347]|352]|355] 368
1) Recorded ambient temperature (Deg. F): 61 °F N22 4" 37.3 | 35.0 | 34.6 | 342 | 334 | 35.1| 35.0 | 36.7 | 36.7
2) Equipment Utilized: Krautkramer MIC 10 Averages 37.2 | 36.2 352|342 |33.0| 351|355 | 36.2| 37.1
Hardness Tester Field Average Hardness for 4"g Rods: 35.5 HRC

3) Measurements Standard: Rockwell C standard

Average Hardness Readings from 2006 MTR's: 33.2 HRC
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GENERAL PROCEDURE:
1) Galvanizing was ground off the top surface of the rods using a grinder.
2) Suitable sand paper was lightly applied after grinding to achieve a
surface profile of 15 um or less per ASTM A1038.
3) A profile meter was utilized to ensure surface roughness is acceptable.
4) The surface was free from oll, grease, dust, rust, and surface coatings.
5) Measurements were taken as shown on Section A above.
6) After measuring the hardness on each rod, the equipment readings
were verified against a certified hardness reference block by taking 2
additional measurements.
GENERAL NOTES:
Note 1: Field hardness equipment is subject to greater variability than lab equipment. In
addition,factors including wind and difficult access conditions can contribute to
such variability.

Revision No: | By: Date:

SELF-ANCHORED SUSPENSION BRIDGE

Tower Foundation Rods
Hardness Readings - South Shaft

Drav\{nBy: MH SHEET
Date: 6/8/2013 NUMBER 12/13-I-South

Anchor | _. Hardness Readings for 3" @ Rods Anchor | _. Hardness Readings for 3" @ Rods
Diameter Diameter
Rod 1 2 3 4 5 6 7 Rod 1 2 3 4 5 6 7
S01 3" 36.6 | 35.7 | 33.6 | 32.9 | 33.9 | 35.1 | 36.2 S44 3" - - - - - - -
S02 3" 36.7 | 35.0 | 33.8 | 31.2 | 33.6 | 35.1 | 36.9 S45 3" 35.0 | 34.0 | 33.5 | 32.9 | 33.8 | 35,5 | 36.9
S03 3" 36.4 | 35.9 | 33.2 | 30.2 | 31.2 | 33.3 | 34.8 S46 3" - - - - - - -
S04 3" - - - - - - - S47 3" 36.0 | 35.5 | 34.0 | 32.4 | 34.3 | 35.6 | 36.8
S05 3" 36.6 | 35.4 | 34.4 | 33.1| 34.8 | 35.3 | 36.9 S48 3" - - - - - - -
S06 3" - - - - - - - S49 3" 36.9 | 35.1 | 34.8 | 33.7 | 34.6 | 35,5 | 35.8
S07 3" 36.9 | 35.2 | 34.1| 30.2 | 32.9 | 35.4 | 35.7 S50 3" - - - - - - -
S08 3" - - - - - - - S51 3" 36.3 | 34.2 | 33.7 | 32.6 | 33.4 | 35.8 | 35.3
S09 3" 36.7 | 35.7 | 345 | 316 | 34.7 | 354 | 36.1 S52 3" - - - - - - -
S10 3" - - - - - - - S53 3" 36.4 | 35.3 | 34.2 | 315 | 33.7 | 34.2 | 35.3
S11 3" 35.7 | 34.6 | 33.7 | 30.7 | 32.7 | 34.2 | 35.5 S54 3" 35.3|35.0|33.1|31.6|323]|345|355
S12 3" 36.3 | 35.8 | 34.0 | 33.0 | 33.4 | 35.5 | 35.9 S55 3" 35.4 | 35.0|34.0| 32.3| 32.7 | 35.3 | 36.2
S13 3" - - - - - - - S56 3" - - - - - - -
S14 3" 355 | 351|339 |315| 350 | 35.7 | 37.3 S57 3" 36.2 | 34.8 | 33.5 | 33.0 | 34.8 | 35.1 | 36.2
S15 3" - - - - - - - S58 3" - - - - - - -
S16 3" 37.3 359|335 |349| 355 | 37.1| 374 S59 3" 36.7 | 35.2 | 34.1| 32.4 | 33.9 | 35.7 | 36.0
S23 3" 37.3 353|346 | 31.7 | 33.8 | 345 | 36.6 S60 3" - - - - - - -
S24 3" - - - - - - - S61 3" 36.6 | 34.2 | 33.1| 32.6 | 34.1| 35.9 | 35.8
S25 3" 37.6 | 35.9 | 33.9 | 33.0| 35.1 | 36.6 | 37.0 S62 3" - - - - - - -
S26 3" - - - - - - - S63 3" 36.6 | 34.4 329|319 |325| 34.1| 36.5
S27 3" 36.8 | 35.9 | 35.7 | 34.4 | 35.2 | 35.8 | 37.0 S64 3" - - - - - - -
528 3" - - - - - - - S65 3" 35.1|34.4|33.7 | 33.6 | 335 | 343 | 35.1
S29 3" 36.9 | 35.7 | 34.8 | 33.1| 334 | 35.1| 35.3 S66 3" - - - - - - -
S30 3" - - - - - - - S67 3" 36.8 | 34.6 | 32.9 | 30.7 | 31.9 | 34.4 | 36.5
S31 3" 37.0 | 35.7 | 35.3 | 33.1 | 33.6 | 35.0 | 36.1 S68 3" - - - - - - -
S32 3" - - - - - - - S69 3" 35.9 | 35.0 | 34.7 | 33.3 | 34.1| 355 | 36.1
S33 3" 36.2 | 35.9 | 35.0 | 32.0 | 34.7 | 35.8 | 37.1 S70 3" 36.0 | 34.4 | 326 | 32.1 | 33.7 | 35,5 | 36.3
S34 3" - - - - - - - S71 3" 36.0 | 35.5 | 33.0 | 32.0 | 33.5 | 34.6 | 36.6
S35 3" 36.1 | 35.3 | 32.4 | 33.3 | 35.3 | 35.8 | 36.8 S72 3" - - - - - - -
S36 3" - - - - - - - S73 3" 36.0 | 35.0 | 34.7 | 33.3 | 345 | 35.1 | 36.8
S37 3" 35.9| 352|345 |334 | 350|355 | 36.1 S74 3" - - - - - - -
S38 3" 35.9|35.0|334|320| 333|342 | 354 S75 3" 36.6 | 35.1 | 34.6 | 32.8 | 345 | 35.0 | 35.5
S39 3" 35.3|346|33.1|328| 330|345 | 36.2 S76 3" - - - - - - -
S40 3" - - - - - - - S77 3" 36.1 | 35,5 | 34.2 | 324 | 345 | 35.2 | 36.2
S41 3" 36.0 | 35.0 | 34.2 | 32.9 | 33.2 | 33.7 | 35.8 S78 3" 36.9 | 35.7 | 34.3 | 32.9 | 349 | 35.0 | 355
S42 3" 36.3 | 35.8 | 33.7 | 32.4 | 34.4 | 34.8 | 36.3 S79 3" 35.7 | 34.0 | 33.6 | 30.3 | 33.2 | 334 | 34.7
S43 3" 35.7 | 35.1| 335 | 33.1| 332|349 36.1 S80 3" - - - - - - -
Averages 36.3 | 35.2 | 339|324 |338| 351 36.1
Field Average for 3"g Rods: 34.7 HRC
Average Hardness Readings from 2006 MTR's: 33.8 HRC
LEGEND:
. 4" diameter rod
o 3" diameter rod Anchor Diameter Hardness Readings for 4" @ Rods
Rod 1 2 3 4 5 6 7 8 9
® Dowel
S17 4" 37.4 | 36.6 | 346 | 33.9 | 32.7 | 35.0 | 35.7 | 37.3 | 37.6
S18 4" 37.2 | 359|350 |326|31.7|34.2| 356|365 | 36.1
S19 4" 36.3 | 35.3 | 346 | 33.4 | 346 | 32.8 | 35.8 | 36.1 | 36.6
S20 4" 36.6 | 34.4 | 33.7 | 32.0 | 31.8 | 34.8 | 35.4 | 35.6 | 36.0
MEASUREMENT LOGISTICS: S21 4" 38.3|37.0|365|352| 341|353 362|364 | 37.1
1) Recorded ambient temperature (Deg. F): 61 °F S22 4 3751357 | 351 331|326 | 355 1 356 | 369 374
Averages 37.2 | 35.8 | 34.9 | 334 | 329 | 34.6 | 35.7 | 36.5 | 36.8

2) Equipment Utilized: Krautkramer MIC 10
Hardness Tester
3) Measurements Standard: Rockwell C standard

Field Average Hardness for 4"g Rods: 35.3 HRC
Average Hardness Readings from 2006 MTR's: 33.2 HRC
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SECTION A (TYP.)

1) Galvanizing was ground off the top surface of the rods using a grinder.
2) Suitable sand paper was lightly applied after grinding to achieve a

surface profile of 15 um or less per ASTM A1038.

3) A profile meter was utilized to ensure surface roughness is acceptable.
4) The surface was free from oll, grease, dust, rust, and surface coatings.

5) Measurements were taken as shown on Section A above.

6) After measuring the hardness on each rod, the equipment readings
were verified against a certified hardness reference block by taking 2

additional measurements.

GENERAL NOTES:

Note 1: Field hardness equipment is subject to greater variability than lab equipment. In
addition,factors including wind and difficult access conditions can contribute to

such variability.

Revision No:__ By: Date: SELF-ANCHORED SUSPENSION BRIDGE

Tower Foundation

Rods

Hardness Readings - East Shaft

Drawn By: | MH
Date: 6/8/2013

SHEET
NUMBER

12/13-I-East

Anchor | _. Hardness Readings for 3" @ Rods Anchor | _. Hardness Readings for 3" @ Rods
Diameter Diameter
Rod 1 2 3 4 5 6 7 Rod 1 2 3 4 5 6 7
EO1 3" 36.0 | 35.2 | 346 | 33.3 | 339|346 | 354 E44 3" 357|345 (349|327 | 339|359 36.3
E02 3" 36.2 | 35.5|33.4 | 322 | 338|349 36.3 E45 3" 35.9 | 34.8 | 34.0 | 324 | 339|347 | 355
EO03 3" 35.0 | 33.6 | 34.0 | 32.0 | 32.1 | 33.6 | 35.7 E46 3" 35.6 | 34.6 | 335 | 31.6 | 33.5 | 33.8 | 36.6
E04 3" - - - - - - - E47 3" - - - - - - -
EO05 3" 35.0 | 34.5 | 322|320 | 33.6 | 34.4 | 35.0 E48 3" 35.7 | 34.9 | 33.2 | 33.1 | 33.6 | 34.6 | 36.7
E06 3" - - - - - - - E49 3" - - - - - - -
E07 3" - - - - - - - E50 3" 35.7 | 34.9 | 32.7 | 32.2 | 34.6 | 35.1 | 35.9
EO08 3" 35.2 | 33.5| 326 | 33.2 | 348|355 | 36.2 E51 3" - - - - - - -
E09 3" 36.6 | 35.1 | 34.6 | 33.0 | 34.1 | 35.0 | 35.5 E52 3" 35.8 | 34.8 | 33.0 | 32.0 | 34.4 | 34.6 | 36.6
E10 3" - - - - - - - E53 3" 36.2 | 35.5|33.9|32.6|33.2|338| 344
E11 3" 35.8 349 |33.6|30.6|33.6|34.8| 353 E54 3" - - - - - - -
E12 3" 36.6 | 34.8 | 33.0 | 31.7 | 345 | 358 | 36.1 E55 3" 35.3 | 35.7|34.3| 339|352 | 357 | 36.7
E13 3" - - - - - - - E56 3" 36.2 | 35.2 | 33.7 | 31.8 | 32.7 | 34.6 | 36.4
E14 3" 359|343 |33.7|31.7| 331|355 | 36.5 E57 3" - - - - - - -
E15 3" - - - - - - - E58 3" 36.6 | 354 | 34.1| 312|339 (337|355
E16 3" 36.9 | 35.5 | 34.4 | 32.0 | 33.5 | 35.6 | 36.1 E59 3" - - - - - - -
E23 3" - - - - - - - E60 3" 36.5 | 35.1 | 33.8 | 30.8 | 32.7 | 34.6 | 35.2
E24 3" 36.1 359|357 | 326|346 | 35.1 | 36.0 E61 3" - - - - - - -
E25 3" - - - - - - - E62 3" 36.4 | 35.2 | 349|340 | 341|346 | 356
E26 3" 36.4 | 36.3 | 35.8 | 316 | 33.7 | 35.1 | 35.5 E63 3" - - - - - - -
E27 3" - - - - - - - E64 3" 36.8 | 34.8 | 34.0| 32.3 | 33.2 | 355 | 36.1
E28 3" 36.5|359|33.0|314|31.7 | 33.3| 359 E65 3" - - - - - - -
E29 3" - - - - - - - E66 3" 36.1 | 354 | 34.0 | 33.9 | 33.7 | 34.6 | 36.2
E30 3" 37.3136.3|350|33.3|34.6|359] 36.9 E67 3" - - - - - - -
E31 3" - - - - - - - E68 3" 35.8 | 34.1|33.4 (319|324 (345|353
E32 3" 36.4 | 351|335 | 325 | 350 | 35.8 | 36.1 E69 3" - - - - - - -
E33 3" - - - - - - - E70 3" 359 |34.0 (333 321|34.2 | 356 | 36.3
E34 3" 35.1|33.6 | 334 | 33.1| 34.8 | 359 | 36.3 E71 3" - - - - - - -
E35 3" 36.8 | 35.1|34.6 | 344 | 35.0 | 35.1| 36.0 E72 3" 35.7 | 33.8 | 33.1| 32.6 | 335 | 359 | 36.4
E36 3" 36.1 | 34.3 | 33.9 | 30.7 | 32.0 | 34.4 | 35.0 E73 3" 35.7 | 34.9 | 33.0 | 30.2 | 32.7 | 35.8 | 35.9
E37 3" 36.4 | 36.1| 355 | 328 | 329 | 33.6 | 36.5 E74 3" 35.3 352|334 |305|31.8| 343 36.2
E38 3" - - - - - - - E75 3" - - - - - - -
E39 3" 37.0 | 36.0 | 34.9 | 33.7 | 34.0 | 35.5 | 36.9 E76 3" 35.6 | 34.5| 342 (312|326 |34.7 | 36.7
E40 3" - - - - - - - E77 3" - - - - - - -
E41 3" 37.2 1353|350 (317 | 323 | 34.1| 354 E78 3" 35.2 | 34.2 | 33.9 | 33.0 | 34.8 | 353 | 36.0
E42 3" 36.6 | 34.2 | 32.7 | 32.6 | 34.5 | 34.9 | 36.6 E79 3" 36.3 | 34.7 | 32.8 | 31.3 | 32.5 | 35.0 | 36.8
E43 3" - - - - - - - E80 3" - - - - - - -
Averages 36.1| 349 | 339 | 32.3 | 33.6 | 34.9 | 36.0
Field Average for 3"g Rods: 34.5 HRC
Average Hardness Readings from 2006 MTR's: 33.8 HRC
LEGEND:
'3 4" diameter rod
R 3" diameter rod Anchor Diameter Hardness Readings for 4" @ Rods
Rod 1 2 3 4 5 6 7 8 9
® Dowel
E17 4" 37.8 | 36.7 | 36.4 | 34.5 | 33.1|33.8 | 346 | 34.8 | 35.6
E18 4" 37.8 |36.2 | 351|347 | 318|344 | 356 | 36.8 | 37.2
E19 4" 37.7 | 36.5 | 36.5 | 36.1 | 32.7 | 35.7 | 36.4 | 37.0 | 37.3
E20 4" 371|369 | 353 |34.3|30.0|324 330353357
MEASUREMENT LOGISTICS: E21 4" | 36.9 | 35.4 | 33.8 | 32.2 | 32.5 | 34.8 | 35.6 | 36.8 | 37.3
1) Recorded ambient temperature (Deg. F): 73 °F E22 4" | 369 | 352 | 34.4 | 331 | 30.8 | 32.2 | 34.1| 35.9 | 36.3
2) Equipment Utilized: Krautkramer MIC 10 Averages 374 362|353 | 342|318 339|349 36.1| 366

Hardness Tester
3) Measurements Standard: Rockwell C standard

Field Average Hardness for 4"g Rods: 35.1 HRC
Average Hardness Readings from 2006 MTR's: 33.2 HRC
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GENERAL PROCEDURE: SECTIONA (TYP.)

1) Galvanizing was ground off the top surface of the rods using a grinder.
2) Suitable sand paper was lightly applied after grinding to achieve a
surface profile of 15 um or less per ASTM A1038.
3) A profile meter was utilized to ensure surface roughness is acceptable.
4) The surface was free from oil, grease, dust, rust, and surface coatings.
5) Measurements were taken as shown on Section A above.
6) After measuring the hardness on each rod, the equipment readings
were verified against a certified hardness reference block by taking 2
additional measurements.
GENERAL NOTES:
Note 1: Field hardness equipment is subject to greater variability than lab equipment. In
addition,factors including wind and difficult access conditions can contribute to
such variability.

Revision No: | By: Date:

SELF-ANCHORED SUSPENSION BRIDGE

Tower Foundation Rods
Hardness Readings - West Shaft

Drav\{nBy: MH SHEET
Date: 6/8/2013 NUMBER 12/13-|-West

Anchor | _. Hardness Readings for 3" @ Rods Anchor | _. Hardness Readings for 3" @ Rods
Diameter Diameter
Rod 1 2 3 4 5 6 7 Rod 1 2 3 4 5 6 7
W01 3" 36.2 | 34.0 | 32.8 | 31.1 | 32.4 | 34.2 | 35.7 w44 3" 35.5 | 34.9 | 33.6 | 31.1 | 33.1 | 34.7 | 36.5
W02 3" 36.3 | 34.7 | 33.2 | 31.4 | 32.2 | 34.2 | 35.9 W45 3" 36.2 | 34.6 | 32.1 | 31.5 | 33.7 | 35.1 | 36.3
W03 3" 36.0 | 34.6 | 33.8 | 31.9| 33.7 | 34.3 | 35.1 W46 3" - - - - - - -
W04 3" - - - - - - - w47 3" 37.1| 354|334 (329|343 (353|357
W05 3" 35.8 | 34.3 | 325 |31.5| 32,9 | 33.9 | 35.7 w48 3" - - - - - - -
W06 3" - - - - - - - W49 3" 38.4 | 37.4 | 334|327 | 340|352 | 36.6
WO07 3" 36.4 | 34.8 | 32.7 | 31.3 | 32.3 | 33.1| 36.4 W50 3" - - - - - - -
W08 3" - - - - - - - W51 3" 36.1 | 353|329 |31.5|329 341|359
W09 3" 36.1 | 35.3 | 33.3 | 31.4 | 32.0 | 33.3 | 34.8 W52 3" - - - - - - -
W10 3" - - - - - - - W53 3" 37.1|36.3|348|334|342 353|368
W11 3" 36.1 | 355 | 34.1| 321|333 34.1|355 W54 3" 37.8 | 36.1| 359|349 | 356|362 | 37.3
W12 3" - - - - - - - W55 3" 37.4 | 36.4|359|31.3|325| 35.1| 36.8
W13 3" 36.2 | 34.4 | 322|316 | 33.3|353| 36.8 W56 3" - - - - - - -
W14 3" 36.0 | 35.7 | 35.5 | 32.1 | 33.4 | 35.4 | 36.5 W57 3" 36.1 | 34.8 |32.8|31.7 344|350 | 37.1
W15 3" - - - - - - - W58 3" - - - - - - -
W16 3" 36.9 | 34.9 | 33.8 | 31.8 | 33.9 | 35.4 | 37.3 W59 3" - - - - - - -
W23 3" - - - - - - - W60 3" - - - - - - -
W24 3" 37.3 [ 35.0 | 33.9 | 29.7 | 34.4 | 34.6 | 36.4 W61 3" 35.6 | 34.3|33.3 (314|320 349 | 356
W25 3" - - - - - - - W62 3" - - - - - - -
W26 3" 36.6 | 35.2 | 34.8 | 31.8 | 33.3 | 35.4 | 36.4 W63 3" 37.8 | 36.3 | 33.7 | 32.4 | 33.7 | 345 | 37.6
W27 3" - - - - - - - W64 3" - - - - - - -
W28 3" 38.1 | 353|340 |33.4 358 |36.3|36.9 W65 3" 37.5|35.7 | 34.6 | 33.7 | 33.8 | 34.3 | 355
W29 3" - - - - - - - W66 3" - - - - - - -
W30 3" 37.3 [ 36.8 | 35.0 | 33.2 | 34.4 | 36.4 | 37.6 W67 3" 36.6 | 34.1|33.7 | 32.6 | 33.1| 343 | 36.2
W31 3" - - - - - - - W68 3" - - - - - - -
W32 3" 37.8 | 36.7 | 35.7 | 34.1| 36.0 | 36.9 | 37.5 W69 3" 36.8 | 35.9 | 34.1|31.8 | 329|335 35.2
W33 3" - - - - - - - W70 3" 36.2 | 35.6 | 34.5 | 32.8 | 33.6 | 34.8 | 35.3
W34 3" 38.4 | 37.0 | 345 | 34.2 | 34.3 | 355 | 36.6 w71 3" - - - - - - -
W35 3" 37.3 | 36.6 | 34.8 | 31.3 | 345 | 36.4 | 36.2 W72 3" 37.0 | 36.2 | 34.8 | 32.3 | 35.2 | 35.8 | 36.6
W36 3" - - - - - - - W73 3" 36.8 | 36.0 | 34.8 | 31.3 | 33.5 | 34.8 | 35.8
W37 3" 36.6 | 34.7 | 33.4 | 33.4 | 35.4 | 35.8 | 36.2 W74 3" - - - - - - -
W38 3" 35.9 | 345 | 33.4 | 33.3 | 34.6 | 35.8 | 36.6 W75 3" 35.7 | 34.0 | 33.5 | 31.7 | 32.9 | 33.2 | 35.3
W39 3" 35.9 | 34.5 | 33.6 | 31.0 | 33.3 | 35.0 | 35.3 W76 3" - - - - - - -
W40 3" - - - - - - - W77 3" 36.6 | 35.6 | 34.3 | 31.0 | 32.5 | 33.5 | 35.7
W41 3" 36.1 | 35.3 | 33.8 | 33.7 | 346 | 35.6 | 35.5 W78 3" - - - - - - -
W42 3" 36.2 | 35.3 | 34.3 | 32.7 | 343|357 | 36.5 W79 3" 37.0 | 36.2 | 35.2 | 32.0 | 35.2 | 35.9 | 37.1
W43 3" - - - - - - - W80 3" 36.6 | 34.3 | 34.2 | 324|327 | 346 | 36.6
Averages 36.7 | 35.4 | 34.0 | 32.2 | 33.7 | 34.9 | 36.3
Field Average for 3"g Rods: 34.7 HRC
Average Hardness Readings from 2006 MTR's: 33.8 HRC
LEGEND:
° 4" diameter rod
o 3" diameter rod Anchor Diameter Hardness Readings for 4" @ Rods
® Dowel Rod 1 2 3 4 5 6 7 8 9
W17 4" 37.6 | 36.6 | 36.0 | 34.8 | 31.5 | 34.4 | 34.6 | 36.9 | 37.9
w18 4" 37.3|36.2 | 351|349 |31.4 (322|340 | 356 | 37.7
W19 4" 38.4 | 36.9 | 35.8 | 35.4 | 32.5 | 34.8 | 35.9 | 37.0 | 37.7
W20 4" 38.0 | 37.4 | 36.9 | 35.6 | 33.4 | 34.6 | 36.7 | 36.8 | 37.6
MEASUREMENT LOGISTICS: W21 4" | 38.0 356|339 336|335 352|356 | 37.0 | 37.2
1) Recorded ambient temperature (Deg. F): 61 °F w22 4" 36.7 | 35.5 | 34.5 | 33.3 | 33.1 | 345 | 348 | 36.0 | 37.5
2) Equipment Utilized: Krautkramer MIC 10 Averages 37.7 | 36.4 | 35.4 | 346 | 32.6 | 34.3 | 35.3 | 36.6 | 37.6

