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Appendix A: Calibration Constants

Strain Transducers from Bridge Diagnostics Inc. (BDI)
Calibrations are provided by Bridge Diagnostics Inc. but must be modified based on
supplied voltage. A supply voltage of 5 V was applied to each strain transducer.

General Factor me/mV /V x1000 mV V
Input VoltageV

Calibration Constant =

These modified constants for the strain transducers can be found in Table A. 1.

Table A. 1: Calibration Constants for Strain Transducers

Calibration Constant

Strain Transducer Label General Factor (5V)
BDI 1269 503.9 pe/mV/V 100,780 pe/V
BDI 1270 497.0 ue/mV/V 99,400 pe/V
BDI 1271 503.5 pe/mV/V 100,700 pe/V
BDI 1272 496.7 ue/mV/V 99,340 pe/V
BDI 1273 493.6 pe/mV/V 98,720 pe/V
BDI 1274 502.4 pe/mV/V 100,480 pe/V




Appendix B: Kansas Bridge 135-087 (043/044) Plans

Original Plans
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Figure B. 1: Contour map.
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Figure B. 2: Construction layout of southbound bridge.




Figure B. 3: Construction layout of northbound bridge.
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Figure B. 4: Engineering geology.
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Figure B. 5: Abutment details.
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Figure B. 6: Auxiliary abutment details.



T HRRDO3S ] wﬂornn.

1LO047 207 NYd
s Boiltzel OF 5
HIAHD WO T H3AD MEE-l Wr - - .
SW HAd o - O O O
8N STEZ-iE on 390 i
8% CCEZ-UE “e-sy =5 waraa [regs pees du n o !
SYENVN A0 KOI 2 svmmei 3dvie PR ot e = =5 4 - -
P b 100 T * 43118 o0 € « s tied v - = T T ry - L
- HILHYW 9 MIMDEAE PR ST S e Du) N ; m_dn
:n[ﬂ = ey T AHSTURLL T T 5 Eahp RTi J1E ARL TRcefEI pem o [l WA ¥ ) (TIREIHOD Mu - ~~ o
+— T i T e P AR 2 W RO MG Y Wareata RG] I H ] o
B | I . hd
e = (=" T = & ! . [
. 1
V‘rgﬁﬂh\ = S S (=t n.\ i =
| w575 &5 RS o EELT - =3 - =T
e Do/ e
STILLNTAD J0 AHVNN Id 40 NOIIw 3
=T q— ] __ 7 T T T L
o EEEy DSOS O
Erg £E SLgmooz =R + T T, [
Eri by sz [ RN — L] - e e b it s
{ y 7 3 { | W o)
ST o oo o T, -
s e Bl iy T -
2Ad ! EaE " Ty -

.
f
——

Lstemets
Cogerg

==

if;
Wd

o
i
i PO
gégg'ﬂ_
T B Y S

e

i

==y

oo e 1,0 8 B &

Slojey [48] 19
# R

2 JN .

N =)

10

Y

2
|
g
-
=
[+
L]
=N
=
3 4
=]
b
2
E
Y [i[!
&
T+
o

Geport ey T T ;
LPTE, H 1 1 i i,
: r ,
- = _ L . | nr Al N
AN IVd J0INI0 SR === S
o i/ oy T,
ﬂmm\xonnhbun - @ﬂsﬂw\ Ly BT ._M_m_\m_M_ ﬁ.&ﬂm\ Clzrasd mm.,.n«b_ ﬁxﬁn«.h T
- B
L A ;.wnzl_ | WVIE 31T 30NV Td . . o e s g e
|i7 " 8 ! i, . PR [T e e
. Wﬂ L Ree N A TR o e e A
. = ) = T
] AT, M kS b4 =+ e e e e i 5 | 7 il
g 1% n 3 ey i <4
i , . === ====E=sE : = E . NEEY
P B 3 7
B, T ? Mm == A TE _ y=r=r
TELTE A .
e T T e P/\ %, DS LR S ol A
- L e Y
e : /
‘i F Ty - P
A e e : FlE e SR CLAED
eI _.ﬂ._s.._

Figure B. 7: Pier details.
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Figure B. 8: Girder details.
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Figure B. 9: Concrete details.

