Parametrix 3
FEAN B, -
LE SN el

Application of the Triage
Evaluation Procedure for Gusset
Plate Load Rating

Joe Merth, PE
Shane Brown, PE

Parametrix



: — K YA YK s s
e PO R A AR R

Overview

%

av =

A AVAVAVAVAVAVAVAVAVAVAVAVAYL 7 |

v'

AW/ AW .-

e Background
e Triage Method
e Triage Spreadsheet

N

25
ATAVAVAVAVAVAVAVAVAVAVANAWAY 274 |

V/aV/aVW/a
Y
AVAVAVAVAVAVS™
EAATLLE:
K
,: D

AVAAY,

>

S
>
3
%
>3
%

e Procedure
e Results/Challenges

NININNNANNANANRTOR
//

Parametrix



Background
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NTSB Findings & Recommendations
(NTSB/HAR-08/03)

e |nsufficient gusset plate design.
e Lack of guidance for gusset plate inspection.
e No guidance for load rating gusset plates.
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FHWA Technical Advisory - T5140.29

e [oad-carrying Capacity Considerations of
Gusset Plates in Non-load-path Redundant Steel
Truss Bridges

— New Bridges - Check capacity of gusset PL’s as part
of initial load rating

— Existing Bridges — Load rate gusset PL’s due to
change of condition

e [oad Rating Guidance and Examples for Bolted
and Riveted Gusset Plates in Truss Bridges (Pub.
No. FHWA-IF-09-014)

e Manual for Bridge Evaluation (MBE) changes
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Triage Spreadsheet

e Development of the Triage Method
— Efficient
— “Triage”- quick method of prioritization

— ldentify gusset PL’s for further study
e Basic Assumptions N l
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Required Input

e Calculated DL’s and LL’s
e |oad Factors
e LL+l and DF’s
e Condition Factors

e Material Properties RN

e Rivets/Bolts e L IRTR R ST ORS  I
—T o o T o e _ o 0 © 0o o

e Plate Geometry o/ Loic]
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Results

e Rating Factors for
— HS-20, Legal Loads, Overload Trucks
— Includes Operating and Inventory

e Rating Factors based on minimum of
— Buckling
— Yielding
— Rivets

LL Input and RF Summary
Live Loads Minimum RF Controlling Connection ID|Controlling Resistance Type| Operating RF for LFR only
Load Case ID
Truck Type Overload? yLL Impact Factor (1) Rating Method yLL RE

1 HS20 N 217 0.118 LFR 0.67 L2-U3 . 13 1.12
Buckling

2 Al N 217 0.118 LFR 137 L2-U3 . 13 2.29
Buckling

3 A2 N 217 0.118 LFR 1.01 L2-U3 . iL3 1.68
Buckling

4 A3 N 2.17 0.118 LFR 0.93 L2-U3 . 13 1.56
Buckling

5 NRL N 217 0.118 LFR 0.88 L2-U3 o 13 1.48
Buckling

6 Legal Lane N 217 0.118 LFR 0.87 L2-U3 . 13 1.45
Buckling

7 oL1 Y L3 0.1 LFR 1.46 L2-U3 . iL3 1.46
Buckling

8 oL2 Y 13 0.1 LFR 0.75 L2-U3 . 13 0.75
Buckling
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WSDOT Triage Implementation

e Rated approximately 50 trusses

e WSDOT Inventory - 120 Truss Bridges
e Priority to bridges with lowest RF’s

e Packaged similar trusses
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Procedures for a Typical Truss

Determine Loads
Modeling the Structure in SAP2000

Triage Spreadsheet Input

- > -

Reporting Results

///

S RN

B Prer No. 9:Sta.cs5+23.75

W Gr &1 s51.60
3

> ‘?ﬁ
’ ‘ . \
‘ £Max. H.W. Elev: +21.0—~ Feb. /957 : )
e T —— e
il _— fHigb-Hiah Water E.17.5 at Flood Trde - 7 \
N . ilow-Low Wieder £/.-).0.af £66 Tide — , |
g T e e e e
I e - ' . ' ‘ '
#;:...LJ-.__,V- Liobrd 2od N = 5 Jl-\.:'
Tt / N K , . : . g ) g
: 1“_5;_; il £2.-33 o © ~7 coese B fep _ L 5“1':..:;'5;_;5,,-33
R S e = M : S T