Hardness Tester

3) Measurements Standard: Rockwell C standard

Field Average Hardness for 4"g Rods: 35.6 HRC
Average Hardness Readings from 2006 MTR's: 33.2 HRC
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Anchor Hardness Readings for 4" @ Rods
Diameter
Rod 1 2 3 4 5 6 7 8 9
cE-4 4" 363 (353338324 314|329 |349 | 36.2| 376 3u
cE-5 4" 373 | 354339 | 337 1322|342 |345 | 36.4 | 376
cE-6 4" 373|366 351350 337|346 |348 365|378 SECTION A (TYP.)
cE-7 4" 367 | 355346 |1 329 314 | 338|354 | 36.6 | 36.8
cE-8 4" 362 | 353|345 |335 (325357 (362|366 | 37.0
cE-9 4" 362|353 |336|326 | 311338353365 37.0
cW-4 4" 364 | 359|350 (341 |332|344 356|364 (366 LEGEND:
cW-5 4" 3711368 | 358|349 | 32.0| 346 | 35.0 ) 353 | 36.1 . 4" diameter rod
cW-6 4" 1366 |36.2 350349328346 355 36.0 | 36.4 o 3% giameter rod
cW-7 4" 37.8 136.2|359|345|334|342|352| 364 | 36.6
cW-8 4" | 365|358 | 355 | 34.8 | 32.6 | 34.6 | 35.3 | 36.1 | 37.4 ®  Dowel
cW-9 4" 36.7 | 36.4 | 35.1| 33.2 | 32.6 | 34.3 | 35.2 | 36.7 | 37.3
Averages 36.8 1359|348 | 339|324 |34.3| 352 | 36.3|37.0
Field Average Hardness for 3" Rods: 34.6 HRC MEASUREMENT LOGISTICS:

Average Hardness Reading for 2006 MTR's: 33.8 HRC

Field Average Hardness for 4"g Rods: 35.2 HRC
Average Hardness Reading for 2006 MTR's: 33.2 HRC

1) Recorded ambient temperature (Deg. F): 66 °F

2) Equipment Utilized: Krautkramer MIC 10
Hardness Tester

3) Measurements Standard: Rockwell C standard
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Hardness Readings
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Anchor | . Hardness Readings for 3" @ Rods Anchor | . Hardness Readings for 3" @ Rods
Diameter Diameter
Rod 1 2 3 4 5 6 7 Rod 1 2 3 4 5 6 7
a1N-1 3" - - - - - - - b2W-5 3" 36.1 | 34.7 | 33.6 | 30.9 | 33.9 | 34.3 | 35.9
a1N-2 3" 36.3 | 36.0 | 34.5 | 33.1 | 346 | 355 | 36.1 b2W-6 3" - - - - - - -
ai1N-3 3" - - - - - - - cE-1 3" 36.8 | 35.8 | 34.7 | 324 | 35.0 | 35.2 | 36.7
al1N-4 3" 36.2 | 343|329 | 31.7 | 32.8 | 33.3 | 35.7 cE-2 3" - - - - - - -
a2N-1 3" - - - - - - - cE-3 3" 36.6 | 354 | 34.0| 318 | 34.2 | 36.3 | 371
a2N-2 3" 36.6 | 35.7 | 34.3 | 31.6 | 33.2 | 33.1 | 36.2 cE-10 3" 36.3 | 35.1| 33.0 | 30.7 | 329 | 33.6 | 36.4
a1S-1 3" 38.0 | 353|346 | 344 | 350 | 355 | 38.7 cE-11 3" 36.4 | 35.0 | 32.8 | 32.0 | 34.5 | 35.3 | 36.9
al1S-2 3" - - - - - - - cE-12 3" - - - - - - -
a1S-3 3" - - - - - - - cE-13 3" - - - - - - -
a1S-4 3" 35.7 | 34.8 | 336|319 |33.2|342 | 36.2 cE-14 3" 36.5| 350|349 | 33.2 | 348 | 36.6 | 36.7
a2S5-1 3" - - - - - - - cE-15 3" 36.3 | 35.5|33.8| 329|346 | 356 | 35.9
a2S-2 3" 358|342 | 331|314 | 349 | 356 | 36.0 cE-16 3" 36.9 | 35.5|33.6 | 33.0 | 355 | 355 | 36.4
b1E-1 3" 37.2 1363|349 |33.8| 33.1| 351 | 36.6 cE-17 3" - - - - - - -
b1E-2 3" - - - - - - - cE-18 3" 36.3 | 35.0 | 34.7 | 31.5 | 33.5 | 35.0 | 371
b1E-3 3" 36.2 | 34.7 | 344 | 31.7 | 33.2 | 33.6 | 355 cE-19 3" - - - - - - -
b1E-4 3" - - - - - - - cE-20 3" - - - - - - -
b1E-5 3" 36.4 | 35.0| 343|328 | 341|322 | 344 cE-21 3" 36.4 | 35.3 |34.6| 31.0 | 33.3 | 34.2 | 36.3
b1E-6 3" - - - - - - - cE-22 3" - - - - - - -
b1E-7 3" - - - - - - - cE-23 3" 35.8 | 356 |350|349 | 351 | 36.1| 37.0
b1E-8 3" 36.5|34.7 | 342 | 329 | 34.7 | 344 | 35.6 cE-24 3" - - - - - - -
b1E-9 3" 36.2 | 35.9 | 33.2|33.0 345 | 351 | 357 cE-25 3" 36.9 | 349 |34.0| 329 | 33.5 | 353 | 371
b1E-10 3" - - - - - - - cE-26 3" - - - - - - -
b1E-11 3" 36.3 | 34.3 | 33.6 | 33.1 | 33.5 | 339 | 354 cE-27 3" 36.7 | 35.8 | 345 | 32.0 | 344 | 36.1 | 36.5
b1E-12 3" - - - - - - - cE-28 3" 35.8 | 345 | 33.8|33.3|33.8|344 | 365
b2E-1 3" 35.7 | 341|339 | 322 | 33.2 | 342 | 36.1 cW-1 3" - - - - - - -
b2E-2 3" - - - - - - - cW-2 3" 36.5|34.7 | 345 | 331|343 | 358 | 35.7
b2E-3 3" 36.1 | 347 | 33.8 | 32.8 | 34.6 | 34.8 | 355 cW-3 3" 36.3 | 35.7 | 34.0 | 33.5 | 354 | 36.0 | 36.5
b2E-4 3" 35.5|33.7|33.2 | 33.0| 348|350 36.4 cW-10 3" 36.8 | 35.8 | 344 | 33.2 | 345 | 351 | 36.6
b2E-5 3" 354 |33.8|328| 323|338 |34.0 | 36.3 cW-11 3" 355|358 |34.0| 329|348 | 352 | 36.5
b2E-6 3" - - - - - - - cW-12 3" - - - - - - -
b1W-1 3" 359|349 |33.0| 316 | 33.0 | 34.0 | 35.6 cW-13 3" - - - - - - -
b1W-2 3" - - - - - - - cW-14 3" 35.7 | 353|344 | 329 | 331 | 34.7 | 36.2
b1W-3 3" 36.3 | 35.5 | 34.8 | 33.6 | 33.7 | 35.3 | 36.0 cW-15 3" 36.4 | 34.3 | 33.2 | 33.0 | 33.1 | 33.7 | 35.0
b1W-4 3" - - - - - - - cW-16 3" - - - - - - -
b1W-5 3" 35.6 | 34.6 | 33.5 | 32.1 | 33.3 | 34.0 | 35.7 cW-17 3" 36.0 | 354 | 34.3 | 342 | 33.3 | 341 | 36.6
b1W-6 3" - - - - - - - cW-18 3" - - - - - - -
b1W-7 3" 36.6 | 35.0 | 33.5| 31.0 | 32.2 | 33.2 | 34.2 cW-19 3" 36.3 | 34.0 | 33.8 | 33.2 | 34.3 | 35.9 | 36.2
b1W-8 3" - - - - - - - cW-20 3" - - - - - - -
b1W-9 3" 37.3 | 358|328 | 320 | 33.6 | 354 | 36.8 cW-21 3" 36.5|355|33.2| 346|342 | 351 | 36.2
b1W-10 3" - - - - - - - cW-22 3" - - - - - - -
b1W-11 3" 35.3 347|328 | 311|324 | 336 | 354 cW-23 3" 355|354 |326| 324|349 | 350 | 36.0
b1W-12 3" - - - - - - - cW-24 3" - - - - - - -
b2W-1 3" 35.7 | 349 | 33.3 | 321 | 33.0 | 344 | 359 cW-25 3" 35.6 | 35.0 | 33.4 | 30.7 | 33.3 | 346 | 355
b2W-2 3" - - - - - - - cW-26 3" 35.9|34.6 | 33.1| 326 | 345 | 345 | 35.0
b2W-3 3" 36.5|353| 34.1| 33.8 | 34.3 | 35.6 | 36.8 cW-27 3" 36.9 | 35.7 | 32.1| 322 | 336 | 35.1 | 36.4
b2W-4 3" - - - - - - - cW-28 3" - - - - - - -
GENERAL PROCEDURE: Averages 36.3 | 35.1 | 33.8 | 325 | 339 | 348 | 36.2

1) Galvanizing was ground off the top surface of the rods using a grinder.
2) Suitable sand paper was lightly applied after grinding to achieve a surface profile of 15 ym or less per ASTM A1038.
3) A profile meter was utilized to ensure surface roughness is acceptable.
4) The surface was free from oil, grease, dust, rust, and surface coatings.
5) Measurements were taken as shown on Section A above.

6) After measuring the hardness on each rod, the equipment readings were verified against a certified hardness reference block by
taking 2 additional measurements.

GENERAL NOTES:

Note 1: Field hardness equipment is subject to greater variability than lab equipment. In addition,factors including wind and difficult
access conditions can contribute to such variability.




N 1 1 Anchor Hardness Readings for 2" @ Rods
5 , | Z" a1 1w Rod |Diameter
N Cable (Typ) = Detail A | Vf 4 7 / 4 0 1 2 3 4 5
%/ [ e Cl S — l ¢ Herdness readings @ %% E1T 2" 355|336 _ | 334363
San Francisco i i . I E2T 2" 355|335 | g |333]352
il _ Toaspan ‘, 1 To PWS Anchorag E3T 2 [353[331]| 28332362
p— ————=Anchorage £
I (" o ] EAT | 2° |354 332 |%% 336354
i T I | | T Rots () EST | 2' |364335| 3 §|332]358
ctoteagee I 1] La gl nerdness reacing patien 00 O 00 E6T 2 [355][331|c 334367
I | * 1' $ $ | $ * * | U E7T 2" |35.8] 33.1 <§‘% °[33.9 | 355
A OQaklang_ C i i i . i i i i ) E8T 2" 36.4 | 33.3 33.0 | 35.8
ﬁ\ pond East Saddle | 2" E1B 2" [36.0[348][332]345][355
—“—“—'rl "E" Line hardnesff'e:agﬁgiso;a?té?r: DETA"_ B SECT'ON D (TYP) EzB 2" 370 347 339 353 364
| . E3B 2" 35.6 | 34.3 | 32.4 | 34.9 | 35.2
et (O Hend " E4B | 2' | 359|349 324 331 352
1" . . . . .
PLAN VIEW Lo mam Al A Esg | 20 [ 352 334 | 325 | 334 | 353
NTS EST ETT EET EST | E4T E3T E2T EIT 4 4 4 4 "
CL of Cable gast SDa(:d'IIer h Hardness readings @ in in in ,in EGB 2 365 343 327 343 357
ro?ies Iosa?ilon a?]l;iann:m(i)r:g 1/4" & 1/2" increments 2 1 2 1 2 2 E?B 2" 353 341 330 347 352
L E8B 2" 36.6 | 35.1| 34.1 | 355 | 36.1
—~— To Mainspan To PWS Anchorage / \ Averages 35.9 | 33.9 | 33.0 | 339 | 35.7
T s (4o Note: W-Line anchor rods were not tested for
See Section E for hardness readings.
hardness readings pattern (1)(2) (3) (4) (5) (6)(7)
I ) Field Average Hardness for 2"g Rods: 34.6 HRC
oL of Floombeam £2.& T Aroher Rods (fny 7 £88 €78 Average Hardness Readings from 2010
CL of Shear Key hardnessS(::aiiTSiso;a?té?; Certificate of Compliance: 36.6 HRC
DETAIL A TOP VIEW C-C 3
NTS NTS SECTIONE (TYP.)
GENERAL PROCEDURE:
1) Galvanizing was ground off the top surface of the rods using a grinder. LEGEND: v Read o 3 OR
2) Suitable sand paper was lightly applied after grinding to achieve a —_— Tie Diameter ardness Readings for 3 ods
surface profile of 15 ym or less per ASTM A1038. [ ] =2"¢ East Saddle Anchor rods Rod 1 2 3 4 5 6 7
3) A profile meter was utilized tp ensure surface roughness is acceptgble. [ =3"0 East Saddle Tie rods E1 3" 3751354 | 358 | 356 | 35.7 | 366 | 374
4) The surface was free from oil, grease, dust, rust, and surface coatings. E2 3" Adequate Surface Profile Could Not be Attained
5) Measurements were taken as shown on Section A above. .
. E3 3 349 |33.8|294 | 287 |314|316 ]| 325
6) After measuring the hardness on each rod, the equipment readings MEASUREMENT LOGISTICS: ) =’ 3 354 | 347 329 | 323 | 338 | 351 | 36.9
were verified against a certified hardness reference block by taking 2 1) Recorded ambient temperature (Deg. F): 66 °F 3" 36.2 33'9 31 '5 30'3 33.6 36.3 37'4
additional measurements. 2) Equipment Utilized: Krautkramer MIC 10 Hardness Tester ES . : : : : : : :
. 3) Measurements Standard: Rockwell C standard E6 3 35.8 | 34.2 | 33.6 | 31.8 | 33.6 | 34.5 | 35.8
GENERAL NOTES: E7 3" 35.0 | 34.3 | 33.8|33.7|34.0| 34.7 | 35.3
Note 1: Field hardness equipment is subject to greater variability than lab E8 3" 36.9 | 365 | 348 | 333 | 348 | 350 | 35.6
equipment. In addition,factors including wind and difficult access conditions E9 3" 36.1 34.8 33.2 32.4 33.0 33.9 34.2
can contribute tiesvi‘;‘::’N‘fr'is’:”'ty' T SELFANGHORED SUSPENSION BRIDGE Averages 36.0 | 34.7 | 33.1| 323 | 33.7 | 34.7 | 356
OBG I% g Note: W-Line tie rods were not tested for hardness Readings.
odas
East Saddle Anchor and Tie Rods Field Average Hardness for 3"g Rods: 34.3 HRC
Average Hardness Readings from 2010 QC Report: 33.6 HRC
Drawn By: | MH SHEET
Date: 6/8/2013 1 4/1 5_|_EAST

NUMBER




Panel Point Number (Typ.) ——@ 114) {116)
Detail A (Typ.)
X 1
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PLAN VIEW

NTS

GENERAL PROCEDURE:

1) Galvanizing was ground off the top surface of the rods using a grinder.

2) Suitable sand paper was lightly applied after grinding to achieve a
surface profile of 15 ym or less per ASTM A1038.

3) A profile meter was utilized to ensure surface roughness is acceptable.
4) The surface was free from oil, grease, dust, rust, and surface coatings.

5) Measurements were taken as shown on Section A above.

6) After measuring the hardness on each rod, the equipment readings
were verified against a certified hardness reference block by taking 2
additional measurements.

GENERAL NOTES:

_CL of Cable.

Detail B
(Typ at 3" Cable
Bracket Anchor Rods)

L of Bracket

3
1.

3" Cable Bracket

i

! ! Anchor Rods
(Typ. 4 per Bracket)

I N I

DETAIL A (Typ.)

NTS

Anchor | . Hardness Readings for 3" @ Rods
Diameter
Rod 1 2 3 4 5 6 7
W01 3" 36.6 | 359 | 339 | 335|344 | 351 | 36.4
W02 3" 35.7 | 35.1 | 33.7 | 31.0 | 33.7 | 34.7 | 36.0
W03 3" 36.3 | 34.0 | 334|329 | 34.2 | 350 36.5
W04 3" 36.0 | 345 | 333|315 |33.3|346 | 356
W05 3" 36.1 | 35.7 | 346 | 30.5 | 328 | 344 | 35.6
W06 3" 359|337 333|324 335|355 | 356
WQ07 3" 351|349 | 322|310 | 33.2 | 34.0 | 35.0
W08 3" 36.3 | 35,3 |33.0|329 345|357 | 36.4
W09 3" 36.7 | 341|323 | 304 | 33.3 | 35.6 | 36.5
W10 3" 35.3 | 335 |325| 309 | 322|334 | 35.1
W11 3" 35.0 | 34.7 | 33.8 | 33.5| 344 | 348 | 355
W12 3" 36.4 | 34.7 | 33.1| 32.1| 33.7 | 35.0 | 35.7
Averages 358 |34.7 | 33.3 | 319 | 33.6 | 348 | 35.8

LEGEND:

|:| = 3"g Cable Bracket Anchor Rods

Field Average Hardness: 34.3 HRC
Average Hardness Readings from 2011 MTR's: 35.5 HRC

MEASUREMENT LOGISTICS:

Note 1: Field hardness equipment is subject to greater variability than lab equipment. In
addition,factors including wind and difficult access conditions can contribute to

such variability.