11



T TN S E0+ 58 wim
W 80262l
HAID WIHEHD HIAD MEE

SyYL3G, 3IA30 OMHVIE s B
N i
T cire-ipomoe TN 390wE Phe mos £hay o ) -
Ei =7 v S
T G S LI A
4 FEY OS2 Sy SSOQ g ¥
ELEOT A ﬂﬂWu(u OEEE AEFT
]
371

BYEHYA 40 ROIBRIMMOD AVMHBIH FIVLS
seoy L T = mm ) CREZF O F L O g T
I
. L] O Ed
P
]
- —
-

JIL5T0d a7 T Cd

!
|
§

:
E _
3

A

e, s aire
_sv:s!aix__z-!:tii_ﬂg
.Is-.e

e o
A BT senl f0 By feaqiln SR 8 pawcn T U e
608 T i 453 Ak N A8 Sawor ELQVL FRRITEV
: o v o o byt MY
a1 a6 1 1813 243 apage) wamp wvey (VDTS M

&

WOEFEIF W E 5 FiE

27 7 E A 5 :
= 7 e =
g AMEHE% i o " e
RN - s
[ 1 I _ _
.— N .

~INOAY T LIDE HOHONV 8 ONEvId 4 OLLYA,

3
&

= B
AR

=r="3

AT N

S e
o | g | o feenteeron oo | w | P =

[ [ ] | e )

Figure B. 10: Bearing device details.
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Repair Plans

STATE OF KANSAS
DEPARTMENT OF TRANSPORTATION

BRIDGE REPAIR

KANSAS PROJECT
SEDGWICK COUNTY
135
PRO.J. NO, 135-87 KA—2221-01

|/ g
|
1
— \'_I”/ ) il
N
‘_/
— F \,"'I'(_

Br. Mo, 135-87-14.75 (043) 5B
Br. No. 135-87-14.74 (044) NB

PROJ. NO. 135-87 KA-2221-01 A D ARTMENT

TITLE SHEET

BRIDCE MO 135-87 (043 (044) SEOCGWICK Co. ‘ |

Figure B. 12: Title sheet.
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SUMMARY OF STRUCTURAL STEEL QUANTITIES (For Information onlyl
Bridge Connection Anglel % Flate #* Plate Backing Plate FillFlate Fill Plate
sombar [B % B ¥t 3VET e TVAt o 10V | Fat e 3T TVAT| P TVATw POt | et x 3w TV et w 3WHtw 3l
(Each! (Each! {Each) (Each! {Each) (Eachl
(0431 160 &0 60 50 60 an
(o441 Jz0 120 120 o0 120 160
Tatal 480 180 180 50 180 240

# To be used in ‘Fobricated Backing Plate Angle’, X' AIEE Boit
3 =] &

POUNDS OF STRUCTURAL STEEL: A
Singla Wab Stiffensr Locotions e - 960 Total
gr. Ne. (043)....3.300 b5, Jt o= 330 Total

gr. No. (044),...6,6800 lbs,
Dowbia Wab Stiffener Locotions
Br. No. (043)....2,354 |bs.
gr. Neo (04940,...4,708 1bs,
TOTAL:

Gr. No. (043)....5,654 |bs
Hr. Ne. (0494),..01,308 lbs,
TOTAL. .vvvovv oo JE 962 [ b5,

INDEX TO DRAWINGS
Shest No. Orowing
! Tilhe Sheat
21 Ganeral Nofes and Quaniities
4 Consfruction Layoaut
5
[

Framing Plan
Exisfing Girder Dafails of Cross Fromes
78 Proposed Girder Wab Repalr Defolls of Cross Fromes
[Single Web Stiffensr Locofions)
ayp |Froposed Girder Web Repair Detoils of Cross Frames
{Doubla Web SHffansr Locations)
" Shructural Steal Defails

SUMMARY OF QUANTITIES
ITEM LNITS QUANTITY
Hridge Repair Lump Sum Lump Sum
| lagger (Sel) Howr !
Mobiiization Lumg Suim Lumy Sum

I *i: 50 Singls Web Sfiffaner Locotons
I0 #2: 50 Double Web SHffanse Locolions

Nore: On Brigge (0430, repair conneclions oF tha boffom flangas aniy.
On Bridge (044), repair connections of both the boffom and fop flongas,

FROJ. NOL130-BT KA-ZZZ-01

EANSAS DEPARTMENT
OF TRANSPORTATION

GENERAL MOTES AND QUANTITIES
BRIDGE MO.I135-87 1043) (044)

SEDGWICK Co. 2

Figure B. 13: General notes and quantities.
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GENERAL WOTES

EXISTING INMENSION VERIFICATION: Limansions of the
saisting structure ore bassd an ofd plans, Verify,
by figld measurament, fhe as-built dimensions of the
existing sfructure and submit such verifioation in
writing fo the Engineer. The verification will include
skaiches, drowings, phatographs and descriphions as
needed To clearly define the os—bwilt aimensions that
will be {noorparated in the mew congtruction.