Parametrix



1. Determine Loads

e Dead Loads
— Tributary Dead Loads

Deck

Barriers
Sidewalks
Utilities

Floor Beams
Stringers
Lateral Bracing
Sway Frames

— Member Self Weight

Calculated by SAP
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Determine Loads (Continued)

e Live Loads for LFR Analysis

— Loads

e HS20 Design Truck
e AASHTO Legal Trucks
e WSDOT Overload Trucks

— Distribution of Live Loads (Per Lever Rule)
e HS20 and Legal Loads

d

Roadway Width

<

»d
Ll

LI
L

A 4

DF =R, / (2*P)

A

Ctr.-Ctr. Truss

A 4
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Determine Loads (Continued)

e Overloads with Legal Loads

a Roadway Width ‘
5 P=EL 12’ IZILL
L'y B T
R, Ctr.-Ctr. Truss R,

a = Distance From CL Truss to Face of Curb or Rail
Ry oL = PoL * (Ctr-Ctr Truss —a — 5’) / Ctr-Ctr Truss
Ry =Py * (Ctr-Ctr Truss —a — 17°) / Ctr-Ctr Truss

DFg, = R1_0L / Pou DF,, = R1_LL/ P,
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2. Modeling the Structure in SAP2000

e General Assumptions:

— Truss Members are pin-connected at all gusset
plates

— Bridge deck and stringers act as simple span beams
from floor beam to floor beam (panel pt to panel pt)

— Only dead and vehicle live loads are analyzed

— Load Factors, Impact Factors, and Live Load
Distribution Factors are not incorporated into the
SAP model
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Modeling the Structure (Continued)

e Define Geometry st
— Utilizing AutoCAD
to create a DXF file
of the truss
geometry to import :
into SAP is :
convenient.

— Draw elements on
a defined layer
other than the
default “O” layer

. zavsn.oono (RIS (@[O0 < Li=[EIFafE] ) . wooeL|BIET] [Aia [ I [BIRIE ISR O]
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Modeling the Structure (Continued)

e Frame Sections

— Only member cross sectional areas are required

e Load Patterns & Assignments
— Dead Point Loads (tributary loads)
— Self Weight Loads (apply self weight multiplier)

— Live Loads

e Flow of forces

— Wheel loads carried longitudinally by the deck and stringers
to the floor beams and then distributed transversely to each
truss as a dynamic point load at the nodes
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Modeling the Structure (Continued)

e Use a weight less second member for the vehicle lane
— Area of member = zero

e Run Analysis and Export Output

— Export output to an Excel spreadsheet to use the
auto filter, copy, and paste features to expedite
inputting member loads in the Triage Spreadsheet
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Triage Spreadsheet Input

T e e

SECTroN C-C.

o8 STRUTS.

2 R 10%

| i 2ties for T Dorotiet boffs.
s 45

1-2TxE

a5 w0 A,
oIV e
e firac)

F e \ShimS
Fog g
Furresty 1/ ee. £ag

o
%
¥
by
i
|
4

AUl handtholes are &5 et 2°2'C-C @b

L6765 T (12 4-4)

$ o CGenter of hand'hokes, 7o @nds of
" fK7 Gover @s. « 140" min.

“ & (P‘ Tack weld aif foose FiHS.