Revision No: | By: Date:

SELF-ANCHORED SUSPENSION BRIDGE

Cable Bracket
Anchor Rods

Drawn By: | MH
Date: 6/8/2013

SHEET
NUMBER

16-I-WEST

1) Recorded ambient temperature (Deg. F): 66°F
2) Equipment Utilized: Krautkramer MIC 10 Hardness Tester

Note: E-Line anchor rods were not tested for hardness readings

1/4"

Hardness readings @

1/4"

1/4" & 1/2" increments

/

/1/4"
1/2"11/2"¢1/2"11 /A

3) Measurements Standard: Rockwell C standard

3
Detail B (Typ.)

1/4"
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SUMMARY OF ALL TEST 11l

Average Readings

Average Hardness - 2" Rods

Average Hardness - 3" Rods

40
40.4 + —+
38
+ +
38.5
36
§ 36.6 § 34
2 2
© [}
£ A‘ T
2 37 ” O 32
[ [
3 3
E /—-\-&_\ € 30 —A
=] o
« 32.8 = v- \ / \——J ==Item 3 (12 samples)
\/V 28 y —o—Item 9 (2 samples) ||
309 1 _| | =o=Item 4 (7 samples) ~fli—Item 12 (6 samples)
. T T
== Item 14 (2 samples) 26 “=f=Item 15 (1 sample)
+ ASTM + ASTM
29 T T T T T T T 7 7 24 T T T T T
0.000 0.200 0.400 0.600 0.800 1.000 1.200 1.400 1.600 1.800 2.000 0.000 0.500 1.000 1.500 2.000 2.500 3.000
Location (in.) Location (in.)
Average Hardness - 3.5" Rods Average Hardness - 4" Rods
38 45 40
+ +
- 40
36 + + 38
‘/\\ /*\ -3
36 +
34 &
a r 30 2 /\‘ \
g g 34 .
E 32 M 25 E / \
3 \ // + g2 1
230 - 20 g \/ + + \
-~ <
° g 30 vV
2 1 2 o
28 >0~
28
- 10
=¢=|tem 8 (2 samples)
26 —o—Item 7 (43 samples) | | 5 26 ~fi—Item 13 (3 samples) [
+ ASTM + ASTM
24 T T T T T 0 24 T T T T T T T
0.000 0.500 1.000 1.500 2.000 2.500 3.000 3.500 0.000 0.500 1.000 1.500 2.000 2.500 3.000 3.500 4.000
Location (in.) Location (in.)
Charpy
Item No. 20°F 70°F
2 B B
3 36.9 37.6
4 27.3 36.7
7 39.0 40.8
8 16.9 20.8
9 NNF 52.3 52.7
NTA 13.0 16.0
11 - -
12 39.1 41.8
13 31.7 36.3
14 - -
15 17.8 23.7
16 - -




Rockwell Hardness Testing Comparison Across the Diameter

ITEMS 3. 3" SHEAR KEY TOP RODS - TEST 11

ocationi(in) 3-11-1 3-11-2 3-11-3 3-11-4 3-11-5 3-11-6 3-11-7 3-11-8 3-11-9 3-11-10 3-11-11 3-11-12 Average
Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory
0.125 - 36.2 - 35.2 - 34.0 - 35.8 - 34.2 - 35.6 - 36.0 - 36.3 - 36.0 - 36.0 - 36.6 - 36.0 - 35.7
0.250 33.4 35.5 36.7 36.2 35.7 34.9 32.0 35.0 29.2 34.3 36.8 36.3 33.5 37.0 30.9 36.0 34.8 36.1 31.9 35.6 33.0 36.0 31.6 36.2 33.3 35.8
0.375 33.3 35.1 37.1 35.1 32.6 35.2 29.9 35.8 27.4 33.8 37.3 35.8 34.5 36.1 34.9 35.0 32.2 36.1 28.7 34.8 33.8 35.2 32.2 35.6 32.8 35.3
0.500 32.7 35.6 36.1 35.3 31.2 35.0 30.2 34.5 21.7 33.2 37.3 35.2 32.1 35.0 34.6 33.8 29.6 34.8 29.7 34.5 32.3 34.5 33.1 35.0 32.2 34.7
0.625 29.5 34.5 35.0 33.4 33.0 33.9 32.5 33.2 27.6 32.5 35.0 34.7 33.2 34.5 32.9 32.6 31.1 34.8 30.2 33.8 30.4 34.1 32.1 34.4 31.9 33.9
0.750 33.9 33.2 34.6 33.2 31.8 33.0 32.9 32.5 28.4 31.8 36.0 33.9 27.2 32.3 32.9 32.5 30.9 33.5 30.3 32.8 29.7 32.2 32.6 33.2 31.8 32.8
0.875 30.2 30.0 34.2 32.2 29.5 30.5 33.2 32.2 26.8 31.0 32.1 31.5 28.1 31.0 28.2 32.6 33.1 34.0 29.8 32.0 29.4 31.8 31.0 31.8 30.5 31.7
1.000 37.2 32.1 32.4 32.1 28.5 30.0 30.7 32.0 25.0 29.2 30.9 32.0 26.5 28.2 26.9 315 31.2 32.6 28.7 31.8 29.3 31.0 29.1 31.0 29.7 31.1
1.125 30.1 31.8 30.8 32.0 29.8 30.2 30.2 32.0 26.4 27.2 30.2 38.6 27.7 30.1 28.7 30.0 29.6 32.1 28.4 30.0 29.2 29.1 27.5 32.5 29.1 31.3
1.250 27.9 30.8 31.8 29.0 25.8 325 30.9 315 25.6 28.9 29.5 30.6 29.1 31.0 27.6 30.0 30.1 30.3 29.1 32.0 27.9 29.0 26.5 31.1 28.5 30.6
1.375 28.5 30.8 32.0 29.5 28.7 28.5 30.1 30.4 28.0 29.5 28.7 30.0 31.9 30.2 29.6 29.0 317 31.2 29.0 30.5 29.0 28.7 26.6 26.8 29.5 29.6
1.500 27.2 30.0 31.6 33.0 28.3 36.8 27.8 29.2 28.1 325 32.4 28.5 28.7 30.8 26.6 31.7 29.2 325 28.9 30.0 27.9 34.5 28.5 36.0 28.8 32.1
1.625 25.9 30.0 29.2 31.5 29.5 28.0 28.9 30.8 28.0 29.4 29.1 31.1 28.5 32.2 24.9 30.8 28.9 30.1 29.5 31.6 31.4 29.5 25.8 27.0 28.3 30.2
1.750 28.4 27.0 30.7 31.8 27.9 30.5 30.3 31.0 29.6 30.3 32.8 31.5 28.7 31.8 30.4 27.1 29.6 32.0 30.4 31.2 29.9 30.6 27.6 28.8 29.7 30.3
1.875 27.8 30.5 33.2 31.0 30.0 28.2 30.9 30.9 27.5 30.4 31.6 29.9 28.9 33.0 30.2 30.5 29.9 30.0 29.0 31.6 31.8 31.8 28.8 30.2 30.0 30.7
2.000 30.7 31.2 335 29.8 28.9 30.8 30.7 32.2 28.8 31.2 33.0 33.8 26.2 31.1 32.2 31.6 32.5 33.2 28.9 31.1 29.9 31.8 28.5 30.9 30.3 31.6
2.125 30.0 34.6 34.1 34.4 32.1 32.5 30.2 32.1 28.5 32.5 35.9 34.2 33.8 33.2 31.9 32.0 32.2 33.8 29.7 33.0 31.1 32.8 31.6 32.0 31.8 33.1
2.250 26.8 335 33.3 34.5 32.2 33.2 30.5 34.2 28.9 33.1 375 34.8 35.3 34.1 33.9 32.9 32.5 32.6 30.3 33.5 32.4 34.0 34.0 33.8 32.3 33.7
2.375 33.5 33.6 35.2 34.7 33.2 34.2 31.3 34.1 31.2 35.0 37.6 35.0 36.5 35.1 33.8 34.5 32.0 34.0 33.3 34.4 32.1 34.5 32.8 34.5 33.5 34.5
2.500 33.8 35.1 36.3 35.5 32.3 34.5 32.0 36.0 32.5 35.5 36.3 35.3 34.3 36.0 34.0 34.7 30.1 35.0 34.4 36.0 33.7 35.5 33.3 35.2 33.6 35.4
2.625 34.7 36.4 36.0 36.7 34.4 35.9 33.9 36.8 33.6 35.7 34.9 35.7 32.3 36.5 33.0 36.0 36.0 36.5 35.2 36.5 35.5 36.1 33.7 36.5 34.4 36.3
2.750 34.0 36.1 38.0 37.1 35.4 37.0 34.3 35.8 32.6 34.0 35.1 36.5 36.2 36.5 34.1 35.0 34.6 37.1 33.9 32.2 37.0 35.3 35.1 37.0 35.0 35.8
3-1I-1 3-11-2 3-11-3 3-11-4
+ + + + + + + +
38.0 38.0 & 38.0 38.0
0 e\ P PSR ! ™
[ ] ] [
S 340 N € 340 5 S 340
© © © ©
S 320 | S 320 - 5 S 320 |
+ +
2300 4 2 300 E 2300 4
3 3 v 3 3
280 - —o—Field © 280 —o—Field « —o—Field © 280 v —o—Field
26.0 Y i Laboratory 26.0 - Laboratory 26.0 = Laboratory 26.0 - Laboratory
+ ASTM Req. + ASTM Req. + ASTM Req. + ASTM Req.
24.0 . . . . - - 24.0 . . . . - - 24.0 . . . . - - 24.0 . . . . - -
0.000 0.500 1.000 1.500 2.000 2.500 3.000 0.000 0.500 1.000 1.500 2.000 2.500 3.000 0.000 0.500 1.000 1.500 2.000 2.500 3.000 0.000 0.500 1.000 1.500 2.000 2.500 3.000
Location (in.) Location (in.) Location (in.) Location (in.)
3-1I-5 3-1I-6 3-11-7 3-11-8
+ + + + + + + +
38.0 38.0 ¥ 38.0 38.0
» 36.0 » 36.0 w» 36.0 » 36.0 4
o ”in 3 3 8
S 34.0 - 5 340 5 34.0 - S 34.0 -
o m© m© ©
S 320 /\ S 320 | S 320 - S 320
: AN g : T = : .
2 300 2 300 2 300 2 300
.\ P — . 4 .
28.0 N Y *—¢ A4 —¢—Field 28.0 ¢ Field 28.0 V ¢ Field 28.0 o Field
26.0 i Laboratory 26.0 i Laboratory 26.0 i Laboratory 26.0 ~{i— Laboratory
+ ASTM Reg. + ASTM Reg. + ASTM Req. \‘ + ASTM Req.
24.0 . . . . - - 24.0 . . . . - - 24.0 . . . . - - 24.0 . . . . - -
0.000 0.500 1.000 1.500 2.000 2.500 3.000 0.000 0.500 1.000 1.500 2.000 2.500 3.000 0.000 0.500 1.000 1.500 2.000 2.500 3.000 0.000 0.500 1.000 1.500 2.000 2.500 3.000
Location (in.) Location (in.) Location (in.) Location (in.)
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Charpy V-Notch Impact Test

Charpy V-Notch Impact Energy Results (ft-1b)

Identification 3-11-1

3-11-6 3-11-7

3-11-9

Average

Temperature 40°F 70°F 40°F

40°F 70°F 40°F 70°F

40°F 70°F

Sample 1 36

37 36 36

N/A N/A

Sample 2 35

N/A N/A

Sample 3 36

N/A N/A

Average 35.7

36.9 37.6

Charpy Test Frequency Chart at 40°F
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Frequency

Charpy Test Frequency Chart at 70°F
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Spectrochemical Analysis

Spectrochemical Analysis

(Reported as Wt. %)

3-11-1 3-11-2 3-11-3 3-11-4 3-11-5 3-11-6 3-11-7 3-11-8 3-11-9 3-11-10 3-11-11 3-11-12 Average | ASTM 354
Aluminum Al 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.02 -
Carbon © 0.43 0.42 0.42 0.42 0.43 0.43 0.43 0.42 0.42 0.43 0.43 0.43 0.43 0.33-0.55
Chromium Cr 0.93 0.94 0.95 0.94 0.96 0.94 0.94 0.96 0.94 0.94 0.94 0.94 0.94 -
Cobalt Co 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 -
Columbium Ch <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 -
Copper Cu 0.22 0.23 0.22 0.21 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 -
Manganese Mn 0.86 0.86 0.86 0.87 0.88 0.85 0.85 0.88 0.86 0.86 0.85 0.85 0.86 0.57 min.
Molybdenum Mo 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 -
Nickel Ni 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 -
Phosporus P 0.017 0.017 0.018 0.017 0.018 0.016 0.017 0.018 0.017 0.016 0.016 0.016 0.017 0.040 max.
Silicon Si 0.28 0.28 0.27 0.28 0.27 0.28 0.28 0.27 0.28 0.28 0.28 0.28 0.28 -
Sulfur S 0.035 0.034 0.037 0.034 0.037 0.035 0.034 0.038 0.034 0.035 0.034 0.036 0.035 0.045 max.
Titanium Ti <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 -
Vanadium V 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 -




Rockwell Hardness Testing Comparison Across the Diameter

ITEM 4. 2" BEARING TOP RODS -TEST Il

e ) 4-11-1 4-11-2 4-11-3 4-11-4 4-11-5 4-11-6 4-11-7 Average
Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory
0.125 - 34.6 - 34.9 - 36.5 - 35.2 - 335 - 345 - 33.9 - 34.7
0.250 32.7 36.0 32.6 345 34.2 36.9 34.7 36.5 34.1 35.5 34.6 35.2 34.7 36.0 33.9 35.8
0.375 33.4 35.0 33.0 34.0 335 36.2 34.4 37.0 34.5 35.3 34.9 34.3 34.7 35.1 34.1 35.3
0.500 33.6 34.7 34.0 34,5 33.5 35.8 33.6 36.7 34.4 33.6 33.7 33.7 34.1 33.8 33.8 34.7
0.625 32.2 335 32.8 32.1 32.9 34.0 32.7 34.2 32.5 33.8 32.9 33.5 33.2 33.0 32.7 33.4
0.750 31.4 31.1 30.8 30.1 31.0 35.3 32.6 34.0 32.4 335 335 32.2 32.5 31.0 32.0 32.5
0.875 30.0 33.6 29.7 30.0 315 34.1 32.6 33.0 32.7 33.1 33.4 33.2 32.2 31.6 31.7 32.7
1.000 30.1 32.1 31.2 32.6 31.1 33.7 325 34.0 32.8 33.2 32.9 33.2 32.2 33.3 31.8 33.2
1.125 31.7 31.8 31.6 35.0 32.6 34.0 33.1 34.9 33.1 34.5 32.9 31.2 32.2 33.2 32.5 8815
1.250 32.7 335 335 34.5 33.6 34.0 33.8 34.0 34.1 33.1 33.6 32.8 334 33.5 33.5 33.6
1.375 33.6 35.1 34.1 35.6 33.4 36.7 34.4 35.5 34.7 34.8 36.0 35.0 33.9 33.9 34.3 35.2
1.500 334 35.7 345 35.5 33.8 37.0 36.0 37.0 35.1 34.8 35.9 35.2 35.2 35.2 34.8 35.8
1.625 33.4 35.8 34.1 34.5 33.7 37.0 35.6 35.9 35.0 36.2 35.7 35.2 35.5 36.0 34.7 35.8
1.750 32,5 34.4 34.8 36.8 34.2 34.8 34.0 36.1 35.4 35.2 34.4 33.1 35.3 35.2 34.4 35.1
4-11-1 4-11-2 4-11-3 4-11-4
+ + + + + +
38.0 38.0 38.0
o 36.0 ./I\-\ /.;.\. o 360 Y  36.0 - ) N\ @
] ] U w
£ 340 £ 300 ’M £ 300 - — ) £
: : <~ /7 + 5 :
O 32.0 o 32.0 o 32.0 (]
3 3 5 N—~—~" 3
2 300 —r> 2 300 2 300 2 300
3 3 3 3
= 28.0 == Field 28,0 o= Field = 28.0 o= Field 28,0 —o—Field
26.0 ~{li=Laboratory 26.0 == Laboratory 26.0 ~{i=Laboratory 26.0 ~{i=Laboratory
+ ASTM Req. + ASTM Req. + ASTM Req. + ASTM Req.
24.0 . . . . . . . - : 24.0 . . . . . . . - : 24.0 . . . . . . . - . 24.0 . . . . . . . - - .
0.000 0.200 0.400 0.600 0.800 1.000 1.200 1.400 1.600 1.800 2.000 0.000 0.200 0.400 0.600 0.800 1.000 1.200 1.400 1.600 1.800 2.000 0.000 0.200 0400 0.600 0.800 1.000 1.200 1.400 1.600 1.800 2.000 0.000 0.200 0.400 0.600 0.800 1.000 1.200 1.400 1.600 1.800 2.000
Location (in.) Location (in.) Location (in.) Location (in.)
4-11-5 4-11-6 4-11-7 Average
+ + + + + + + +
38.0 38.0 38.0 38.0
» 36.0 » 36.0 H— ,» 36.0 » 36.0
S 34.0 - 5 340 5 34.0 S 340 |
+ =+ - + +
O 320 C 320 N’ © 320 o 32.0 >—0
] T ] ]
% 30.0 % 30.0 % 30.0 % 30.0
o o o o
= 28.0 —t—Field = 28.0 == Field % 28.0 —o—Field = 280 —o—Field
26.0 ~{i=Laboratory 26.0 == Laboratory 26.0 == Laboratory 26.0 = Laboratory
+ ASTM Req. + ASTM Req. + ASTM Req. + ASTM Req.
24.0 : : . . . . . - . 24.0 . . ‘ ‘ ‘ ‘ ‘ : : 24.0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ : ‘ 24.0 ‘ . . . . . . : : :
0.000 0.200 0.400 0.600 0.800 1.000 1.200 1.400 1.600 1.800 2.000 0.000 0.200 0.400 0.600 0.800 1.000 1200 1.400 1.600 1.800 2.000 0.000 0.200 0.400 0.600 0.800 1.000 1.200 1.400 1600 1.800 2.000 0.000 0200 0400 0.600 0.800 1.000 1.200 1.400 1.600 1.800 2.000

Location (in.)

Location (in.)

Location (in.)

Location (in.)