EXISTING STRUCTURE: Plans of ftha exiasfing sfructure ara on
file and ovaliobia for [nspsciion by quaollfied Widdars
af fthe State Bridge Office. KOOT, Eisenhowsr Shafe
Office Building, fO0 SW Harrison, Topeka, K5,

BRIDGE REPAIR: The bid ffem ‘Bridge Repair (Lump Sum!® shail
b fuil compensation For moterials, jabor ond equipment necessary
fo parform the work 05 shown,

STRUCTURAL 5TEEL: Structural steel shall be ASTM ATGS Gr. 36
The structural stesl shall be shipped unpainted,

BOLTE: Al bofts, nuts ang hardenad Flaf woshers shall
conform fo the heawy hex strucfural requirements of ASTM
AJZS, Type |, and KOOT Specileofions waless ofharwise
nated.  Direct Tension Indicators (071570 are to comply
with the requirements of the lafest sdition of ASTM
Fa59, No allfowance will ba made far Wah sfrengh bolfs
uzad for parmanant or temparary connechions. This work
i5 subsiciary fo e Wd ilem, "Bridge Repair® (Lums Sumb
The aumbar of bolfs {5 shown For the corveniance of fhe
Confractor,

BOLTED CONNECTIONS: Use 4 digmeter heawy hex structural
botfs for alf connections, Use 'Hg* diomefer balf hales,
Siofted hofes require one addifiongl sfandard hardansd
woshar o plate wosher,

Use [Nrect Tenaion Indicatars (OT1s) on ol figh
strength baits. Place fhe OT! undar the bolf heod and
furn the o fo tighfen. This meffod s prafarred
whenove® possible. Foce the profrusions on the O] fo
the underside of fhe bolf head. Ploce o hardsned Mlaf
washar wnder the nut, See KDOT  Specifioations,

PAINTING: Faint ol surfaces that have basn exposed Oy rapair
proceduras. Paoint alf new sfrucfural stesd. The surfocss
to be painfad shall ba cleanad fo mast Steal Strucfurss
Fainfing Counail Spacifications SSPC-5PE. The flald coofs
appliad shall conform fo an organic zinc poimer with a
walarborna gorylic finfsh coof. The findsh coot will be Kaonsos
dork grean. The color shall mafch Fedaral Sfandard *34102.
Painting shali be subsidiary 'o the Bd ffam "Bridge Repalr
(Lemp Suml.

QUANTITIES: tams nof listed saporafely in Mhe Summory of
Cuantities are subsidiary to ofther fems in the
proposal,

GENERAL WOTES AND QUANTITIES

RO MO 135-87 KA-2221-01 e
BRIDGE NO. 135-87 (043) 1044) SEDGWICK Co. 3

Figure B. 14: General notes and quantities.
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SECTION B-B

EXISTING GIRDER DETAILS AT CROS

5 FRAMES

FROJ. MO 135-B7 KA-22Z21-01

EANSAS DEPARTMENT
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BRIDGE M. 135-87

043 (044)

SEDGWICK Co. -]

Figure B. 17: Existing girder details at cross frames.
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SUSGESTED REPAIR PROCEDNRES:

I} Remove Dot thru existing cross frome and sHffener.

2} Piace Connaction Angles and Fill Plate as shown [n the details and use axisting hoie os o ftemplate fo drill o "8
e Mhrw the Conmeclion Angies, FIN Plate, sxisting cross frome and siiffener. Aoch with o 39 A3Z25 boir.

3 Drill g@ holes thru existing web using shop drilled holes in the Connection Anglas as o templafe.

4} Atfach the Bocking ® as shown in fhe defails with o 34°0 A325 bolf using the shop drifled slatted hole.

5 Drill the remaining "Hg'® holes in the Backing € using Mo praviously drifled holes [ ihe sxisting web o5 o fempiofe.
Complete aitachmant with J4'0 A3ES boirs.

&) Paint all surfacas in the repair arso with o wolsrborns gorylic finiah codf.
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fo fhe repalr defalfls o the botfom flange.