M i’ ‘

| 2. Gus, 222 §A. ‘E

]
L 2Gus 5.5 A
HEE gmxso®

S L i o W T
- 2
Ml igie 7iCIRT 22 8525 R | )
PR A= i b 26.15x33374 (ref 4-8) 64 4
% 2cov s, /g A ==
a b2 . "
N Bore 814 For class @ Frn S “;\'\\’
= ra o cad-Taio) t-5pt 12 ShE A \.;’
A Lo fox. g £
&) = l{% SECONDARY STATE HIGHWAY NO. 1.4
: = i N \ SNOHOMISH RIVER BRIDGE
= Wi Nl A\
o 'O,_«:' I ; “:\‘s. N m -
XL I 1] NN, 3 TRUSS
2 Zamn il NERANGN raorerg 8
vy '/ \ A T
- R o e
[ g \ e o
o i S8 N A S
e Y nrrnoveaNor 22,1957 st -
e R S et p— L
Boadivay. LATERAL HANGER SHEET /3 GF /8 SHEETS - ‘

Parametrix



Triage Spreadsheet Input (Continued)

Gusset Plate Inputs & Summary

Sheet Information

Rated By | Company ‘ Date | Bridge ID Gusset ID ‘ Number of Connections | Include Rivets? | Condition Factor, ¢gc | Redundancy Factor, ¢s Comments
SB | parametix | sanfaonn | 3 118 12 \ 5 [ Y [ 1 1
s equals 1 for LFR
LL Distribution Factors Forces entered into spreadsheet shall be based on a single lane distribution.
AASHTO & Legal Clear User Inputs
OL Trucks Legal Truck w/OL
Trucks
1.225 0.789 0.436 LL Distribution factor for Design & Legal truck shall be based on the number of lanes multiplied by the appropriate reduction factor.
LL Distribution factor for one OL placed in lane closest to truss multiplied by the appropriate reduction factor.
LL Distribution factor for Legal Truck w/OL assumes legal loads are placed in lanes adjacent to OL truck multiplied by the appropriate reduction factor.
LL Input and RF Summary . . .
Live Loads Minimum RF Controlling Controlling Resistance Operating RF for LFR only
Load Case ID - Connection ID Type —
Truck Type Overload? YLL Impact Factor (1) Rating Method YLL Minimum RF
1 H520 N 2.17 0.118 LFR 0.48 L2-U3 Buckling 1.3 0.82
2 Al N 2.17 0.118 LFR 101 L2-U3 Buckling 1.3 1.69
3 A2 N 2.17 0.118 LFR 0.74 L2-U3 Buckling 1.3 1.24
4 A3 N 217 0.118 LFR 0.69 L2-U3 Buckling 1.3 115
5 NRL N 217 0.118 LFR 0.65 L2-U3 Buckling 13 1.09
6 Legal Lane N 217 0.118 LFR 0.64 L2-U3 Buckling 1.3 107
7 oLl ¥ 13 0.1 LFR 0.96 L2-U3 Buckling 13 0.96
8 oL ¥ 1.3 0.1 LFR 0.49 L2-U3 Buckling 1.3 0.49 |
Plate Material & Dimension Inputs
Gusset Plate Properties Wind Gusset Plate Properties Splice Plate Properties Rivet Properties
Fy_gp (ksi) 50
Thickness, tgp (in) 0.4375 Fy_wp (ksi) 50 Fy_sp (ksi) 50 Fu_r (ksi) 24
Mum Plates, np 2

Table 6A.6.12.5.1-1—Factored Shear Strength of Rivets: oF,,

Rivet Type or Year of Construction

EJI}H SQ.;F HR 1

if L <50”, ¢.F,R,R,

if L > 50”, o F,R,R

Unknown rivet type and origin
Carbon Steel, ASTM Al41. or

ASTM A 502 Grade 1

ASTM A 502 Grade 11

SOksi | 27 ksi Varies 20Kksi
60ksi | 32ksi Varics 24 ksi
80 ksi 43 ksi Varies 32 ksi