Charpy V-Notch Impact Test

Charpy V-Notch Impact Energy Results (ft-1b)

Identification 4-11-1 4-11-2 4-11-3 4-11-4 4-11-5 4-11-6 4117 Average
Temperature | 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F
Sample 1 29 38 28 37 31 37 29 37 26 37 26 29 26 33 N/A N/A
Sample 2 29 39 29 39 30 375 30 39 26 36 24 39 25 33 N/A N/A
Sample 3 28 395 27 40 28 37 29 40 26 34 24 37 23 33 N/A N/A
Average 28.7 388 28.0 38.7 29.7 37.2 29.3 38.7 26.0 35.7 24.7 35.0 24.7 33.0 27.3 36.7
Charpy Test Frequency Chart at 40°F Charpy Test Frequency Chart at 70°F
6 7
5 6
5
4
$3 ]
g g3
2
2
1 1
0 0
10-15 15-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 10-15 15-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55
Energy Absorbed (ft-Ibs) Energy Absorbed (ft-lbs)
Spectrochemical Analysis
Spectrochemical Analysis
(Reported as Wt. %)
4-11-1 4-11-2 4-11-3 4-11-4 4-11-5 4-11-6 4-11-7 Average | ASTM 354
Aluminum Al 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 -
Carbon C 0.42 0.41 041 0.42 0.42 0.41 0.42 0.42 0.33-0.55
Chromium Cr 0.93 0.93 0.93 0.94 0.94 0.94 0.94 0.94 -
Cobalt Co 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 -
Columbium Cb <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 -
Copper Cu 021 0.21 021 0.21 021 0.21 021 0.21 -
Manganese Mn 0.87 0.87 0.86 0.87 0.87 0.87 0.86 0.87 0.57 min.
Molybdenum Mo 0.19 0.19 0.19 0.19 0.19 0.19 0.18 0.19 -
Nickel Ni 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 -
Phosporus P 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024 | 0.040 max.
Silicon Si 0.26 0.26 0.26 0.26 0.26 0.25 0.25 0.26 -
Sulfur S 0.026 0.025 0.026 0.026 0.026 0.025 0.026 0.03 0.045 max.
Titanium Ti <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 -
Vanadium V <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 -




Rockwell Hardness Testing Comparison Across the Diameter

ITEM 7. 3.5" PWS ANCHOR RODS - TEST Il

7-11-W-029 7-11-W-039 7-11-W-041 7-11-W-046 7-11-048 7-11-W-049 7-11-W-066 7-11-W-069 7-11-W-076 7-11-1W-109 7-11-W-111 7-11-W-129 7-11-W-132
Location (in) OOH Cut oQY Rolled 0YG Rolled OYH Rolled oQY Rolled oYM Rolled OYH Rolled oQY Rolled OYL Rolled OYK Rolled 0YO Rolled oQY Rolled OYP Rolled
Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory
0.125 - 36.7 - 32.3 - 33.8 - 36.0 - 37.1 - 30.0 - 32.1 - 35.2 - 28.5 - 32.0 - 29.8 - 34.2 - 29.5
0.250 34.2 35.8 35.2 32.6 38.2 34.3 33.0 32.1 33.2 36.6 27.4 33.8 34.7 31.8 36.5 37.0 315 26.7 33.9 33.6 33.8 31.2 32.8 33.1 35.5 32.9
0.375 36.1 36.9 32.9 36.0 37.2 355 32.7 32.9 34.3 35.9 30.9 33.5 39.8 353 35.7 37.1 32.2 32.0 34.1 33.5 32.7 33.2 30.8 35.2 35.0 33.6
0.500 35.9 35.1 34.3 33.4 35.0 35.1 33.6 36.8 33.4 375 28.9 335 42.7 33.8 33.9 36.7 33.1 317 33.7 32.0 32.3 32.0 32.4 34.2 33.9 31.8
0.625 36.7 36.1 35.5 33.9 35.4 35.2 314 32.1 34.3 34.5 27.7 31.1 40.4 34.1 35.2 36.1 31.6 31.0 35.8 32.0 30.7 30.6 32.2 30.4 33.6 29.7
0.750 33.0 33.0 35.5 30.0 34.6 34.8 335 29.9 29.5 34.5 29.1 31.0 40.7 33.7 30.3 34.1 32.6 27.5 32.9 32.9 31.6 32.1 32.6 31.5 33.6 29.5
0.875 32.7 33.5 33.3 32.2 34.9 32.5 29.3 29.9 33.3 26.5 29.6 27.1 37.8 35.0 32.3 32.8 31.9 28.8 33.0 30.9 30.6 29.8 28.8 31.8 32.4 27.8
1.000 29.6 33.2 31.3 25.6 33.7 31.0 28.9 29.0 33.4 28.0 26.9 26.9 34.9 33.1 31.1 30.8 30.1 31.8 32.0 30.0 30.5 28.5 30.7 275 33.0 26.1
1.125 31.3 30.8 32.2 30.8 32.8 29.6 28.1 26.6 29.6 30.0 29.7 28.2 33.6 34.8 30.8 29.3 31.0 26.9 29.4 29.8 28.3 29.3 28.8 29.8 31.3 28.5
1.250 30.0 31.6 32.6 27.8 32.7 25.0 26.8 28.1 27.5 30.0 26.6 27.5 30.6 32.2 30.5 28.2 30.1 25.6 29.4 28.9 30.7 26.1 27.7 26.7 33.0 26.8
1.375 315 29.0 30.6 28.2 33.1 29.0 26.5 32.6 29.9 30.7 24.0 26.1 26.8 29.0 30.4 29.0 24.5 25.2 30.2 28.9 27.6 26.0 30.2 26.7 27.9 30.5
1.500 29.5 30.8 30.4 28.0 317 29.4 28.2 28.5 27.9 26.9 25.7 26.8 27.4 30.1 29.6 28.0 25.3 28.8 26.3 28.2 26.7 25.5 28.7 25.2 30.4 275
1.625 28.6 275 27.3 275 31.9 30.8 26.9 32.7 28.2 28.5 28.2 25.8 27.6 27.2 29.3 27.1 24.2 23.5 25.9 28.0 25.3 27.8 28.4 26.5 29.5 25.9
1.750 28.2 26.1 28.0 25.0 29.9 28.0 28.5 26.8 27.9 29.9 28.0 27.0 27.9 313 29.5 29.2 25.5 25.0 24.1 28.2 26.2 25.1 30.5 27.0 29.6 27.0
1.875 29.8 32.8 30.8 26.0 30.5 28.1 27.6 26.5 28.2 29.8 25.8 26.0 28.7 28.0 28.7 27.1 27.6 24.5 27.6 29.3 27.0 25.8 275 28.9 31.2 27.5
2.000 27.8 29.1 32.8 26.4 31.6 28.8 29.6 28.7 27.9 27.0 27.1 25.5 28.5 31.2 30.4 27.1 28.6 25.2 27.9 28.5 29.0 27.2 29.3 29.0 32.1 26.5
2.125 29.4 30.0 30.3 27.1 33.0 27.5 30.1 29.2 29.6 26.5 30.1 29.3 28.1 30.1 30.2 30.0 29.7 28.1 30.4 28.0 27.6 30.2 30.1 28.5 31.1 28.0
2.250 31.0 28.0 29.1 27.1 32.3 30.1 28.9 29.5 29.3 29.8 26.7 27.9 29.6 28.5 29.9 25.8 28.4 25.9 26.3 28.8 29.2 28.8 27.6 26.8 32.5 30.3
2.375 28.7 28.8 34.7 31.6 33.2 30.8 30.9 30.1 30.4 32.8 27.3 31.1 27.8 28.5 32.1 28.1 27.1 27.1 274 311 31.3 275 29.7 31.2 31.7 28.8
2.500 30.0 32.0 34.8 34.1 33.9 31.1 32.2 33.1 30.4 29.9 29.5 30.5 36.7 31.0 32.0 31.8 27.7 28.2 28.8 33.8 29.8 29.2 32.2 29.0 335 33.5
2.625 32.8 31.0 34.8 31.9 34.4 33.8 32.3 34.4 32.1 33.6 28.8 33.0 37.4 32.1 335 31.8 30.2 29.3 33.3 30.6 32.0 32.7 33.9 31.2 33.4 33.0
2.750 33.9 37.0 36.8 34.1 34.5 33.4 32.0 34.8 32.8 34.0 30.3 33.0 38.0 34.0 32.3 34.2 27.8 32.2 33.2 32.5 27.5 29.8 32.4 30.6 34.4 35.3
2.875 36.5 36.2 35.7 35.0 35.5 34.6 33.2 34.4 37.2 38.5 31.5 33.8 36.5 36.0 35.5 35.6 30.9 30.8 35.3 35.0 32.1 33.8 32.4 34.5 35.9 335
3.000 33.4 35.1 36.4 355 35.5 34.4 33.1 34.5 33.0 37.0 30.2 34.6 36.6 35.1 34.7 36.1 32.4 315 32.3 335 31.8 335 32.8 35.2 33.7 315
3.125 35.4 39.2 38.2 37.0 35.4 34.2 324 315 34.7 39.0 29.0 33.0 32.7 34.0 35.2 37.8 30.3 29.0 33.6 30.5 32.6 33.2 35.6 36.8 35.2 35.0
3.250 - - - - - - - - - - - - 38.0 30.8 34.6 36.8 32.1 31.0 - - 36.4 29.1 35.4 34.1 - -
7-11-W-133 7-11-E-012 7-11-E-016 7-11-E-021 7-11-E-024 7-11-E-027 7-11-E-028 7-11-E-040 7-11-E-042 7-11-E-045 7-11-E-046 7-11-E-053 7-11-072
Location (in) OYL Rolled OTD Cut oQW Rolled OOH Cut 0QX Rolled OTD Rolled oYJ Rolled 0QX Rolled oQW Rolled oYM Rolled OYN Rolled OTD Cut OPY Rolled
Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory

0.125 - 28.0 - 38.0 - 34.8 - 36.5 - 36.0 - 37.1 - 30.8 - 37.2 - 35.2 - 34.0 - 31.9 - 34.0 - 36.5
0.250 30.4 33.0 33.6 36.8 34.6 35.9 34.0 37.1 36.4 36.2 35.7 35.7 30.6 34.8 37.2 37.8 30.8 36.0 35.0 33.2 31.0 32.8 35.8 38.5 38.9 37.2
0.375 30.6 32.2 33.5 38.0 33.5 35.2 33.9 36.8 37.8 37.2 34.4 37.0 31.3 35.5 36.1 36.8 29.6 35.9 34.8 35.0 32.7 34.3 35.8 37.6 38.5 37.1
0.500 31.0 33.2 35.5 37.0 32.9 36.5 35.6 35.6 39.5 36.0 33.8 36.2 30.3 35.1 34.3 36.8 28.3 35.2 34.9 34.5 32.4 34.1 35.7 37.2 34.5 35.0
0.625 29.3 29.8 32.7 34.6 33.4 34.1 34.0 35.1 31.0 33.8 311 35.1 31.4 34.8 34.5 36.7 28.2 34.0 35.5 34.3 32.6 324 33.9 35.8 33.6 32.2
0.750 30.2 28.2 32.0 32.1 29.9 33.1 31.4 32.8 30.0 315 31.3 335 31.3 34.7 30.4 32.0 28.6 34.0 35.3 32.1 34.0 32.4 31.6 33.0 34.2 32.2
0.875 28.4 28.0 30.5 29.1 28.0 30.2 29.4 31.8 33.7 30.2 28.8 34.2 30.2 34.1 29.5 32.0 27.2 29.5 33.9 31.8 32.7 32.5 32.5 30.5 32.2 30.2
1.000 30.1 28.2 29.8 31.5 31.8 32.5 275 33.2 32.7 29.5 28.0 32.3 317 31.6 325 315 26.2 30.6 34.5 28.8 31.1 34.0 335 28.5 325 30.2
1.125 30.3 29.0 25.6 30.8 29.2 28.5 26.3 29.1 29.5 29.0 28.7 29.8 29.3 32.2 27.9 31.0 27.3 275 32.9 28.2 30.3 31.8 34.0 30.2 30.8 30.7
1.250 30.5 28.4 25.6 28.9 29.1 27.8 28.1 31.1 26.5 28.8 30.2 27.8 28.9 30.7 29.6 30.7 25.7 28.5 31.5 31.0 29.1 29.2 32.9 28.0 32.0 29.2
1.375 271.2 23.8 27.1 29.2 26.6 28.0 30.5 28.5 24.8 26.3 25.0 28.6 26.0 28.8 31.3 28.9 271.2 29.0 31.6 28.2 27.0 26.9 314 30.8 31.6 29.5
1.500 28.4 28.0 31.3 28.5 27.6 27.1 27.2 30.0 27.4 28.8 28.4 28.9 27.1 26.6 30.9 29.2 25.5 28.0 31.0 26.3 29.6 28.5 31.1 29.5 319 28.0
1.625 26.8 26.0 29.9 26.1 28.4 25.2 27.0 28.2 27.3 30.0 28.8 271.2 255 26.7 30.2 29.0 21.0 28.0 30.9 28.1 26.6 25.1 31.2 30.9 30.6 28.0
1.750 27.5 24.8 32.0 28.9 26.6 26.5 26.8 31.1 30.0 27.8 26.7 26.5 27.1 28.8 29.1 28.3 24.0 27.3 29.9 26.6 28.7 30.0 33.6 30.0 29.9 30.0
1.875 28.8 26.3 29.7 30.6 25.0 27.2 30.9 31.1 30.0 28.8 28.8 28.5 28.1 275 28.9 28.7 26.4 28.8 31.3 27.0 25.9 27.3 31.2 30.5 31.8 26.5
2.000 29.4 27.2 26.9 30.0 26.3 26.1 32.9 27.1 29.4 29.2 26.3 29.1 28.6 29.4 30.2 30.6 274 29.2 30.0 30.2 27.3 26.8 34.2 28.0 31.6 26.8
2.125 30.4 28.0 26.6 28.6 25.7 26.1 28.0 30.7 28.9 27.6 28.9 30.6 29.1 30.2 27.4 27.3 25.1 29.2 315 27.1 29.7 31.0 32.2 31.6 29.4 28.5
2.250 32.6 29.5 28.9 29.0 28.5 28.5 30.2 28.5 29.8 27.9 31.4 28.2 28.2 31.1 29.6 31.1 26.1 27.5 317 31.6 30.8 28.5 32.5 30.5 30.5 32.7
2.375 32.3 31.0 27.6 32.0 30.2 27.9 37.6 31.1 30.2 28.4 30.0 31.0 30.7 32.9 32.0 32.8 28.4 29.5 31.9 32.1 315 31.8 32.7 30.0 33.0 317
2.500 31.7 31.0 32.1 317 28.9 30.8 36.9 32.1 31.9 29.8 32.1 31.2 28.5 33.2 31.8 32.4 271.7 31.0 34.3 33.4 33.1 31.0 33.8 34.2 33.7 335
2.625 31.7 33.6 30.0 36.0 28.5 335 34.2 32.2 28.0 30.8 32.3 335 29.5 33.1 33.8 32.5 28.4 34.3 33.6 33.1 30.1 32.8 35.2 33.9 34.6 34.0
2.750 32.7 34.1 28.2 37.1 31.5 33.8 34.1 34.8 32.9 34.0 33.7 32.8 29.5 34.1 34.9 38.0 28.5 35.5 35.2 34.9 33.1 34.7 35.7 35.8 37.7 36.5
2.875 32.1 33.8 34.1 38.8 32.8 36.2 37.1 37.2 35.9 37.6 33.2 36.8 30.5 35.0 34.9 36.8 29.1 35.6 35.4 35.1 32.7 33.9 35.4 37.8 37.0 36.8
3.000 32.5 32.8 33.2 37.8 335 36.5 36.9 37.2 38.1 36.3 32.8 37.2 31.7 35.3 34.8 37.1 31.2 36.0 33.3 36.1 31.7 34.1 35.6 37.3 38.8 37.1
3.125 30.5 32.2 33.3 38.0 36.3 375 36.6 37.9 36.9 37.0 34.8 37.2 30.9 31.8 36.7 37.8 32.7 35.8 33.6 35.1 30.0 33.3 33.9 38.2 39.7 38.1
3.250 - - 34.8 38.2 35.8 36.1 36.9 38.9 36.7 36.2 37.5 36.2 34.0 30.8 36.3 35.9 34.5 37.2 34.9 34.0 33.6 30.5 34.4 36.2 37.9 39.2




7-11-E-075 7-11-E-084 7-11-E-090 7-11-E-092 7-11-E-093 7-11-E-096 7-11-E-102 7-11-E-106 7-11-E-108 7-11-E-111 7-11-E-116 7-11-E-117 7-11-E-121
Location (in) OYN Rolled OOF Cut 00X Rolled (0) 4| Rolled OOF Cut (0)4| Rolled oYO Rolled 0QX Rolled OPY Rolled OYP Rolled OPY Rolled oYG Rolled OPY Rolled
Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory
0.125 - 33.8 - 38.0 - 35.8 - 31.1 - 37.7 - 28.2 - 32.1 - 36.3 - 35.0 - 33.2 - 38.8 - 31.5 - 35.0
0.250 36.0 35.5 34.3 37.5 37.0 37.8 33.2 34.2 35.3 37.0 32.4 33.2 34.0 34.0 34.7 36.5 35.1 36.2 32.7 34.4 33.9 37.5 34.6 35.0 35.4 35.1
0.375 35.4 34.0 35.1 36.3 39.0 38.4 30.9 34.8 35.2 37.1 32.7 34.5 31.2 34.8 35.8 36.5 32.3 35.8 33.1 33.8 35.7 37.0 35.5 36.0 36.2 36.2
0.500 33.5 35.6 32.1 37.0 38.3 38.0 31.1 34.8 35.1 37.0 34.0 34.5 31.3 33.8 38.3 36.6 32.5 35.8 32.0 33.0 34.7 36.8 35.1 35.7 37.3 35.9
0.625 34.4 35.6 30.3 33.8 36.4 33.5 32.9 33.5 33.1 32.0 32.6 34.2 32.6 33.8 35.8 32.5 325 34.3 33.6 34.5 34.2 37.0 33.2 34.0 34.9 34.2
0.750 32.7 33.5 30.4 32.5 35.6 34.2 33.5 33.8 32.7 31.6 33.0 32.0 30.2 31.2 31.7 31.8 30.7 30.0 31.6 32.0 33.0 32.5 33.6 35.2 33.2 31.9
0.875 32.9 31.3 28.0 31.1 34.1 30.1 31.2 31.1 31.1 32.1 33.0 32.2 30.7 34.1 30.7 34.1 31.8 31.1 29.2 30.0 33.0 34.7 32.6 32.2 29.9 31.0
1.000 31.2 30.9 29.3 30.9 30.3 30.0 30.8 30.8 315 29.5 32.4 30.8 30.9 32.2 28.8 30.0 30.5 29.2 28.0 26.5 34.5 32.0 32.1 32.8 30.0 32.1
1.125 31.6 30.7 27.3 30.0 30.7 30.5 30.8 29.7 315 30.1 31.7 29.2 28.4 28.5 27.3 28.0 30.5 29.5 26.1 26.2 32.8 31.8 31.7 30.2 24.6 28.9
1.250 31.0 30.0 28.0 29.2 27.1 29.0 314 26.1 31.3 28.2 31.8 30.1 29.8 30.1 30.5 28.3 29.0 29.5 27.3 28.1 30.9 30.5 31.6 28.2 29.0 27.3
1.375 30.5 32.8 25.2 29.8 31.2 29.3 28.0 26.8 31.3 29.0 31.1 27.5 26.3 27.2 27.5 28.2 29.2 29.8 26.4 26.1 29.8 29.0 31.1 27.0 28.5 29.0
1.500 29.6 30.0 25.6 274 31.1 29.0 31.0 28.1 30.8 26.5 29.0 27.5 25.2 26.8 26.5 27.5 28.8 28.8 26.4 27.8 30.1 30.0 31.7 26.7 28.2 29.0
1.625 28.6 30.1 26.2 28.5 32.2 29.5 29.6 33.5 31.2 31.3 30.1 29.5 25.9 28.8 26.5 27.8 29.6 28.2 25.4 27.8 31.7 29.2 31.9 28.2 28.0 30.0
1.750 29.7 28.0 26.2 30.2 31.6 28.7 29.6 27.0 29.6 32.8 30.3 27.4 26.3 25.8 28.9 29.5 26.8 275 26.2 25.8 30.8 31.1 31.0 29.0 28.4 29.6
1.875 30.4 30.2 26.5 28.7 30.4 30.0 28.8 28.3 29.4 29.2 30.9 29.2 26.5 28.0 28.1 30.0 27.8 29.0 28.1 26.0 30.3 29.0 31.7 28.0 30.2 29.4
2.000 31.9 29.5 27.0 31.8 31.6 29.0 30.1 314 31.2 27.3 314 31.6 28.9 26.8 27.8 31.1 31.8 30.8 26.4 28.2 31.2 29.5 30.1 30.0 28.4 30.0
2.125 33.3 30.9 29.1 30.0 29.7 30.8 32.4 31.1 32.0 29.8 31.7 30.0 29.2 26.3 29.3 30.0 28.5 28.5 26.7 26.2 33.9 29.2 29.6 29.7 28.9 29.0
2.250 31.1 31.1 28.3 30.1 32.7 30.3 32.8 34.5 32.3 29.6 31.8 31.7 26.9 27.8 28.1 30.1 28.0 30.5 28.2 29.3 32.5 32.3 314 29.8 30.4 30.5
2.375 30.4 29.5 29.0 33.0 35.1 31.9 33.8 35.0 32.9 35.0 32.5 34.5 31.6 31.2 30.4 31.7 29.9 31.0 30.1 27.5 32.1 31.0 32.0 32.1 31.9 30.0
2.500 32.9 31.8 31.1 33.1 33.6 32.8 34.1 34.1 32.7 35.5 31.3 35.0 29.4 30.5 32.2 33.0 29.5 32.5 32.0 32.0 32.3 33.8 33.2 32.8 35.4 33.0
2.625 35.3 34.9 334 35.0 34.1 34.0 33.1 34.8 33.6 32.6 32.7 34.5 30.8 315 37.8 34.9 30.6 36.6 32.0 31.0 34.6 34.1 32.5 34.5 37.2 36.0
2.750 35.2 34.5 34.5 37.8 39.0 37.5 34.4 34.7 35.1 37.2 33.3 35.0 33.2 33.0 35.3 37.0 30.1 36.8 33.4 33.0 37.2 37.1 33.3 35.2 37.8 36.8
2.875 35.0 37.0 35.1 36.9 35.7 37.5 35.2 34.8 36.3 36.4 34.4 36.0 32.5 34.8 36.6 36.8 31.2 36.8 34.4 33.2 35.0 37.1 35.5 34.8 36.9 36.0
3.000 35.4 36.5 36.0 38.0 38.2 37.5 35.2 35.6 35.3 37.5 33.1 35.5 32.1 34.2 36.8 37.2 34.0 36.5 33.3 33.7 36.0 37.5 34.3 34.4 36.4 36.8
3.125 35.0 36.1 37.6 38.2 39.9 37.3 33.0 35.5 35.7 38.0 31.4 35.5 34.1 31.9 35.9 36.2 35.0 35.5 32.1 34.1 34.7 37.1 33.1 32.2 34.6 35.7
3.250 35.0 34.0 36.5 38.0 39.0 37.2 35.4 37.1 36.2 37.1 33.5 33.0 38.0 35.0 37.0 40.2 35.1 39.0 31.9 315 33.6 36.1 33.9 35.0 33.2 23.2
7-11-E-124 7-11-E-127 7-11-E-130 7-11-E-135 Average
Location (in) OPY Rolled OOH Rolled QoY) Rolled 0QX Rolled
Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory
0.125 - 35.7 - 37.4 - 32.2 - 35.7 - 34.0
0.250 34.7 35.8 35.6 37.5 36.0 33.8 37.5 37.0 34.3 34.9
0.375 34.1 35.2 38.5 37.1 34.4 34.2 38.5 36.8 34.4 35.5
0.500 34.9 35.9 36.8 36.0 33.6 315 38.8 36.5 34.2 35.1
0.625 31.7 32.2 34.0 34.0 33.7 31.3 36.9 34.8 334 33.7
0.750 32.2 30.5 33.0 32.0 31.2 28.3 34.2 32.5 32.4 32.1
0.875 30.6 29.8 31.7 31.3 32.2 26.1 32.1 315 314 31.2
1.000 29.7 29.4 32.3 30.5 31.1 27.2 31.7 30.1 31.0 30.2
1.125 30.9 29.2 32.8 28.8 31.0 26.2 31.7 27.3 30.0 29.5
1.250 29.6 29.1 32.6 28.8 33.5 27.0 32.0 29.8 29.9 28.7
1.375 30.2 27.8 33.4 28.0 30.2 27.1 32.2 28.0 28.9 28.4
1.500 29.3 26.5 31.4 28.0 31.2 27.0 30.1 28.3 28.9 28.1
1.625 26.1 26.0 30.5 28.7 315 29.0 29.7 26.8 28.4 28.1
1.750 31.3 27.8 32.2 30.2 30.5 28.5 31.0 26.4 28.7 28.1
1.875 28.6 28.0 32.7 27.8 31.9 29.0 30.6 29.2 29.1 28.3
2.000 30.0 27.8 29.2 30.2 31.1 28.0 31.0 29.1 29.6 28.7
2.125 30.4 28.9 315 30.1 31.6 29.0 32.9 30.1 29.8 29.0
2.250 30.4 31.0 30.5 30.0 33.3 28.0 32.8 32.6 30.1 29.6
2.375 32.7 31.3 34.5 30.1 34.1 29.8 36.1 32.2 314 30.8
2.500 32.8 31.9 36.8 35.3 34.0 32.5 38.6 33.5 32.3 32.2
2.625 35.4 35.2 38.6 36.5 35.1 31.1 35.1 36.5 33.0 334
2.750 34.3 35.8 38.5 38.2 34.2 32.0 39.9 37.8 33.8 34.8
2.875 35.1 36.2 38.9 38.0 34.9 33.5 39.4 37.2 34.7 35.7
3.000 36.4 36.2 38.8 38.7 36.0 34.1 39.2 36.8 34.6 35.7
3.125 37.1 35.8 37.6 38.8 38.0 31.5 37.6 36.5 34.6 35.5
3.250 37.9 41.0 39.2 26.8 35.9 36.5 35.0 40.2 35.6 35.1
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Charpy V-Notch Impact Test
Charpy V-Notch Impact Energy Results (ft-Ib)
Identification 7-11-W-029 7-11-W-039 7-11-W-041 7-11-W-046 7-11-W-048 7-11-W-049 7-11-W-066 7-11-W-069 7-11-W-076 7-11-W-109 7-11-W-111 7-11-W-129
Temperature 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F
Sample 1 35 36.5 43 44.5 36 40 42 45 32 37 52 49 43 44 36 36 50 51 44 46 43 43 42 44
Sample 2 35.5 34 42 45 37 41 43 43 33 34 50 51 41 42 35 37 50 42 44 46 41 44 43 43
Sample 3 34 35 41 43 41 43 40 43 31 31 51 54 39 53 35 35 48 47 42 45 38 43 42 42
Average 34.8 35.2 42.0 44.2 38.0 41.3 41.7 43.7 32.0 34.0 51.0 51.3 41.0 46.3 35.3 36.0 49.3 46.7 43.3 45.7 40.7 43.3 42.3 43.0
Charpy V-Notch Impact Energy Results (ft-Ib)
Identification 7-11-W-132 7-11-W-133 7-11-E-012 7-11-E-016 7-11-E-021 7-11-E-024 7-11-E-027 7-11-E-028 7-11-E-040 7-11-E-042 7-11-E-045 7-11-E-046
Temperature 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F
Sample 1 51 50 47 48 32 32 37 37 35 36 40 41 39 39 37 43 36 38 38 40 29 38 45 46
Sample 2 49 48 45 50 32 33 34 37 33 36 41 43 40 39 37 40 35 38 40 37 28 40 44 46
Sample 3 53 50 47 50 32 32 34 39 31 36 39 40 40 41 39 42 35 36 38 39 30 37 41 46
Average 51.0 49.3 46.3 49.3 32.0 32.3 35.0 37.7 33.0 36.0 40.0 41.3 39.7 39.7 37.7 41.7 35.3 37.3 38.7 38.7 29.0 38.3 43.3 46.0
Charpy V-Notch Impact Energy Results (ft-Ib)
Identification 7-11-E-053 7-11-E-072 7-11-E-075 7-11-E-084 7-11-E-090 7-11-E-092 7-11-E-093 7-11-E-096 7-11-E-102 7-11-E-106 7-11-E-108 7-11-E-111
Temperature 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F
Sample 1 31 31 34 38 39 40 33 35 32 36 43 42 31 35 42 42 48 45 40 41 39 39 48 51
Sample 2 30 33 35 34 40 38 33 35 33 36 40 41 33 36 38 40 46 47 39 40 39 40 48 50
Sample 3 32 34 36 35 37 41 31 32 34 35 38 43 32 34 39 44 47 49 40 40 38 38 50 50
Average 31.0 32.7 35.0 35.7 38.7 39.7 32.3 34.0 33.0 35.7 40.3 42.0 32.0 35.0 39.7 42.0 47.0 47.0 39.7 40.3 38.7 39.0 48.7 50.3