.

e
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s Allgn with sm's.f.-'nu_',rl
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GIRDER SECTION
Lagand

Fiald Orilied “Ys'e Holes
Note: Sou rieat sheaf for "Section A-A", "Section B-8 and "Ssclion C-C°, @ i e e
) shap Dritied '¥g'@ Holes
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Figure B. 18: Proposed girder web repair details at cross frames (single web stiffener locations).
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Figure B. 19: Proposed girder web repair details at cross frames (single web stiffener locations).
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SUGGESTED REPAIR PROCEINRES:

11 Remoee boit thry axisting cross frome and stiffensr,

2} Ploca Connaction Angles and Fili Plate as shown in the datails and use axisting fole o5 o femplate fo arift o 'Yg"@
hole thru the Canneclion Angles, FIll Plate, existing cross frame and stiffener. AMoch with o 38 A325 bail.

30 Orili ig® hoves thru existing web using shop drilied foles in fhe Connecfion Angles as o tempiare,

4) Placs Fobricated Bocking ® Anglas and Fill B's o5 shown in the details, Drili '¥g"@ hole thru the existing stiffener using
the shop drilled holes in the Fabricaled Backing & Angles and FINE's o5 a lemplafe. Altoch with o 30 A325 toif.

51 Drilt remaining "Hg'® holes in fthe Fobricoted Bocking & Angles using the previously drifled bales in fhe existing
web 05 g femplats, Compiefe affochment with 240 AJZS baolfs,

&) Poinf all surfocas In the repolr area with o wolerborne corylic finfsh coaf.
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Figure B. 20: Proposed girder web repair details at cross frames (double web stiffener locations).
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Appendix C: Filtered Field Test Data

Before Retrofit
Figure C. 1: West Truck Load Placement 8-16 kph (5-10 mph).
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Figure C. 2: West Truck Load Placement 8-16 kph (5-10 mph).
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Figure C. 3: West Truck Load Placement 8-16 kph (5-10 mph).
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Figure C. 4: West Truck Load Placement 105-121 kph (65-75 mph).
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Figure C. 5: West Truck Load Placement 105-121 kph (65-75 mph).
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Figure C. 6: West Truck Load Placement 105-121 kph (65-75 mph).
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Figure C. 7: Center Truck Load Placement 8-16 kph (5-10 mph).
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Figure C. 8: Center Truck Load Placement 8-16 kph (5-10 mph).
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Figure C. 9: Center Truck Load Placement 8-16 kph (5-10 mph).
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Figure C. 10: Center Truck Load Placement 105-121 kph (65-75 mph).
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Figure C. 11: Center Truck Load Placement 105-121 kph (65-75 mph).
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Figure C. 12: Center Truck Load Placement 105-121 kph (65-75 mph).
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Figure C. 13: East Truck Load Placement 8-16 kph (5-10 mph).
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Figure C. 14: East Truck Load Placement 8-16 kph (5-10 mph).
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Figure C. 15:
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Figure C. 16:

East Truck Load Placement 105-121 kph (65-75 mph).
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Figure C. 17: East Truck Load Placement 105-121 kph (65-75 mph).
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Figure C. 18: East Truck Load Placement 105-121 kph (65-75 mph).
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After Retrofit

Figure C. 19: West Truck Load Placement 8-16 kph (5-10 mph).
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Figure C. 20: West Truck Load Placement 8-16 kph (5-10 mph).
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Figure C.
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Figure C. 22: West Truck Load Placement 8-16 kph (5-10 mph).
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Figure C. 23: West Truck Load Placement 105-121 kph (65-75 mph).
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Figure C. 24: West Truck Load Placement 105-121 kph (65-75 mph).
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Figure C. 25: West Truck Load Placement 105-121 kph (65-75 mph).
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Figure C. 26: West Truck Load Placement 105-121 kph (65-75 mph).
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Figure C. 27: Center Truck Load Placement 8-16 kph (5-10 mph).
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Figure C.
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Figure C. 29: Center Truck Load Placement 8-16 kph (5-10 mph).
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Figure C. 30: Center Truck Load Placement 8-16 kph (5-10 mph).
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Figure C. 31: Center Truck Load Placement 105-121 kph (65-75 mph).
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Figure C. 32: Center Truck Load Placement 105-121 kph (65-75 mph).
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Figure C. 33: Center Truck Load Placement 105-121 kph (65-75 mph).
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Figure C. 34: Center Truck Load Placement 105-121 kph (65-75 mph).
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Figure C. 35: East Truck Load Placement 8-16 kph (5-10 mph).
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Figure C. 36: East Truck Load Placement 8-16 kph (5-10 mph).
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Figure C. 37: East Truck Load Placement 8-16 kph (5-10 mph).
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Figure C. 38: East Truck Load Placement 8-16 kph (5-10 mph).
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Figure C. 39: East Truck Load Placement 105-121 kph (65-75 mph).