Parametrix



Triage Spreadsheet Input (Continued)

e e
Triage Procedure Connection Inputs et
Rated By S8 . (—r) 5
T
Connection Information Company ““"""r“”" o el AR .
Connection ID Date 51172011
[TET) oridge 1D 9. 118
Gusset Plate Connection ]
we (in) | 3 =
Le (in) | 185 e
Le {in] o il -
27Le tan 30 - Le Lc - / =
Gusset Plate Elevation -
i o P
Splice ID Wisp (i} tsp (in) Brace I} We [in) L& [in) Le {in) twp [in) a
(2) 15240 Web 12.000 1040 Bottorm Plate 10 12 2 0375 | |
Top Plate 13.000 0.375 B
vgd
o -
Bl | te e Ll le
| Wce We
|
Summary of i Reslstance. |
Agp.ch finn2) 13:35 |
Awp (in2) 710 » Ll L] I 12788 | : s
2 7.3 | Wind Brace Elevation - : - L -
Faspl {InA2) 17.36 L mwers A5, . *,_
| [T orzr proces #s, -
. cweer marm:
T A5 MR o
e |2 A wEg Tk Wkt
ent | et ST o i

_ Gusset Plate Elevation

Rivet Input Hivet Resist,
Kivet Diameter, 0_r | 2 of Single Shear #of Double Shear A ()
n
{in] Hivets, nsa Hivets, nds L]
0875 38 2 14720
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AT . . NOTES:
Pl ol 1. THE GUSSET PLATE IS NOT WIDE ENOUGH TO UTILIZE THE STANDARD WHITMORE WIDTH USED IN THE TRIAGE EVALUATION

A5 SHOWN FOR THE DIAGONAL TENSION & COMPRESSION MEMBERS. THEREFORE, THE PROPOSED WHITMORE
WIDTH TO BE USED IN THE WSDOT TRIAGE EVALUATION 15 49.8" AND 60.2" AS SHOWN,

Lo
- ParametriX i peseswyan 2 FLE TRUBSISOMETRY
BRIDGE: BR 12_512N
THRU TRUSS GUSSET PLATE: L10
: o WSDOT STEEL TRUSS BRIDGE GUSSET FLATE EVALUATION

PMX PROJECT #: 214-1631-084
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SCALE IN FEET
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Triage Spreadsheet Input (Continued)

Rating Factors

Controlling esistance 1
eaistance
Resistance (k) vou
13708 ¥ielding
Method [ i for OL rating ]
[ LR Factored DL (k) Maxisnum Legal Load 752 | Macsiomum focce due o tegal koad based on one lane distributicn
you 13 » z
5553668056
Dead Load [k} 4373
Rating Method LRFR toved DL (k]
£
oL C
k) » a
VoL W [ contralling ¢
DL_W (K}
LL Input and Connection RF Summary Resistance Type
Live Loads Yiclding Buckling Hivets
Load Case 1} Truck T L Impact Factor | 1 Rating Method Member LL (] RE HE RE
ype [ pa ng

1 H520 217 0.118 LFR 1098 222 A m
2 Al 217 0.118 LR 238 5.56 1LY 105
3 a2 217 0.118 LER 80.3 403 nia 511
a a3 217 9,118 LFR 85.8 an LIE) a7
3 NAL 217 0.118 LEn [TE] 356 n/A 451
[ Legal Lane 217 0.118 Len 6.2 318 n/a .08
7 oLl 13 0.1 LFR 825 726 LIEY .33
8 o 13 0.1 LFR 1640 3.65 NiA am
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Triage Spreadsheet Input (Continued)

Triage Procedure Connection Inputs

Raled By 8 T
; e &y
Cannection Infarmation company Parametri "
. .
Connection I | ChordorWeb? | Splice PUs? | Wind Draing GP? | Comp. or Tension? Dute 54112011 i ,"r/ ) .
[T | Web N 1 N | compression Bridge 1D i ’ (C)
R . ’

Gussel Plate Connection

*Lctan 30+ Wi 26.33 We'