Charpy V-Notch Impact Energy Results (ft-1b)
Identification 7-11-E-116 7-11-E-117 7-11-E-121 7-11-E-124 7-11-E-127 7-11-E-130 7-11-E-135 Average
Temperature 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F
Sample 1 31 36 37 39 40 40 40 40 33 34 46 49 41 41 N/A N/A
Sample 2 32 36 39 39 40 40 41 43 32 34 50 50 37 41 N/A N/A
Sample 3 35 37 38 39 41 41 43 42 30 35 45 48 36 43 N/A N/A
Average 32.7 36.3 38.0 39.0 40.3 40.3 41.3 41.7 31.7 34.3 47.0 49.0 38.0 41.7 39.0 40.8
Charpy Test Frequency Chart at 40°F Charpy Test Frequency Chart at 70°F
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Spectrochemical Analysis
Spectrochemical Analysis
(Reported as Wt. %)
7-11-W-029 | 7-11-W-039 | 7-1I-W-041 [ 7-11-W-046 | 7-11-W-048 | 7-11-W-049 | 7-11-W-066 | 7-11-W-069 | 7-1I-W-076 [ 7-1I-W-109 | 7-1I-W-111 | 7-11-W-129 | 7-1I-W-132 | 7-11-W-133 | 7-1I-E-012 [ 7-1I-E-016 | 7-1I-E-021 | 7-1I-E-024 | 7-1I-E-027 | 7-11-E-028 | 7-11-E-040 [ 7-1I-E-042 | 7-1I-E-045 | 7-1I-E-046 | ASTM 354
Aluminum Al 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 -
Carbon C 0.42 0.41 0.44 0.44 0.42 0.43 0.44 0.42 0.42 0.44 0.43 0.41 0.43 0.42 0.44 0.42 0.42 0.41 0.43 0.43 0.41 0.41 0.42 0.42 0.33-0.55
Chromium Cr 1.06 1.06 1.02 1.02 1.07 1.02 1.03 1.08 1.03 1.01 1.02 1.08 1.02 1.03 1.06 1.08 1.07 1.07 1.06 1.02 1.08 1.07 1.01 1.01 -
Cobalt Co 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 -
Columbium Ch <0.005 <0.005 <0.005 <0.005 <0.005 <0.01 <0.005 <0.01 <0.005 <0.01 <0.005 <0.005 <0.005 <0.005 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 -
Copper Cu 0.18 0.17 0.19 0.19 0.17 0.18 0.18 0.17 0.18 0.17 0.17 0.17 0.17 0.18 0.19 0.18 0.19 0.16 0.18 0.16 0.16 0.17 0.17 0.17 -
Manganese Mn 0.98 0.96 0.93 0.92 0.95 0.94 0.91 0.95 0.95 0.93 0.94 0.95 0.94 0.94 0.97 1.00 0.98 0.99 0.98 0.98 1.00 0.99 0.96 0.96 0.57 min.
Molybdenum Mo 0.16 0.16 0.23 0.22 0.16 0.21 0.22 0.16 0.22 0.21 0.21 0.16 0.21 0.21 0.17 0.17 0.16 0.16 0.17 0.22 0.17 0.17 0.21 0.22 -
Nickel Ni 0.09 0.08 0.12 0.13 0.08 0.06 0.15 0.08 0.06 0.06 0.06 0.08 0.06 0.06 0.09 0.09 0.09 0.08 0.09 0.06 0.08 0.10 0.06 0.06 -
Phosporus P 0.014 0.014 0.010 0.010 0.013 0.009 0.010 0.014 0.010 0.009 0.009 0.014 0.009 0.009 0.012 0.013 0.013 0.014 0.015 0.010 0.014 0.013 0.009 0.009 0.040 max.
Silicon Si 0.16 0.16 0.27 0.27 0.16 0.25 0.28 0.16 0.25 0.25 0.25 0.16 0.25 0.25 0.18 0.19 0.19 0.16 0.17 0.25 0.16 0.20 0.25 0.25 -
Sulfur S 0.033 0.030 0.006 0.006 0.032 0.005 0.006 0.031 <0.005 <0.005 <0.005 0.030 <0.005 <0.005 0.033 0.031 0.031 0.031 0.034 <0.005 0.030 0.024 0.005 <0.005 0.045 max.
Titanium Ti <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 -
Vanadium \Y <0.005 <0.005 <0.005 <0.005 <0.01 <0.005 <0.005 <0.01 <0.005 <0.005 <0.005 <0.01 <0.005 <0.005 <0.005 <0.005 <0.005 <0.01 <0.005 <0.005 <0.01 <0.005 <0.005 <0.005 -
Spectrochemical Analysis
(Reported as Wt. %)
7-11-E-053 | 7-1I-E-072 | 7-I-E-075 [ 7-1I-E-084 | 7-1I-E-090 | 7-1I-E-092 | 7-1I-E-093 | 7-1I-E-096 | 7-1-E-102 [ 7-1I-E-106 | 7-1I-E-108 | 7-lI-E-111 | 7-1-E-116 | 7-1-E-117 | 7--E-121 [ 7-1I-E-124 | 7-1I-E-127 | 7-1I-E-130 | 7-1I-E-135 Average | ASTM 354
Aluminum Al 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 -
Carbon C 0.41 0.43 0.43 0.42 0.41 0.44 0.42 0.45 0.42 0.41 0.43 0.42 0.43 0.43 0.43 0.42 0.42 0.44 0.42 0.42 0.33-0.55
Chromium Cr 1.07 1.06 1.03 1.07 1.08 1.03 1.07 1.03 1.02 1.08 1.07 1.02 1.01 1.03 1.07 1.07 1.06 1.02 1.08 1.05 -
Cobalt Co 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 -
Columbium Ch <0.01 <0.01 <0.005 <0.005 <0.01 <0.01 <0.01 <0.01 <0.005 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.001 <0.01 <0.005 <0.01 -
Copper Cu 0.18 0.17 0.16 0.18 0.16 0.17 0.18 0.18 0.16 0.16 0.17 0.16 0.17 0.17 0.17 0.17 0.17 0.16 0.16 0.17 -
Manganese Mn 0.98 0.99 0.97 0.98 0.98 0.94 0.97 0.94 0.97 1.02 1.02 0.99 1.01 0.96 1.00 1.01 1.00 0.97 1.00 0.97 0.57 min.
Molybdenum Mo 0.16 0.17 0.21 0.17 0.16 0.22 0.16 0.23 0.21 0.16 0.16 0.21 0.16 0.22 0.16 0.16 0.16 0.20 0.16 0.19 -
Nickel Ni 0.09 0.10 0.06 0.09 0.80 0.15 0.09 0.14 0.06 0.08 0.10 0.06 0.10 0.15 0.10 0.10 0.09 0.06 0.09 0.10 -
Phosporus P 0.014 0.014 0.009 0.015 0.014 0.010 0.014 0.010 0.009 0.014 0.013 0.009 0.014 0.010 0.013 0.013 0.014 0.008 0.013 0.012 0.040 max.
Silicon Si 0.17 0.21 0.25 0.17 0.16 0.27 0.18 0.27 0.25 0.16 0.20 0.26 0.20 0.27 0.20 0.20 0.18 0.26 0.17 0.21 -
Sulfur S 0.033 0.032 <0.005 0.034 0.031 0.006 0.032 0.006 <0.005 0.030 0.034 <0.005 0.033 0.006 0.033 0.033 0.034 0.005 0.033 0.025 0.045 max.
Titanium Ti <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 -
Vanadium V <0.005 <0.005 <0.005 <0.005 <0.01 <0.005 <0.005 <0.005 <0.005 <0.01 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.01 <0.005 -




PWS Anchor Rod Summary

Item 7 — 3.5 Diameter

Rockwell Hardness Testing — Cut vs. Rolled Threads
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Rockwell Hardness Testing Comparison Across the Diameter

ITEM 8. 4" TOWER SADDLE TIE RODS - TEST 11

L L 8-11-1 8-11-2 Average
() Field Laboratory Field Laboratory Field Laboratory
0.125 - 34.6 - 30.0 - 32.3
0.250 32.9 30.5 30.4 30.6 31.7 30.6
0.375 31.8 32.8 30.9 32.8 31.4 32.8
0.500 34.6 36.1 32.6 34.0 33.6 35.1
0.625 35.1 36.7 32.5 35.0 33.8 35.9
0.750 34.9 36.1 33.7 34.6 34.3 35.4
0.875 34.2 35.8 34.0 32.9 34.1 34.4
1.000 34.6 35.2 33.4 33.1 34.0 34.2
1.125 33.2 35.2 32.9 32.0 33.1 33.6
1.250 32.2 32.0 30.2 32.8 31.2 32.4
1.375 34.4 32.1 31.2 315 32.8 31.8
1.500 31.6 325 31.1 32.6 31.4 32.6
1.625 30.4 30.5 28.8 30.8 29.6 30.7
1.750 30.4 28.6 29.9 30.4 30.2 29.5
1.875 29.5 29.9 29.4 29.8 29.5 29.9
2.000 30.8 34.7 29.5 30.0 30.2 32.4
2.125 31.2 32.2 30.1 31.5 30.7 31.9
2.250 30.3 29.8 31.3 29.4 30.8 29.6
2.375 30.9 29.9 30.7 30.2 30.8 30.1
2.500 314 30.9 31.0 31.0 31.2 31.0
2.625 31.2 31.2 33.1 32.5 32.2 31.9
2.750 31.6 31.2 33.9 32.2 32.8 31.7
2.875 32.7 32.8 34.4 35.1 33.6 34.0
3.000 34.6 35.5 31.2 34.0 32.9 34.8
3.125 34.8 35.0 33.6 34.2 34.2 34.6
3.250 35.7 34.8 32.2 34.0 34.0 34.4
3.375 36.1 36.5 33.6 33.5 34.9 35.0
3.500 35.2 36.1 32.9 315 34.1 33.8
3.625 32.3 32.8 31.4 30.5 31.9 31.7
3.750 31.2 30.8 31.4 29.9 31.3 30.4
8-11-1 8-11-2 Average
40.0 40.0 40.0
38.0 + + 38.0 + + 38.0 + +
o 360 « 360 g 36.0
o o 0
5 340 - 5 34.0 - 5 34.0 -
f 320 f 32.0 5 32.0
g 30.0 + + § 30.0 - + % 30.0 + +
€ 250 —o—Field 2 250 —o—Field € 20 —o—Field
26.0 i Laboratory 26.0 i Laboratory 26.0 i Laboratory
+ ASTM Req. + ASTM Req. + ASTM Req.
24.0 : : : : : ‘ ‘ 24.0 : : : : : : : : 24.0 : : : : : : - :
0.000 0500  1.000 1500 2000 2500  3.000 3.500  4.000 0.000  0.500 1.000 1500 2,000  2.500  3.000  3.500  4.000 0.000 0500  1.000 1.500  2.000 2500  3.000  3.500  4.000
Location (in.) Location (in.) Location (in.)
Charpy V-Notch Impact Test
Charpy V-Notch Impact Energy Results (ft-1b)
Identification 8-11-1 8-11-2 Average
Temperature 40°F 70°F 40°F 70°F 40°F 70°F
Sample 1 16.5 24 18.5 21 N/A N/A
Sample 2 13 19 22 23 N/A N/A
Sample 3 16.5 16 15 22 N/A N/A
Average 15.3 19.7 18.5 22.0 16.9 20.8




Charpy Test Frequency Chart at 40°F Charpy Test Frequency Chart at 70°F

N

Frequency
Frequency
[

[N

10-15 15-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 10-15 15-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55
Energy Absorbed (ft-lbs) Energy Absorbed (ft-lbs)

Spectrochemical Analysis

Spectrochemical Analysis
(Reported as Wt. %)

8-11-1 8-11-2 Average | ASTM 354
Aluminum Al 0.02 0.02 0.02 -
Carbon © 0.42 0.43 0.425 0.33-0.55
Chromium Cr 1.07 1.08 1.075 -
Cobalt Co 0.01 0.01 0.01 -
Columbium Ch <0.01 <0.01 <0.01 -
Copper Cu 0.18 0.18 0.18 -
Manganese Mn 0.99 0.99 0.99 0.57 min.
Molybdenum Mo 0.16 0.15 0.155 -
Nickel Ni 0.14 0.14 0.14 -
Phosporus P 0.008 0.008 0.008 0.040 max.
Silicon Si 0.35 0.34 0.345 -
Sulfur S 0.022 0.023 0.0225 0.045 max.
Titanium Ti <0.005 <0.006 <0.006 -
Vanadium \Y 0.01 0.01 0.01 -




Rockwell Hardness Testing Comparison Across the Diameter

ITEM9. TOWER SADDLE TURNED RODS - TEST Il

Rockwell C Hardness

Average

_|_

_|_

—¢—Field
~{li—Laboratory

+ ASTM Req.

0.500

1.000

1.500
Location (in.)

2.000

2.500 3.000

9-11-T1-T2-M9 9-11-T1-T2-N8 Average
Location (in) NNF Cut NTA Cut
Field Laboratory Field Laboratory Field Laboratory
0.125 - 34.0 - 32.0 - 33.0
0.250 33.7 35.5 34.1 35.2 33.9 35.4
0.375 34.3 35.5 35.1 33.0 34.7 34.3
0.500 36.0 35.0 34.9 32.2 35.5 33.6
0.625 34.0 35.1 31.3 31.5 32.7 33.3
0.750 34.0 33.5 31.9 32.5 33.0 33.0
0.875 32.4 33.2 35.6 33.6 34.0 33.4
1.000 31.1 32.8 35.3 31.1 33.2 32.0
1.125 32.7 33.9 34.2 31.7 33.5 32.8
1.250 325 32.2 33.9 33.2 33.2 32.7
1.375 32,5 32.5 314 315 32.0 32.0
1.500 33.1 32.5 33.3 34.1 33.2 33.3
1.625 33.0 34.5 33.0 31.6 33.0 33.1
1.750 31.8 31.2 29.8 31.0 30.8 31.1
1.875 32.4 33.1 34.9 31.4 33.7 32.3
2.000 32.7 33.5 36.7 34.9 34.7 34.2
2.125 32.7 34.1 35.7 32.5 34.2 33.3
2.250 32.6 34.8 32.6 32.0 32.6 33.4
2.375 32.9 35.2 32.7 35.0 32.8 35.1
2.500 33.9 35.5 35.0 36.3 34.5 35.9
2.625 35.0 34.5 35.0 33.6 35.0 34.1
2.750 - - 35.7 34.8 35.7 34.8
9-1I-T1-T2-M9 9-11-T1-T2-N8
40.0 40.0
38.0 —|_ —|_ 38.0 —|_
« 360 o 360 A\
% 34.0 - R % 34.0 -
g 32.0 g 32.0
+ ¥ +
£ 300 £ 300
2 250 —o—Field 2 250 —o—Field
26.0 —i—Laboratory 26.0 —fi—Laboratory
+ ASTM Req. + ASTM Regq.
24.0 : : : : : ‘ 24.0 : : : : : ‘
0.000 0.500 1.000 1.500 2.000 2.500 3.000 0.000 0.500 1.000 1.500 2.000 2.500 3.000
Location (in.) Location (in.)
Charpy V-Notch Impact Test
Charpy V-Notch Impact Energy Results (ft-1b)
Identification SallahtdliZ b SalldhiglZ NG Average
NNF NTA
Temperature 40°F 70°F 40°F 70°F 40°F 70°F
Sample 1 53 52 14 16 N/A N/A
Sample 2 50 51 135 16 N/A N/A
Sample 3 54 55 11.5 16 N/A N/A
Average 52.3 52.7 13.0 16.0 32.7 34.3




Charpy Test Frequency Chart at 70°F
Charpy Test Frequency Chart at 40°F R

Frequency
-

Frequency
=

10-15 15-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55
Energy Absorbed (ft-lbs)

10-15 15-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55

Energy Absorbed (ft-lbs)

* The two samples used to perform Test Il were taken from two different heats. Heat NNF represents 100 of 108 Turned Rods, and is represented in Sample 9-11-T1-T2-M9. Heat NTA represents the last 8
turned rods and is represented in Sample 9-11-T1-T2-N8. Heat NTA is machined down from the same heat of material used to fabricate the Tower Saddle Tie Rods (Item 8).