Strain (1E)

Strain (ue)

Strain (pe)

5G2

150

1D|:|...........E..........E..........g..........;..
L S

-150
0

150

150

400 600
Distance(ft)

5G6

800

400 600
Distance(ft)

5G4

200

[ |
=

[
oo

400 600
Distance(ft)

200

Strain (pe)

Strain {pe)

Strain {pe)

5

63

150

125""""".""""" .........:..........E..
1|:||:|...........E..........E..........E...........E..
LT
T e

0

_5,I:|...........E..........' .........:..........E..

-150

0

150

150

200

400 600
Distance(ft)

SGT

800

200

400 500
Distance(ft)

300

on &3

B RS R SIPCHITH SNTRIE S

-150

200

400 600
Distance(ft)

800



Figure C. 40: East Truck Load Placement 105-121 kph (65-75 mph).
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Figure C. 41: East Truck Load Placement 105-121 kph (65-75 mph).
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Figure C. 42: East Truck Load Placement 105-121 kph (65-75 mph).
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Appendix D: Field Test and Finite Element Analyses Results

Field Test and Complementary Finite Element Analyses

Figure D. 1: West Truck Load Placement Maximum Principal Web Gap Stresses Before and After Retrofit.
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Figure D. 2: West Truck Load Placement Directional Web Gap Stresses Before and After Retrofit.
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Figure D. 3: West Truck Load Placement Directional Web Gap Stresses Before and After Retrofit.
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Figure D. 4: Center Truck Load Placement Maximum Principal Web Gap Stresses Before and After Retrofit.

After Remafin (K51}

Before Remofit (K50

HSmunomunonnncy
s P TP P =l BT

HeRuncRunoRRRS
-t N TR e Erd ]

__CBERRRRRE |

Mmoo measn
[T T = Bl ]

Afer Reaofi (K5I)

Before Remofit (K5I)

FEzwno@ueonnESY
SRErdunnaSpaineg

oo
i PR e P o e TP

DuUumo@umomMuRsE
]
i

0 .

70



Fouousucuguougroue  Jowocuguoungunonsucnd
A Tl [ ==t bl L B A T e P e ==L o b=

Figure D. 5: Center Truck Load Placement Directional Web Gap Stresses Before and After Retrofit.
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Figure D. 6: Center Truck Load Placement Directional Web Gap Stresses Before and After Retrofit.
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Figure D. 7: East Truck Load Placement Maximum Principal Web Gap Stresses Before and After Retrofit.
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Figure D. 8: East Truck Load Placement Directional Web Gap Stresses Before and After Retrofit.
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Figure D. 9: East Truck Load Placement Directional Web Gap Stresses Before and After Retrofit.
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Top Web Gap Behavior Finite Element Analyses

Figure D. 10: Maximum Principal Stresses at Top Web Gap for West Load Truck Placement with
Connection Plate-To-Web and Flange-To-Web Weld Cracks Present.

West- Max Principal Stiffener Side

Before Retrofit (KSI) After Retrofit (KSI)

w
Y=
=]

CoRENNWWARN
winoinoomomoticiioins:

dRRmad

West - Max Principal Non-Stiffener Side

Before Rewofit (KSI) After Retrofit (K5I}

w
P =)
@

S LRI 1L Loy LT
kWb lnononocnonicnono:

WRNEES

76

[
irg

CoEENNLWA NN
tntncinctcotictichichono,

3]
iy

SO HL LD R L3 L i e L

thtnchhohownsonshshal

NN S

.
1N P 1 e



Figure D. 11: Maximum Principal Stresses at Top Web Gap for Center Load Truck Placement with
Connection Plate-To-Web and Flange-To-Web Weld Cracks Present.
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Figure D. 12: Maximum Principal Stresses at Top Web Gap for East Load Truck Placement with Connection
Plate-To-Web and Flange-To-Web Weld Cracks Present.
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Figure D. 13: Maximum Principal Stresses at Top Web Gap for All Load Truck Placements with Only
Connection Plate-To-Web Weld Crack Present.
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Figure D. 14: Maximum Principal Stresses at Top Web Gap for All Load Truck Placements with Only
Flange-To-Web Weld Crack Present.
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