Spectrochemical Analysis

Spectrochemical Analysis
(Reported as Wt. %)

9-1I-T1-T2-M9 [ 9-1I-T1-T2-N8 | Average | ASTM 354
Aluminum Al 0.02 0.02 0.02 -
Carbon C 0.45 0.41 0.43 0.33-0.55
Chromium Cr 1.09 1.07 1.08 -
Cobalt Co <0.005 0.01 0.01 -
Columbium Cb <0.01 0.01 0.01 -
Copper Cu 0.02 0.2 0.11 -
Manganese Mn 0.96 0.97 0.97 0.57 min.
Molybdenum Mo 0.23 0.16 0.20 -
Nickel Ni 0.05 0.14 0.10 -
Phosporus P 0.011 0.008 0.010 0.040 max.
Silicon Si 0.33 0.36 0.35 -
Sulfur S 0.020 0.021 0.021 0.045 max.
Titanium Ti <0.005 <0.005 <0.005 -
Vanadium \Y% <0.005 <0.005 <0.005 -




Rockwell Hardness Testing Comparison Across the Diameter

ITEM 12. 3" TOWER ANCHOR RODS - TEST 11

Location (i 12-11-W-60 12-11-S-80 12-11-b2E-1 12-11-b2E-3 12-11-b2W-3 12-11-b2W-4 Average
ST Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory Field Laboratory
0.118 - 36 - 34 - 34 - 33 - 36 - 28 - 335
0.236 40 37 35 35 36 33 36.0
0.354 41 38 37 37 38 34 37.5
0.472 40 38 37 37 38 34 37.3
0.591 40 38 36 37 37 33 36.8
0.709 36 36 36 36 36 31 35.2
0.827 35 35 34 34 35 31 34.0
0.945 34 33 34 32 32 30 32.5
1.063 34 30 31 32 32 29 31.3
1.181 33 30 32 31 32 28 31.0
1.299 31 32 30 30 32 29 30.7
1.417 34 32 30 28 32 28 30.7
1.535 32 31 32 29 30 28 30.3
1.654 35 30 31 32 32 27 31.2
1.772 34 33 32 30 30 28 31.2
1.890 34 33 33 32 33 28 32.2
2.008 37 35 33 32 33 29 33.2
2.126 37 36 37 33 34 31 34.7
2.244 38 37 37 34 34 31 35.2
2.362 40 38 38 36 36 32 36.7
2.480 40 38 38 37 37 33 37.2
2.598 40 36 37 37 38 33 36.8
2.717 36 35 36 37 37 31 35.3
2.835 - - 35 36 34 31 34.0
12-11-W-60 12-11-S-80 12-11-b2E-1 12-11-b2E-3
42 40 40 40
M . S R - < - =
. 8 ’_./- » 36 » 36 r-(.-.\\ » 36
g 36 J \ g J g 4/{ / g
° T 34 4 T 34 4 T 34
Y ¥ t N + + +
e 28 —o—Field 2 28 o= Field 2 28 o= Field 2 28 o= Field
2 = Laboratory 26 = Laboratory 26 = Laboratory 26 = Laboratory
+ ASTM Req. + ASTM Req. + ASTM Req. + ASTM Req.
24 . . . . - - 24 . . . . - - 24 . . . . - - 24 . . . . - -
0.000 0.500 1.000 1.500 2.000 2.500 3.000 0.000 0.500 1.000 1.500 2.000 2.500 3.000 0.000 0.500 1.000 1.500 2.000 2.500 3.000 0.000 0.500 1.000 1.500 2.000 2.500 3.000
Location (in.) Location (in.) Location (in.) Location (in.)
12-11-b2W-3 12-11-b2W-4 Average
40 40 40.0
38 + + 38 + + 38.0 -+ +
» 36 » 36 \» 36.0 f A \
g g 4 ’,{ 1
5 34 \— 5 34 S 34.0 -
S % g r/'-\ ’_F S 220 \\_-_._-1/._('/
:3: 30 + + é 30 / h E 30.0 + +
g g ¢
28 —o—Field 28 J —o—Field 280 —o—Field
26 ~fli=Laboratory 26 ~fli=Laboratory 26.0 == Laboratory
+ ASTM Req. + ASTM Req. + ASTM Req.
24 - . . . - - 24 . . . . - - 24.0 : : : : - -
0.000 0.500 1.000 1.500 2.000 2.500 3.000 0.000 0.500 1.000 1.500 2.000 2.500 3.000 0.000 0.500 1.000 1.500 2.000 2.500 3.000
Location (in.) Location (in.) Location (in.)




Charpy V-Notch Impact Test

Charpy V-Notch Impact Energy Results (ft-1b|

Identification 12-11-W-60 12-11-S-80 12-11-b2E-1 12-11-b2E-3 12-11-b2W-3 12-11-b2W-4 Average
Temperature 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F
Sample 1 38 38 32 38 36 41 36 36 34 40 52 56 N/A N/A
Sample 2 39 41 39 40 37 40 32 40 36 40 56 56 N/A N/A
Sample 3 40 38 34 38 40 42 34 35 35 40 54 53 N/A N/A
Average 39.0 39.0 35.0 38.7 37.7 41.0 34.0 37.0 35.0 40.0 54.0 55.0 39.1 41.8
Charpy Test Frequency Chart at 40°F Charpy Test Frequency Chart at 70°F
5 4
4
3
z3 z
c c
g 3 2
g g
&2 frd
1
1
0 . . . . 0 . . . .
10-15 15-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 10-15 15-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55
Energy Absorbed (ft-Ibs) Energy Absorbed (ft-Ibs)
Spectrochemical Analysis
Spectrochemical Analysis
(Reported as Wt. %)
12-11-W-60 [ 12-11-S-80 [ 12-11-b2E-1 | 12-II-b2E-3 | 12-1I-b2W-3 | 12-1I-b2W-4 | Average ASTM 354
Aluminum Al 0.02 0.02 0.03 0.03 0.02 0.02 0.02 -
Carbon C 0.38 0.40 0.37 0.37 0.38 0.37 0.38 0.33-0.55
Chromium Cr 0.96 1.06 1.04 1.03 1.04 1.04 1.03 -
Cobalt Co 0.01 0.05 0.05 0.05 0.05 0.05 0.04 -
Columbium Cb - - - - - - - -
Copper Cu 0.28 0.32 0.32 0.32 0.32 0.32 0.31 -
Manganese Mn 0.85 0.98 0.95 0.93 0.94 0.94 0.93 0.57 min.
Molybdenum Mo 0.16 0.17 0.16 0.16 0.16 0.16 0.16 -
Nickel Ni 0.09 0.12 0.11 0.11 0.11 0.11 0.11 -
Phosporus P 0.011 0.014 0.012 0.011 0.013 0.012 0.012 0.040 max.
Silicon Si 0.28 0.27 0.26 0.26 0.26 0.26 0.27 -
Sulfur S 0.018 0.023 0.019 0.020 0.021 0.020 0.020 0.045 max.
Titanium Ti <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 -
Vanadium \ <0.01 0.01 0.01 0.01 0.01 0.01 0.01 -




Rockwell Hardness Testing Comparison Across the Diameter

ITEM 13. 4" TOWER ANCHOR RODS - TEST 11

. 13-11-cE-4 13-11-cE-7 13-11-cE-9 Average
Location (in) : : : :
Field Laboratory Field Laboratory Field Laboratory Field Laboratory
0.118 - 37 - 32 - 33 - 34.0
0.236 37 35 33 35.0
0.354 38 35 36 36.3
0.472 39 37 39 38.3
0.591 39 38 39 38.7
0.709 38 37 40 38.3
0.827 36 37 38 37.0
0.945 34 36 36 35.3
1.063 33 36 37 35.3
1.181 32 32 36 33.3
1.299 32 33 33 32.7
1.417 31 31 34 32.0
1.535 30 31 31 30.7
1.654 31 32 30 31.0
1.772 31 31 30 30.7
1.890 38 30 31 33.0
2.008 31 34 30 31.7
2.126 29 28 31 29.3
2.244 33 28 34 31.7
2.362 32 30 31 31.0
2.480 31 31 35 32.3
2.598 33 32 36 33.7
2.717 32 31 34 32.3
2.835 33 32 36 33.7
2.953 36 36 36 36.0
3.071 36 36 36 36.0
3.189 37 37 40 38.0
3.307 38 38 38 38.0
3.425 39 38 37 38.0
3.543 39 38 36 37.7
3.661 38 35 35 36.0
3.780 37 36 - 36.5
13-1l-cE-4 13-1l-cE-7 13-1I-cE-9 Average
40 40 42 40.0
38 —|— R —|— 38 —|— —|— 40 _|_ _|_ 38.0 —|— —|—
w 36 w 36 W .38 5 360
& I \ & f‘J g 36 / 2 '\
T 34 T 34 ° T 34.0
v 1 1 o S
3 3 \ ) 3
+ Vi + + S WV B + VAR
= 28 —o—Field = 28 —o—Field “ 8 —o—Field = 280 —o—Field
26 ~{i=Laboratory 26 == Laboratory 2 ~{i=Laboratory 26.0 == Laboratory
+ ASTM Req. + ASTM Regq. + ASTM Req. + ASTM Regq.
24 ‘ ‘ ‘ ‘ ‘ ‘ ‘ : 24 ‘ ‘ ‘ ‘ ‘ ‘ ‘ : 24 ‘ ‘ ‘ ‘ ‘ ‘ ‘ : 24.0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ :
0.000  0.500 1.000 1500  2.000 2500  3.000  3.500  4.000 0.000  0.500 1.000 1500  2.000 2500  3.000  3.500  4.000 0.000 0500  1.000 1500  2.000 2500  3.000  3.500  4.000 0.000 0500 1000 1500 2000  2.500  3.000 3.500  4.000
Location (in.) Location (in.) Location (in.) Location (in.)
Charpy V-Notch Impact Test
Charpy V-Notch Impact Energy Results (ft-1b)
Identification 13-11-cE-4 13-11-cE-7 13-11-cE-9 Average
Temperature 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F
Sample 1 26 30 35 40 30 35 N/A N/A
Sample 2 23 30 28 42 32 38 N/A N/A
Sample 3 29 28 46 40 36 44 N/A N/A
Average 26.0 29.3 36.3 40.7 32.7 39.0 31.7 36.3




Charpy Test Frequency Chart at 40°F

Frequency
[
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5-10
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Frequency

[N

Charpy Test Frequency Chart at 70°F
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Spectrochemical Analysis

Spectrochemical Analysis
(Reported as Wt. %)

13-1I-cE-4 13-1I-cE-4 13-1I-cE-4 Average ASTM 354
Aluminum Al 0.02 0.02 0.02 0.02 -
Carbon C 0.40 0.40 0.39 0.40 0.33-0.55
Chromium Cr 0.98 0.98 0.96 0.97 -
Cobalt Co 0.01 0.01 0.01 0.01 -
Columbium Cb - - - - -
Copper Cu 0.28 0.26 0.25 0.26 -
Manganese Mn 0.96 0.96 0.91 0.94 0.57 min.
Molybdenum Mo 0.16 0.16 0.16 0.16 -
Nickel Ni 0.11 0.11 0.13 0.12 -
Phosporus P 0.011 0.010 0.011 0.011 0.040 max.
Silicon Si 0.23 0.24 0.25 0.24 -
Sulfur S 0.019 0.017 0.020 0.019 0.045 max.
Titanium Ti <0.01 <0.01 <0.01 <0.01 -
Vanadium \ 0.01 0.01 0.01 0.01 -




ITEM 14. 2" EAST SADDLE ANCHOR RODS - TEST 11

Rockwell Hardness Testing Comparison Across the Diameter

. 14-11-1 14-11-2 Average
Location (in) - - ;
Field Laboratory Field Laboratory Field Laboratory
0.118 - 34 - 32 - 33.0
0.236 35 33 34.0
0.354 34 34 34.0
0.472 34 33 33.5
0.591 32 34 33.0
0.709 33 34 33.5
0.827 31 36 335
0.945 31 32 315
1.063 34 34 34.0
1.181 34 34 34.0
1.299 34 35 345
1.417 35 36 35.5
1.535 35 36 8515
1.654 36 36 36.0
14-11-1 14-11-2 Average
40 40 40.0
38 + —|— 38 + —|— 38.0 + —|—
g 36 g 36 g 360
%34 % §34 5340
© 1] ©
Z, _— + 2. + 2 0 +
[ D 3
%30 %30 %30.0
=28 b= Field © 28 —o—Field = 28.0 —o—Field
26 ~fli=Laboratory 26 ~fli=Laboratory 26.0 ~{i=Laboratory
+ ASTM Req. + ASTM Req. + ASTM Req.
24 ; ; ; ; ; ; ; - : 24 ‘ ‘ ‘ . . . . ‘ ‘ 24.0 . . . . . . ‘ ‘ : :
0.000 0.200 0.400 0.600 0.800 1.000 1.200 1.400 1.600 1.800 2.000 0.000 0.200 0.400 0.600 0.800 1.000 1.200 1.400 1.600 1.800 2.000 0.000 0.200 0.400 0.600 0.800 1.000 1.200 1.400 1.600 1.800 2.000
Location (in.) Location (in.) Location (in.)

Charpy V-Notch Impact Test
Test not performed because a large enough sample was not available.

Spectrochemical Analysis

Spectrochemical Analysis
(Reported as Wt. %)

14-11-1 14-11-2 Average ASTM 354
Aluminum Al 0.02 0.02 0.02 -
Carbon C 0.4 0.4 0.4 0.33-0.55
Chromium Cr 0.97 0.97 0.97 -
Cobalt Co 0.01 0.01 0.01 -
Columbium Cb - - - -
Copper Cu 0.19 0.19 0.19 -
Manganese Mn 0.89 0.89 0.89 0.57 min.
Molybdenum Mo 0.16 0.16 0.16 -
Nickel Ni 0.11 0.11 0.11 -
Phosporus P 0.015 0.014 0.0145 0.040 max.
Silicon Si 0.27 0.26 0.265 -
Sulfur S 0.022 0.02 0.021 0.045 max.
Titanium Ti <0.01 <0.01 <0.01 -
Vanadium V 0.01 0.01 0.01 -




ITEM 15. 3" EAST SADDLE TIE RODS - TEST 11

Rockwell Hardness Testing Comparison Across the Diameter

Location (i 15-11-E-2 Average
ocation (in) Field Laboratory Field Laboratory
0.125 - 335 - 33.5
0.250 32.1 33.5 32.1 33.5
0.375 32.1 32.3 32.1 32.3
0.500 30.3 33.2 30.3 33.2
0.625 32.1 33.2 32.1 33.2
0.750 30.8 33.0 30.8 33.0
0.875 30.5 30.5 30.5 30.5
1.000 27.6 28.7 27.6 28.7
1.125 27.9 30.0 27.9 30.0
1.250 27.1 30.0 27.1 30.0
1.375 27.3 27.1 27.3 27.1
1.500 28.3 32.6 28.3 32.6
1.625 25.8 30.8 25.8 30.8
1.750 29.6 31.0 29.6 31.0
1.875 29.8 29.3 29.8 29.3
2.000 31.6 29.5 31.6 29.5
2.125 324 33.0 32.4 33.0
2.250 29.4 33.2 29.4 33.2
2.375 28.8 33.2 28.8 33.2
2.500 30.4 33.2 30.4 33.2
2.625 32.9 35.5 32.9 35.5
2.750 34.0 35.8 34.0 35.8
15-11-E-2 Average
40.0 40.0
38.0 + + 38.0 + +
360 f.i 5 360 r—.—
Q [
© 340 » S 34.0 | »
2 £
o 32.0 o 32.0
[} [
% 30.0 % 30.0
€ 250 .,w‘\/ —o—Field £ 580 Vw*\/ —o—Field
26.0 ¥ —#i—Laboratory 26.0 \ 8~ Laboratory
+ ASTM Req. + ASTM Reg.
24.0 ‘ ‘ ‘ ‘ ‘ : 24.0 ‘ ‘ ‘ ‘ : :
0.000 0.500 1.000 1.500 2.000 2.500 3.000 0.000 0.500 1.000 1.500 2.000 2.500 3.000
Location (in.) Location (in.)

Charpy V-Notch Impact Test

Charpy V-Notch Impact Energy Results (ft-1b)
Identification 15-11-E-2 Average
Temperature 40°F 70°F 40°F 70°F
Sample 1 18 24 N/A N/A
Sample 2 17 22 N/A N/A
Sample 3 18.5 25 N/A N/A
Average 17.8 23.7 17.8 23.7




Charpy Test Frequency Chart at 40°F Charpy Test Frequency Chart at 70°F

Frequency
=
Frequency
=
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Energy Absorbed (ft-Ibs) Energy Absorbed (ft-lbs)

Spectrochemical Analysis

Spectrochemical Analysis
(Reported as Wt. %)

15-11-E-2 Average ASTM 354
Aluminum Al 0.02 0.02 -
Carbon C 0.42 0.42 0.33-0.55
Chromium Cr 0.96 0.96 -
Cobalt Co 0.02 0.02 -
Columbium Cb 0.01 0.01 -
Copper Cu 0.20 0.20 -
Manganese Mn 0.84 0.84 0.57 min.
Molybdenum Mo 0.17 0.17 -
Nickel Ni 0.14 0.14 -
Phosporus P 0.012 0.012 0.040 max.
Silicon Si 0.28 0.28 -
Sulfur S 0.028 0.028 0.045 max.
Titanium Ti <0.005 <0.005 -
Vanadium \ <0.005 <0.005 -
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Full-Size Tensile Testing

SAMPLE 2-111-1: 3" E2 BEARING ANCHOR RODS - TEST 111

Full Size Tensile Testing

Force-Displacement Curve: 2-111-B3-A2

Force-Displacement Curve: 2-111-S4-D7

Note: This testing was performed in April 2013 at Carpenter Rigging

2-111-B3-A2 2-111-S4-D7 2-111-S3-E7 2-111-B4-A7 ASTM A354 BD Requirements
Uitimate Load (kips) 945.4 945.2 942.6 945.8 835.8.0 min
Ultimate Tensile Strength (ksi) 158.3 158.3 157.9 158.4 140 min
Section (.505 Sample) Tensile Testing
.505 Sample Tensile Test Results
Identification 2-111-B3-A2 2-111-S4-D7 2-111-S3-E7 2-111-B4-A7 ASTM A354 BD Requirements
Yield Strength (ksi) 143.0 138.0 139.0 143.1 115 min
Tensile Strength (ksi) 160.0 157.0 157.0 160.2 140 min
Elongation in 2" Gage (%0) 17.0 19.0 17.5 16.8 14 min
Reduction of Area (%0) 53.5 53.4 54 52.3 40 min
Charpy V-Notch Impact Test
Charpy V-Notch Impact Energy Results
(ft-1b)
Identification 2-111-B3-A2 2-111-S4-D7 2-111-S3-E7 2-111-B4-A7
Temperature 40°F 70°F 40°F 70°F 40°F 70°F 40°F 70°F
Sample 1 35.5 37 37 37 38 38 38.5 39
Sample 2 38 38 37 38 37 37 36 39
Sample 3 37 38 37.5 37 37 37 37.5 37
Average 36.8 37.7 37.2 37.3 37.3 37.3 37.3 38.3
Hardness Testing Across the Diameter
2-111-B3-A2 2-111-S4-D7 2-111-S3-E7 2-111-B4-A7
Lecueg i) HRC HRC HRC HRC
0.125 36.5 36.2 37.0 35.1
0.250 37.0 36.9 37.2 36.0
0.375 36.8 37.0 36.2 35.4
0.500 36.1 36.3 36.0 34.5
0.625 35.2 35.8 35.6 33.7
0.750 34.3 34.8 34.1 33.2
0.875 33.6 34.0 32.7 315
1.000 32.0 33.1 32.8 31.3
1.125 32.6 33.1 31.4 31.8
1.250 30.3 31.9 32.1 31.0
1.375 26.5 31.0 32.5 33.3
1.500 26.0 31.8 30.4 36.0
1.625 29.5 32.0 31.0 31.8
1.750 31.9 30.8 32.1 31.7
1.875 33.0 32.5 27.2 32.3
2.000 33.6 32.5 32.8 33.0
2.125 34.0 34.2 34.8 33.4
2.250 35.0 34.8 35.0 34.1
2.375 36.0 35.6 36.2 34.8
2.500 37.0 36.5 37.0 35.6
2.625 37.1 37.2 36.9 36.1
2.750 37.8 36.1 36.7 35.7

1000
1000 005 33
200 n 900
G ——— Load (Ibs. x 1000)
800 800 28
0.05 ——— Elongation (inches)
700 —. 700 23
g 01 = g -
8 oo £ S 600 =
<} 015 § = 18 §
4 500 k- 4 500 -
= 02 ¥ -
g o ’ E = 400 1.3 E
g2 e —— Load {Ibs. x 1000) 0.5 g 200 o -
El t he: 0.3 :
200 longation (inches) 200
k- 0.3
100 0.35 100
& — 0.4 o L—— 02
0 10 20 10 40 50 60
] 10 20 30 40 S0 60
Time (seconds) Time [seconds)
Force-Displacement Curve: 2-111-S3-E7 Force-Displacement Curve: 2-111-B4-A7
1000 1000 33
EX]
900 00
—— Load (Ibs. x 1000} 33 = Load {Ibs. x 1000) o8
/00 800
200 Elongation (inches) 28 _ —— Elongation {inches) 2.3
£ 500 E g s £
H 23 ,E. S 18 ‘g
= [
& s 18 & 4 5o E
g 400 & s a0 13 E}
= 13 ¥ 2 =
300 = 300 0.8
08 '
200 200
0.3 03
100 100
o 0.2 o L .02
o 10 20 30 au S0 B0 10 20 an a0 50 60
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Invalid elongation reading for sample 2-11-B3-A2 due to error in placement of linear transducer.

Rockwell C Hardness

38
36
34

30
28
26
24
22
20

Rockwell C Hardness Survey: Samples 2-111

¥ t
| PN ,é‘f A
A #
32 774§_71w. ?@
+ e |+
\ / ~ ——2-1II-B3-A2
./ —o—2-1II-54-D7
i 2-111-53-E7
2-111-B4-A7
=== ASTM Req
|
0.00 0.50 1.00 1.50 2.00 2.50 3.00

Location (across diameter - inches)




Spectrochemical Analysis

Spectrochemical Analysis
(Reported as Wt. %)

2I-B3-A2 | 2-11-84-D7 | 2-1-S3-E7 | 2-Nl-Ba-a7 | Reduirement ASTMA3SA
Gr BD

Aluminum Al 0.02 0.02 0.02 0.02
Carbon e 0.43 0.42 0.43 0.385 0.33.055
Chromium Cr 0.94 0.93 0.94 0.87
Cobalt Co 0.01 0.01 0.01 0.01
Columbium Ch <0.005 <0.005 <0.005 NA
Copper Cu 0.2 0.2 0.2 0.23
Manganese Mn 0.88 0.87 0.88 0.89 0.57 min.
Molybdenum Mo 0.16 0.16 0.16 0.17
Nickel Ni 0.14 0.14 0.14 0.13
Phosphorus P 0.017 0.017 0.017 0.2 0.040 max.
Silicon Si 0.26 0.26 0.26 0.28
Sulfur S 0.034 0.33 0.031 035 0.045 max.
Titanium Ti <0.005 <0.005 <0.005 0.002
Vanadium v 0.01 0.01 0.01 0.01




SAMPLE 3-111-1: 3" SHEAR KEY TOP BOLT - TEST 11l

Full-Size Tensile Testing

Full Size Tensile Testing .
Sample 31111 ST Force-Displacement Curve: Sample 3-111-1
(47.6 in.) Requirements 1000 .
Tensile Load (kips) 928.4 835.8 min ' , <9284 kip rw
Tensile Strength (ksi) 156.3 140 min . ] *’—-———""’ \x
. - - 800 l‘I /
Reduced Section (.505 Sample) Tensile Testing
.505 Sample Tensile Test Results
ASTM A354 BD E' 600
Identification 3-111-1 Y — "3 .
Yield Strength (ksi) 140.9 115 min E 100 1 DCDT Data; 43.3-in. GL
Tensile Strength (ksi) 158.3 140 m_|n - - - - Approximate Elastic Slope
Elongation in 2" Gage (%) 18.5 14 min ]
Reduction of Area (%) 54.3 40 min 200 1 Extensometer Data; 10.25-in. GL
- - - - Approximate Elastic Slope
Charpy V-Notch Impact Test
Charpy V-Notch Impact Energy Results 0
(ft-1b) S -0.50 0.00 0.50 1.00 1.50 2.00 2.50 3.00
Identification -111- - -
Temperature 40°F 70°F Displacement, inch
Sample 1 36 42
Sample 2 37 38
Sample 3 37 40
Average 36.7 40.0
Hardness Testing Across the Diameter
3-111-1
Location (in) HRC .
0.125 5 379.0 Rockwell C Hardness Survey: Sample 3-111-1 Knoop Hardness Survey: Sample 3-111-1
0.250 36 382.0 45 410
0.375 36 377.0
0.500 35 379.0 390
0.625 35 373.0 20 .,-\._.\A A
0.750 34 390.0
o370
0875 2 360.0 2 + + X \ \
1.000 33 340.0 £ /_,/’_‘ =
1.125 32 349.0 =35 TN g 350
1.250 33 370.0 I <
1.375 33 374.0 ) s 330
1.500 34 350.0 3 5 —|— —I— T
1.625 33 376.0 E 8310
1.750 32 371.0 S S
1.875 31 346.0 o ¥ 290
—4—HRC
2.000 32 382.0 25 I
2.125 33 332.0 270 ~i—Knoop
2.250 34 350.0 + ASTM Req.
2.375 34 355.0
20 T T T T T 250 T T T T T
g:gg 32 :gég 0.00 0.50 1.00 1.50 2.00 2.50 3.00 0.00 0.50 1.00 1.50 2.00 2.50 3.00
2.750 37 379.0 Location (In) Location (|n)
2.875 37 384.0




Spectrochemical Analysis

Spectrochemical Analysis
(Reported as Wt. %)

ASTM

3-111-1 A354
Aluminum Al 0.02
Carbon € 0.44 0.33-0.55
Chromium Cr 0.94
Cobalt Co 0.01
Copper Cu 0.20
Manganese Mn 0.90 0.57 min.
Molybdenum Mo 0.18
Nickel Ni 0.15
Phosporus P 0.015 0.040 max.
Silicon Si 0.27
Sulfur S 0.040 0.045 max.
Titanium Ti <0.01
Vanadium \Y 0.01
Coating Chemical Analysis

Coating Chemical Analysis
(Reported as Wt. %)

3-111-1
Bismuth Bi 0.006
Tin Sn 0.012

Scanning Electron Microscopy

Overview

Final Fracture

Fracture Initiation
oy =i

. Gmm Ok SE 8/M12/2013 15 4¢
Fracture initiation area shows dimples or cup and cone features
typical of ductile fracture. Ductile fractures in the origin area usually
indicates tensile overload.

Micro-Structure Examination
Threaded Area

Thread root does not indicate cracking.

T311084 3-111-1A1, 3°

<

Propagation
£

v O
Propagation area shows fracture features
and ductility. Cleavage is indicated by the facets or fan like

appearance. This is a common mode of propagation.

Mid Radiu

Essentially martensitic structure.

o

Inclusions and banding observed in steel.

=
Final fracture area shows dimpled ductile fracture features.
Final fracture occurs when the remaining material is

insufficient to sustain the load.

Final Fracture



Full-Size Tensile Testing

Full Size Tensile Testing

SAMPLE 3-111-2: 3" SHEAR KEY TOP BOLT - TEST 11l

Sample 3-111-2 ASTM A354 BD
(47.6 in.) Requirements
Tensile Load (kips) 918.6 835.8 min
Tensile Strength (ksi) 153.9 140 min

Reduced Section (.505 Sample) Tensile Testing

.505 Sample Tensile Test Results

ASTM A354 BD

Identification 3-111-2 Y —
Yield Strength (ksi) 138.9 115 min
Tensile Strength (ksi) 157.6 140 min
Elongation in 2" Gage (%) 19.0 14 min
Reduction of Area (%) 54.6 40 min

Charpy V-Notch Impact Test

Charpy V-Notch Impact Energy Results

(ft-1b)

Identification 3-111-2
Temperature 40°F 70°F
Sample 1 36 40
Sample 2 37 40
Sample 3 37 38
Average 36.7 39.3

Hardness Testing Across the Diameter
3-111-2
Location (in) HRC D
0.125 37 368.0
0.250 36 379.0
0.375 35 382.0
0.500 34 383.0
0.625 34 360.0
0.750 32 352.0
0.875 30 332.0
1.000 30 332.0
1.125 30 344.0
1.250 32 302.0
1.375 31 297.0
1.500 28 372.0
1.625 26 310.0
1.750 31 320.0
1.875 32 292.0
2.000 30 343.0
2.125 32 301.0
2.250 34 302.0
2.375 35 315.0
2.500 34 314.0
2.625 35 343.0
2.750 36 334.0
2.875 36 363.0

Force-Displacement Curve: Sample 3-111-2

Location (in.)

Location (in.)

1000 -
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= 400
- - - - - Approximate Elastic Slope
200 /
0 4
-0.50 0.00 0.50 1.00 1.50 2.00 2350 3.00
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Spectrochemical Analysis

Spectrochemical Analysis
(Reported as Wt. %)

ASTM

3-111-2 A354
Aluminum Al 0.02
Carbon € 0.41 0.33-0.55
Chromium Cr 0.93
Cobalt Co 0.01
Copper Cu 0.20
Manganese Mn 0.88 0.57 min.
Molybdenum Mo 0.17
Nickel Ni 0.15
Phosporus P 0.015 0.040 max.
Silicon Si 0.26
Sulfur S 0.029 0.045 max.
Titanium Ti <0.01
Vanadium \Y 0.01
Coating Chemical Analysis

Coating Chemical Analysis
(Reported as Wt. %)

3-111-2
Bismuth Bi 0.006
Tin Sn 0.011

Scanning Electron Microscopy
Overview

Fractu

re Initiation

S W

T311006 3-11I-2A-1, 3"

Fracture initiation area shows dimples or cup and cone features
typical of ductile fracture. Ductile fractures in the origin area
usually indicates tensile overload.

Micro-Structure Examination
Threaded Area

Thread root does not indicate cracking.

Propagation area shows fracture features of both cleavage
and ductility. Cleavage is indicated by the facets or fan like
appearance. This is a common mode of propagation.

Mid Radius

50,000 pam

Inclusions and banding observed in steel.
Essentially martensitic structure.

= uly 118

Final fracture area shows dimpled ductile fracture features.
Final fracture occurs when the remaining material is
insufficient to sustain the load.



Full-Size Tensile Testing

Full Size Tensile Testing

SAMPLE 3-111-3: 3" SHEAR KEY TOP BOLT - TEST 11l

Sample 3-111-3 ASTM A354 BD
(47.6 in.) Requirements
Tensile Load (kips) 934.5 835.8 min
Tensile Strength (ksi) 156.5 140 min

Reduced Section (.505 Sample) Tensile Testing

.505 Sample Tensile Test Results

ASTM A354 BD

Identification 3-111-3 Y —
Yield Strength (ksi) 137.8 115 min
Tensile Strength (ksi) 156.4 140 min
Elongation in 2" Gage (%) 17.5 14 min
Reduction of Area (%) 53.9 40 min

Charpy V-Notch Impact Test

Charpy V-Notch Impact Energy Results

(ft-1b)

Identification 3-111-3
Temperature 40°F 70°F
Sample 1 36 40
Sample 2 37 40
Sample 3 38 39
Average 37.0 39.7

Hardness Testing Across the Diameter
3-111-3
Location (in) HRC D
0.125 36 390.0
0.250 36 379.0
0.375 37 382.0
0.500 35 371.0
0.625 34 371.0
0.750 33 341.0
0.875 33 368.0
1.000 32 334.0
1.125 29 353.0
1.250 27 333.0
1.375 26 374.0
1.500 27 325.0
1.625 29 334.0
1.750 31 298.0
1.875 34 295.0
2.000 33 346.0
2.125 33 318.0
2.250 35 343.0
2.375 36 346.0
2.500 37 379.0
2.625 36 366.0
2.750 36 382.0
2.875 36 384.0

Force-Displacement Curve: Sample 3-111-3

Location (in.)

Location (in.)

1000
. - . -
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Spectrochemical Analysis Scanning Electron Microscopy

Spectrochemical Analysis Overview
(Reported as Wt. %) i : — T311007 3-111-2A4, 3°
ASTM

3-111-3 A354
Aluminum Al 0.02
Carbon € 0.42 0.33-0.55
Chromium Cr 0.94
Cobalt Co 0.01
Copper Cu 0.20
Manganese Mn 0.89 0.57 min.
Molybdenum Mo 0.17
Nickel Ni 0.15
Phosporus P 0.015 0.040 max.
Silicon Si 0.27
Sulfur S 0.031 0.045 max.
Titanium Ti <0.01
Vanadium \Y 0.01

Propagation . Final Fracture
Coating Chemical Analysis { ' - LK
Coating Chemical Analysis
(Reported as Wt. %)

3-111-3
Bismuth Bi 0.007
Tin Sn 0.012

Fracture initiation area shows dimples or cup and cone features Propagation area shows fracture features of both cleavage Final fracture area shows dimpled ductile fracture features.
typical of ductile fracture. Ductile fractures in the origin area and ductility. Cleavage is indicated by the facets or fan like Final fracture occurs when the remaining material is
usually indicates tensile overload. appearance. This is a common mode of propagation. insufficient to sustain the load.

Micro-Structure Examination

Threaded Area Mid Radius

Inclusions and banding observed in steel.
Essentially martensitic structure.

Thread root does not indicate cracking.



SAMPLE 3-111-4: 3" SHEAR KEY TOP BOLT - TEST 11l

Full-Size Tensile Testing

Force-Displacement Curve: Sample 3-111-4

Sample 3-111-4 ASTM A354 BD
(47.6in.) Requirements 1000
942.1 835.8 min i 942 1 kip max —> —~¢
- I —
157.8 140 min [ ;]
300 W
L [
E- 600
ASTM A354 BD 4 L
Requirements & i , ] .
115 min E 400 - DCDT Data; 43.3-in. GL.
140 min . - - - - Approximate Elastic Slope
14 min i
40 min 200
Charpy V-Notch Impact Test [ /
0
-0.50 0.00 0.50 1.00 1.50 2.00 2.50 3.00
Displacement, inch
Hardness Testing Across the Diameter
Rockwell C Hardness Survey: Sample 3-111-4 Knoop Hardness Survey: Sample 3-111-4
0.250 37 384.0 45 410
0.375 37 368.0 r\
0.500 36 368.0 390
0.625 35 382.0 20 ._\:A l
0.750 34 354.0
370
0.875 32 352.0 . _'_ _'_ .
1.000 32 374.0 4 X
2 L 350
1.125 31 318.0 T35 %
1.250 30 326.0 g @
1.375 32 300.0 o E 330
1500 28 302.0 2. + + I L/\
1.625 31 312.0 £ v v S 310
1.750 2 399.0 c N
1.875 31 370.0 260 ||
2.000 32 3520 25 —¢HRC .
2.125 34 336.0 —m—Knoop
2.250 35 374.0 + ASTM Req. 210 u
2.375 36 371.0
2.500 36 379.0 20 ‘ ‘ ‘ ‘ ‘ 250 ‘ ‘ ‘ ‘ ‘
2625 37 385.0 0.00 0.50 1.00 1.50 2.00 250 3.00 0.00 0.50 1.00 1.50 2.00 250 3.00
2.750 37 390.0 Location (in.) Location (in.)
2.875 390.0




Spectrochemical Analysis Scanning Electron Microscopy

Spectrochemical Analysis Overview
(Reported as Wt. %) : 7 12 T311008 3-11l-4A-2, 3°
3-1ll-4 A;E’Z' ke < 1A
Aluminum Al 0.02
Carbon € 0.42 0.33-0.55
Chromium Cr 0.93
Cobalt Co 0.01
Copper Cu 0.20
Manganese Mn 0.89 0.57 min.
Molybdenum Mo 0.17
Nickel Ni 0.15
Phosporus P 0.014 0.040 max.
Silicon Si 0.26
Sulfur S 0.032 0.045 max.
Titanium Ti <0.01
Vanadium \ 0.01

Coating Chemical Analysis

Coating Chemical Analysis
(Reported as Wt. %)

3-111-4
Bismuth Bi 0.006
Tin Sn 0.011

Fracture initiation area shows dimples or cup and cone features Propagation area shows fracture features of both cleavage Final fracture area shows dimpled ductile fracture features.
typical of ductile fracture. Ductile fractures in the origin area and ductility. Cleavage is indicated by the facets or fan like Final fracture occurs when the remaining material is
usually indicates tensile overload. appearance. This is a common mode of propagation. insufficient to sustain the load.

Micro-Structure Examination _ _
Threaded Area Mid Radius

L}

Thread root does not indicate cracking. Essentially martensitic structure



Charpy V-Notch Impact Test

Full-Size Tensile Testin

Sample 4-111-1

ASTM A354 BD

SAMPLE 4-111-1: 2" BEARING TOP BOLT - TEST 11l

(43.51in.) Requirements
395.9 375.0 min
158.4 140 min

ASTM A354 BD

Requirements
146.7 115 min
159.9 140 min
17.0 14 min
50.4 40 min

Hardness Testing Across the Diameter

0.125 35 350
0.250 36 376
0.375 37 365
0.500 37 376
0.625 34 355
0.750 34 332
0.875 36 343
1.000 35 341
1.125 34 340
1.250 35 340
1.375 36 378
1.500 35 360
1.625 36 363
1.750 36 342
1.875 35 372

Force-Displacement Curve: Sample 4-111-1

1o

395.9 kip max

— DCDT Data; 39.1-in. GL
- - - - Approximate Elastic Slope

-0.50 0.00 0.50 1.00 1.50 2.00

230

3.00
Displacement, inch
Rockwell C Hardness Survey: Sample 4-111-1 Knoop Hardness Survey: Sample 4-111-1
45 390
370 ’\ A A

40 w \ / \/\
@ =+ + 350 -
2 I
5 ‘/_\ ~ \
g 35 L 4 A ‘N—\ 2 \/"H_J
T —o T~ & 330
5 + + 5
g 30 i 310

o

[S] o
£ g 20

25 —+—HRC ||

270 ~—Knoop ]
+ ASTM Req.
20 ; ; : 250 ; : :
0.00 0.50 1.00 150 2.00 0.00 0.50 1.00 1.50 2.00

Location (in.)

Location (in.)




Spectrochemical Analysis

Spectrochemical Analysis
(Reported as Wt. %)

ASTM

4-111-1 A354
Aluminum Al 0.02
Carbon (& 0.4 0.33-0.55
Chromium Cr 0.92
Cobalt Co 0.01
Copper Cu 0.21
Manganese Mn 0.86 0.57 min.
Molybdenum Mo 0.20
Nickel Ni 0.10
Phosporus P 0.021 0.040 max.
Silicon Si 0.25
Sulfur § 0.024 0.045 max.
Titanium Ti <0.01
Vanadium \ <0.01
Coating Chemical Analysis

Coating Chemical Analysis
(Reported as Wt. %)

4-111-1
Bismuth Bi 0.006
Tin Sn 0.012

Scanning Electron Microscopy

Overview
T311085 4-NI-1A-2 2"

Ok Ok SE 6/13/201 ] ) 0
Fracture initiation area shows dimples or cup and cone features
typical of ductile fracture. Ductile fractures in the origin area
usually indicates tensile overload.

Micro-Structure Examination
Threaded Area

Thread root does not indicate cracking.

Propagation Final Fracture
| R ™

S

{ ‘|'|'||"'| 'n:1 I:! E 3 L
Propagation area shows fracture features of both cleavage
and ductility. Cleavage is indicated by the facets or fan like
appearance. This is a common mode of propagation.

mm 3 09
Final fracture area shows dimpled ductile fracture features.
Final fracture occurs when the remaining material is
insufficient to sustain the load.

Mid Radius

Inclusions and banding observed in steel.
Essentially martensitic structure.



SAMPLE 4-111-2: 2" BEARING TOP BOLT - TEST Il

Full-Size Tensile Testing

Full Size Tensile Testing

Force-Displacement Curve: Sample 4-111-2

Sample 4-111-2 ASTM A354 BD
(35.5in.) Requirements 400 ; < .
Tensile Load (Kips) 3929 375.0 min i ' < 392.9 kip max
Tensile Strength (ksi) 157.2 140 min L '

Reduced Section (.505 Sample) Tensile Testing 300

.505 Sample Tensile Test Results

=1
i
o ASTM A354 BD .
Identification 4-111-2 Requirements E 200 [
Yield Strength (ksi) 144.4 115 min & L DCDT Dataj 29.1-in. GL
Tensile Strength (ksi) 156.6 140 min e _ Ak : ;
Elongation in 2" Gage (%) 15.0 14 min 100 [ Approximate Elastic Slope
Reduction of Area (%) 46.6 40 min |
Charpy V-Notch Impact Test [
Charpy V-Notch Impact Energy Results 0
(ft-Ib) -0.50 0.00 0.50 1.00 1.50 2.00 2.50 3.00
Identification 4-111-2 Displacement, inch
Temperature 40°F 70°F i
Sample 1 28 37
Sample 2 28 38
Sample 3 26 40
Average 27.3 38.3
Hardness Testing Across the D'a”leltlelrz Rockwell C Hardness Survey: Sample 4-111-2 Knoop Hardness Survey: Sample 4-111-2
e rr 45 410
Location (in) HRC Knoop
0125 35 370 390 A/ﬁii
0.250 37 369 40 A
0.375 38 338 —|— 370 | A
0.500 38 350 8 3 \ / \ /
0.625 37 320 5. R A~ e < 350
0.750 33 375 s v 8 \/\ / V
0.875 35 336 o —|— S 330
1.000 32 386 = £ V
1125 33 348 330 o
1.250 36 390 g g %10
1.375 35 374 o 4
1,500 33 387 ——HRC 290 B
1.625 3% 387 % ] —=—Knoop
1.750 36 388 + ASTMReq 210 I
1.875 36 410 '
20 : : : 250 ‘ ‘ :
0.00 0.50 1.00 1.50 2.00 0.00 0.50 1.00 1.50 2.00

Location (in.) Location (in.)




Spectrochemical Analysis Scanning Electron Microscopy

Sl AR S retio0s a2
ASTM

4-111-2 A354
Aluminum Al 0.02
Carbon (& 0.40 0.33-0.55
Chromium Cr 0.92
Cobalt Co 0.01
Copper Cu 0.21
Manganese Mn 86.00 0.57 min.
Molybdenum Mo 0.20
Nickel Ni 0.09
Phosporus P 0.021 0.040 max.
Silicon Si 0.25
Sulfur § 0.019 0.045 max.
Titanium Ti <0.01
Vanadium \ <0.01
Coating Chemical Analysis Frac‘tfre_lnitiator.] Proaation FinI racre

Coating Chemical Analysis =
(Reported as Wt. %)

4-111-2
Bismuth Bi 0.006
Tin Sn 0.010

Fracture initiation area shows dimples or cup and cone features
typical of ductile fracture. Ductile fractures in the origin area
usually indicates tensile overload.

Micro-Structure Examination
Threaded Area

Thread root does not indicate cracking.

: 1T Sl f114% 1412
Propagation area shows fracture features of both cleavage
and ductility. Cleavage is indicated by the facets or fan like
appearance. This is a common mode of propagation.

Mid Radius

Inclusions and banding observed in steel.
Essentially martensitic structure.

Final fracture area shows dimpled ductile fracture features.
Final fracture occurs when the remaining material is
insufficient to sustain the load.



Full-Size Tensile Testing

Full Size Tensile Testing

SAMPLE 7-111-1: 3.5 PWS STRAND ANCHOR ROD - TEST Il

Sample 7-111-1 ASTM A354 BD
(45.8 in.) Requirements
Tensile Load (kips) 1320.9 1166.2 min
Tensile Strength (ksi) 158.6 140 min

Reduced Section (.505 Sample) Tensile Testing

.505 Sample Tensile Test Results

ASTM A354 BD

Identification 7-111-1 Y —
Yield Strength (ksi) 138.8 115 min
Tensile Strength (ksi) 158.3 140 min
Elongation in 2" Gage (%) 17.0 14 min
Reduction of Area (%) 53.1 40 min

Charpy V-Notch Impact Test

Charpy V-Notch Impact Energy Results

(ft-1b)

Identification 7-111-1
Temperature 40°F 70°F
Sample 1 36 37
Sample 2 37 40
Sample 3 36 40

Average 36.3 39.0
Hardness Testing Across the Diameter
7-111-1
Location (in) HRC D
0.125 39 379.0
0.250 36 381.0
0.375 37 387.0
0.500 37 397.0
0.625 36 411.0
0.750 37 396.0
0.875 35 371.0
1.000 31 360.0
1.125 31 363.0
1.250 30 317.0
1.375 32 296.0
1.500 29 355.0
1.625 31 299.0
1.750 30 332.0
1.875 29 352.0
2.000 30 371.0
2.125 28 280.0
2.250 31 370.0
2.375 32 402.0
2.500 31 362.0
2.625 34 334.0
2.750 32 350.0
2.875 36 393.0
3.000 37 374
3.125 37 390
3.250 38 390
3.375 36 405

Force-Displacement Curve: Sample 7-111-1

Location (in.)

Location (in.)

1500 T ;
. 1
s 1320.9 kip max — —
1250 + L =
; r
1000
g [
$ 750 £ DCDT Data; 41.1-in. GL
] - / - - - - Approximate Elastic Slope
[ [
500 /
250 +
0 [ B B A A A A B A A A A A A A A A A A
-0.50 0.00 0.50 1.00 1.50 2.00 2.50 3.00
Displacement, inch
Rockwell C Hardness Survey: Sample 7-111-1 Knoop Hardness Survey: Sample 7-111-1
45 430
410 A
N + + ™ A\
g \/—\/\ ,/—/\ ¥ 370
B35 = \
£ @ 350 .
0 5 \
= T 330
24 + 3 v/\ N + = \ / \ \ l
o o
S V\/ 2 310
g g N
25 ——HRC || 290 l [
—i—Knoop
+ ASTM Req. 270 .
20 T T T T T T 250 T T T T T T
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50




Spectrochemical Analysis Scanning Electron Microscopy

Spectrochemical Analysis _O\{erylew_
(Reported as Wt. %) i ;
ASTM | Final Fracture
7-111-1 A354 Im ‘
Aluminum Al 0.03
Carbon € 0.37 0.33-0.55
Chromium Cr 1.04
Cobalt Co 0.01
Copper Cu 0.17
Manganese Mn 0.98 0.57 min.
Molybdenum Mo 0.18
Nickel Ni 0.09
Phosporus P 0.012 0.040 max.
Silicon Si 0.20
Sulfur S 0.026 0.045 max.
Titanium Ti <0.01
Vanadium \Y <0.01
Coating Chemical Analysis , Fracture Initiation Propagation Final Fracture
Coating Chemical Analysis 2] :
(Reported as Wt. %)
7-111-1
Bismuth Bi 0.006
Tin Sn 0.014

SE

Fracture initiation area shows dimples or cup and cone features Propagation area shows fracture features of both cleavage Final fracture area shows dimpled ductile fracture features.
typical of ductile fracture. Ductile fractures in the origin area and ductility. Cleavage is indicated by the facets or fan like Final fracture occurs when the remaining material is
usually indicates tensile overload. appearance. This is acommon mode of propagation. insufficient to sustain the load

Micro-Structure Examination
Threaded Area

500,000 P N )
Thread root does not indicate cracking. Inclusions and banding observed in steel.
Essentially martensitic structure.




SAMPLE 8-111-1: 4" TOWER SADDLE TIE ROD - TEST 1l

Full-Size Tensile Testing

Full Size Tensile Testing . .
Sample 8-111-1 TR Force-Displacement Curve: Sample 8-111-1
(25.51in.) Requirements 1800 i
Tensile Load (Kips) 1676.0 1551.2 min 1676 kip max — —_
Tensile Strength (ksi) 151.3 140 min 1600 ‘ﬁ(
1400 /
Reduced Section (.505 Sample) Tensile Testing /
505 Sample Tensile Test Results . 1200 /
€ 1000
Identification 8-111-1 ASTM A354 BD < I
Reqwrements a
Yield Strength (ksi) 136.4 115 min 5 8w l R RNy o ARRERRRARALAL
Tensile Strength (ksi) 1615 140 min 600 W“ | SN NN e
Elongation in 2" Gage (%) 17.0 14 min / -
Reduction of Area (%) 49.3 40 min 400 I - 1, IR cE AL LRl \ F
Charpy V-Notch Impact Test 200 /
Charpy V-Notch Impact Energy Results 0
(ft-1b) 0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60
Identification 8-111-1 Displacement (in)
Temperature 40°F 70°F
Sample 1 17 19
Sample 2 17 18
Sample 3 16 18
Average 16.7 18.3
Hardness Testing Across the Diameter
8-111-1
Location (in) HRC .
0.125 31 327 Rockwell C Hardness Survey: Sample 8-111-1 Knoop Hardness Survey: Sample 8-111-1
0.250 32 336 45 430
0.375 36 384
0.500 37 383 410
0.625 36 366 0 ﬂ x r\
0.750 36 350 _|_ _|_ 390
0.875 34 406 " —
@ X
1,000 34 408 g f/.\’_‘\ A I 370
1.125 34 355 3 2
1.250 31 322 T @ 350
o 5 ! \/ \/ \ 4
1.500 2 376 3 + + T 330 - Y
1.625 2 314 2% 74 2 y
Q [}
1.750 31 362 g g 310
1.875 31 399
2.000 34 346 25 —+=HRC || 290 =
2.125 29 365 —m—Knoop
2.250 31 408 + ASTM Req. 270 ]
2.375 32 366
2.500 32 385 20 ‘ ‘ ; ‘ ‘ ‘ ‘ 250 ‘ ‘ ‘ w w w w
2625 = 29 0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00
2.750 35 N Location (in.) Location (in.)
2.875 36 338
3.000 36 379
3.125 36 360
3.250 36 368
3.375 37 379
3.500 36 346
3.625 36 366
3.750 34 360
3.875 31 365




Spectrochemical Analysis Scanning Electron Microscopy

Spectrochemical Analysis Overview
(Reported as Wt. %)
ASTM

8-111-1 A354
Aluminum Al 0.02
Carbon € 0.38 0.33-0.55
Chromium Cr 1.04
Cobalt Co 0.01
Copper Cu 0.18
Manganese Mn 0.98 0.57 min.
Molybdenum Mo 0.17
Nickel Ni 0.14
Phosporus P 0.010 0.040 max.
Silicon Si 0.32
Sulfur S 0.021 0.045 max.
Titanium Ti <0.01
Vanadium \ 0.01
Coating Chemical Analysis

Coating Chemical Analysis
(Reported as Wt. %)

8-111-1
Bismuth Bi 0.007
Tin Sn 0.009

Fracture initiation area shows dimples or cup and cone features

- . ] ; . Propagation area shows fracture features of both cleavage Final fracture area shows dimpled ductile fracture features.
typical ‘?f d_uctlle fract_ure. Ductile fractures in the origin area and ductility. Cleavage is indicated by the facets or fan like Final fracture occurs when the remaining material is
usually indicates tensile overload. appearance. This is a common mode of propagation. insufficient to sustain the load.

Micro-Structure Examination
Threaded Area

Mid Radius (400x)

500,000 pm Y
Thread root does not indicate cracking. Inclusions and banding observed in steel.
Essentially martensitic structure.



SAMPLE 11-111-1: 3" TOWER OUTRIGGER - TEST 111

Full-Size Tensile Testing

Full Size Tensile Testing

Sample 111111 SETIE Force-Displacement Curve: Sample 11-111-1

(24.81in.) Requirements 1200

Tensile Load (kips) 996.9 835.8 min

Tensile Strength (ksi) 167.0 140 min

<

1000 996:9 kip max

/7 7>
Reduced Section (.505 Sample) Tensile Testing /

[e ]
o
o

.505 Sample Tensile Test Results
ASTM A354 BD :

[o2]

o

o
AN

Force (kip)

Identification 11-111-1 Requirements

N
o
o

Yield Strength (ksi) - 115 min
Elongation in 2" Gage (%) - 14 min
Reduction of Area (%) - 40 min

Ny
o
o

Tensile Strength (ksi) - 140 min
/
Charpy V-Notch Impact Test /
Charpy V-Notch Impact Energy Results —_—

(ft-Ib) 0 0.1 0.2 0.3 0.4 05 06 07

Identification 11-111-1 Displacement (in)

Temperature - -

Sample 1 - -

Sample 2 - - Note:

Sample 3 - - There was not enough length in the non-strain hardened portion of this sample to perform reduced section analysis, Charpy V-Notch testing, hardness testing or spectrochemical analysis.

Average - -

Hardness Testing Across the Diameter

11-111-1
HRC Knoop

Location (in)

0.125 - -

0.250 - -

0.375 - -

0.500 - -

0.625 - -

0.750 - -

0.875 - -

1.000 - -

1125 - -

1.250 - -

1.375 - -

1.500 - -

1.625 - -

1.750 - -

1.875 - -

2.000 - -

2.125 - -

2.250 - -

2.375 - -

2.500 - -

2.625 - -

2.750 - -

2.875 - -




Spectrochemical Analysis Scanning Electron Microscopy

Spectrochemical Analysis _ ] Overview
(Reported as Wt. %) =¥ i S
- Final Fracture
e | AST = o
A354 F

Aluminum Al
Carbon C 0.33-0.55
Chromium Cr
Cobalt Co
Copper Cu
Manganese Mn 0.57 min.
Molybdenum Mo
Nickel Ni
Phosporus P 0.040 max.
Silicon Si
Sulfur S 0.045 max.
Titanium Ti
Vanadium \
Coating Chemical Analysis Propagation

Coating Chemical Analysis

(Reported as Wt. %)
11-111-1

Bismuth Bi 0.007
Tin Sn 0.017

= a £l Jmm x1.0 il 10
Fracture initiation area shows dimples or cup and cone features

b W =1 ! 0 30.0u V 2 kK B8/ :
Propagation area shows fracture features of both cleavage Final fracture area shows dimpled ductile fracture features.
typical of ductile fracture. Ductile fractures in the origin area and ductility. Cleavage is indicated by the facets or fan like Final fracture occurs when the remaining material is
usually indicates tensile overload. appearance. This is a common mode of propagation. insufficient to sustain the load.

Micro-Structure Examination
Threaded Area

Mid Radius

M kon

Outer diameter section does not indicate cracking.

Inclusions and banding observed in steel.
Essentially martensitic structure.



Full-Size Tensile Testing

SAMPLE 12-111-1: 3" TOWER ANCHORAGE ANCHOR BOLT - TEST 111

Full Size Tensile Testing

Sample 12-111-1 Sample 12-111-1 ASTM A354 BD
(Test1-50.251in.) (Test2-44.0in.) Requirements
Tensile Load (kips) 924.6 972.0 835.8 min
Tensile Strength (ksi) 154.9 162.8 140 min

Reduced Section (.505 Sample) Tensile Testing

.505 Sample Tensile Test Results

ASTM A354 BD

Identification 12-111-1 Requirements
Yield Strength (ksi) 147.6 115 min
Tensile Strength (ksi) 163.3 140 min
Elongation in 2" Gage (%) 17.0 14 min
Reduction of Area (%) 54.8 40 min

Charpy V-Notch Impact Test

Charpy V-Notch Impact Energy Results

(ft-1b)

Identification 12-111-1
Temperature 40°F 70°F
Sample 1 47 52
Sample 2 51 52
Sample 3 49 49
Average 49.0 51.0

Hardness Testing Across the Diameter
Location (in) 12-111-1

HRC Knoop
0.125 35 371.0
0.250 35 355.0
0.375 37 376.0
0.500 37 370.0
0.625 38 402.0
0.750 37 382.0
0.875 36 343.0
1.000 34 350.0
1.125 33 405.0
1.250 32 325.0
1.375 30 334.0
1.500 30 308.0
1.625 29 302.0
1.750 28 305.0
1.875 30 317.0
2.000 33 375.0
2.125 30 367.0
2.250 33 385.0
2.375 34 396.0
2.500 34 393.0
2.625 36 376.0
2.750 37 360.0
2.875 37 365.0

Force-Displacement Curve: Sample 12-111-1

1000

i

972.0 kip max

800 /
600

DCDT Data - Test 1; 39.7-in. GL.

Force, kip

400 / T

Approximate Elastic Slope

DCDT Data - Test 2; 39.7-in. GL

200

(I - Ak n P T

Approximate Elastic Slope

-0.50 0.00 0.50 1.00

1.50

Displacement, inch

2.00 2.50

During the testing of sample 12-111-1, the bar reduction in area caused the threads to slide at a load larger than the ultimate requirement. The test was
performed a second time in order to achieve a fracture across the diameter of the rod. The tabulated results and attached graph represent the first and second
tests respectively. Note that the second test results are also affected by residual strains from the previous pull and the effects of work hardening.

Rockwell C Hardness Survey: Sample 12-111-1

45

’ +
(%]
4 /
C
S35 —¢
<
I
]
e + +
Z 2
o
[}
@

——12-111-1
25 =
+ ASTM Req.
20 . . : : :
0.00 0.50 1.00 1.50 2.00 2.50

Location (in.)

3.00

Knoop Hardness (HK)

Knoop Hardness Survey: Sample 12-111-1

430

410

390

350

370 f—v

330

310

290

270

250

——Knoop

0.50

1.00

1.50
Location (in.)

2.00

2.50

3.00




Spectrochemical Analysis

Spectrochemical Analysis
(Reported as Wt. %)

ASTM
12-111-1 A354

Aluminum Al 0.02

Carbon € 0.38 0.33-0.55
Chromium Cr 1.04

Cobalt Co 0.02

Copper Cu 0.21

Manganese Mn 0.90 0.57 min.
Molybdenum Mo 0.17

Nickel Ni 0.08

Phosporus P 0.009 0.040 max.
Silicon Si 0.27

Sulfur S 0.021 0.045 max.
Titanium Ti <0.01

Vanadium \Y 0.01

Coating Chemical Analysis

Coating Chemical Analysis
(Reported as Wt. %)
12-111-1
Bismuth Bi 0.030
Tin Sn 0.012

Scanning Electron Microscopy
Overview

Final Fracture

Fracture initiation area shows dimples or cup and cone features
typical of ductile fracture. Ductile fractures in the origin area
usually indicates tensile overload.

Micro-Structure Examination

Threaded Area

Thread root does not indicate cracking.

Propagation

Propagation area shows fracture features of both cleavage
and ductility. Cleavage is indicated by the facets or fan like
appearance. This is a common mode of propagation.

Inclusions and banding observed in steel.
Essentially martensitic structure.

Final Fracture

Final fracture area shows dimpled ductile fracture features.
Final fracture occurs when the remaining material is
insufficient to sustain the load.



Full-Size Tensile Testing

Full Size Tensile Testing

SAMPLE 14-111-1: 2" EAST SADDLE ANCHOR ROD - TEST 111

Sample 14-111-1 ASTM A354 BD
(31.5in.) Requirements
Tensile Load (kips) 376.0 375.0 min
Tensile Strength (ksi) 150.4 140 min

Reduced Section (.505 Sample) Tensile Testing

.505 Sample Tensile Test Results

Identification

14-111-1

ASTM A354 BD
Requirements

Yield Strength (ksi) - 115 min
Tensile Strength (ksi) - 140 min
Elongation in 2" Gage (%) - 14 min
Reduction of Area (%) - 40 min

Charpy V-Notch Impact Test

Charpy V-Notch Impact Energy Results

(ft-1b)

Identification 14-111-1
Temperature 40°F 70°F
Sample 1 24 50
Sample 2 32 45
Sample 3 25 46

Average 27.0 47.0
Hardness Testing Across the Diameter
14-111-1
Location (in) HRC D
0.125 33 368.0
0.250 34 370.0
0.375 34 385.0
0.500 35 376.0
0.625 35 363.0
0.750 32 343.0
0.875 33 350.0
1.000 33 349.0
1.125 32 307.0
1.250 32 346.0
1.375 34 359.0
1.500 34 329.0
1.625 35 345.0
1.750 36 341.0

Force-Displacement Curve: Sample 14-111-1

400 ;
[ ! W(—S%.O kip/max
: /
300
_ I
=2
g‘ 200
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Note: There was not enough length on this sample to perform reduced section analysis.




Spectrochemical Analysis

Spectrochemical Analysis
(Reported as Wt. %)

ASTM
14-111-1 A354

Aluminum Al 0.02

Carbon € 0.40 0.33-0.55
Chromium Cr 0.97

Cobalt Co 0.01

Copper Cu 0.19

Manganese Mn 0.90 0.57 min.
Molybdenum Mo 0.16

Nickel Ni 0.10

Phosporus P 0.013 0.040 max.
Silicon Si 0.27

Sulfur S 0.024 0.045 max.
Titanium Ti <0.01

Vanadium \Y 0.01

Coating Chemical Analysis

Coating Chemical Analysis
(Reported as Wt. %)
14-111-1
Bismuth Bi 0.003
Tin Sn 0.005

Scanning Electron Microscopy
Overview

7311093 14-1II-1A-1, 2"

i

Exova kv smm x1. = B 3 3
Fracture initiation area shows dimples or cup and cone features
typical of ductile fracture. Ductile fractures in the origin area
usually indicates tensile overload.

Micro-Structure Examination
Threaded Area

Ex M 400,000y

Thread root does not indicate cracking.

Propagation
i r

_.‘..-_ OV B0.5mm K SE 8M2/2013 1207
Propagation area shows fracture features of both cleavage
and ductility. Cleavage is indicated by the facets or fan like
appearance. This is a common mode of propagation.

Mid Radius

E 1 ) il Mag: 4 kon
Inclusions and banding observed in steel.
Essentially martensitic structure.

mm x1.00k SE
Final fracture area shows dimpled ductile fracture features.
Final fracture occurs when the remaining material is
insufficient to sustain the load.
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