2Lc tan 30+ We?
Ite Width vaiid crly for web members and when < 2°Lc tan 30 e

-

i

summary of Yielding Resistance Wsﬁ
Agp_wihs (inAz) | 23,08 | | | =
Aowp [in2) I 0.00 I » I st (k) | 6648 o P = 5
i in2 000 v . h e B
Ehagi {in2) | Splice Plate Diagram | Wind Brace Elevation . VETS A5 1e-
q OPEN HotES A5, .
Buckling Resistance Inputs . g
Buckding Input Y of Buckling Rest Leent B sl
Centroidal Length, L_cent (in) L_Whilds (in) Ig [in™) g (in*2) & B A e 1 m’i mx
17.93 1450 0.482 30.19 (] Rn (k) | 0 B I o v 2l A R dlot
i L_cent (in) A X » 3395 | 1 jLoent | i 1+ ol et de e
17.330 3.521 10 i | 2 %
et Y 68 gLl
| B PP RS
H . ALY Pl B R =
Gusset Plate Elevation
Khvet input | Rivet Resistance |
Rivet Diameter, 0_r | #of single Shear | W of Double Shear an
{in] Rivets, nss Rivets, nds »
0875 an 5773
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Triage Spreadsheet Input (Continued)

Rating Factors

Controlling
Resdst;
Reshstance (k) mice Trpe
3395 Buckling

Dead Load Rating Method 3 for OL rating |

LFR Factored DL (k) £ 50.1 | Manismmim fure duat o begal bond barsed on one lame distsibution

13 »

243 E3a5033
1878
LRFR Factored DU k)
o_ (k) " -
oL W [ controtting nr
DLW (k)
LL inpuit and Conncction BF Summary Hesistance Type
Uive Loads Yielding Duckling Rivels
Lowd) Casee 10} Truck Type ' Impact Factos { 1] Rating Methad Member LL (k) [ RF [

1 H520 217 0.118 PR 652 217 043 172
2 AL 217 0.118 [T 38 4.45 101 152
3 A2 217 0.118 LR 43 327 07 258
4 A3 217 0.118 [ 468 300 0.69 240
5 WAL 217 0.118 un 93 287 0.63 2.27
] Legal Lane 217 0.118 LFR 0.1 283 0.64 .24
7 ou 13 0.1 LFR 9.7 578 0.96 445
] o 13 0.1 LFR 1156 299 049 232
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Reporting Results

Gusset Plate Inputs & Summary

sheet Information

Rated By | Company ‘ Date | Bridge ID ‘ Gusset ID ‘ Number of Connections | Include Rivets? | Condition Factor, ¢c | Redundancy Factor, ¢s Comments
sB | parametrix | sarfeonn | 9 118 \ 12 \ B | Y | 1 | 1
&s equals 1 for LFR
LL Distribution Factors Forces entered into spreadsheet shall be based on a single lane distribution
AASHTO & Legal Clear User Inputs
OL Trucks Legal Truck w/OL
Trucks
1.225 0.789 0.436 LL Distribution factor for Design & Legal truck shall be based on the number of lanes multiplied by the appropriate reduction factor.
LL Distribution factor for one OL placed in lane closest to truss multiplied by the apj Wﬂ)r
LL Distributicn factor for Legal Truck w/OL assumes legal loads are placed in lanes gHjacent to OL truck multiplied by the appropriate reduction factor.
LL Input and RF Summary ) . )
Live Loads Minimum RF Controlling Controlling Resistance Operating RF for LFR only
Load Case ID - Connection ID Type —
Truck Type Overload? YL Impact Factor (1) Rating Method YLL Minimum RF

1 H520 N 2.17 0.118 LFR 0.49 L2-U3 Buckling 1.3 0.82

2 Al N 217 0.118 LFR 1.01 L2-U3 Buckling 13 1.69

3 A2 N 2.17 0.118 LFR 0.74 L2-U3 Buckling 1.3 1.24

4 A3 N 2.17 0.118 LFR 0.69 12-U3 Buckling 1.3 1.15

5 NRL N 2.17 0.118 LFR 0.65 L2-U3 Buckling 1.3 1.09

6 Legal Lane N 2.17 0.118 LFR 0.64 12-U3 Buckling 1.3 1.07

7 oL Y 1.3 0.1 LFR 0.96 L2-U3 Buckling 1.3 0.96

8 oLz Y 1.3 0.1 LFR 0.49 12-U3 Buckling 1 3 D 49

\\\ \‘
V
Plate Material & Dimension Inputs
Gusset Plate Properties Wind Gusset Plate Properties Splice Plate Properties Rivet Properties
Fy_gp (ksi) 50
Thickness, tgp (in) 0.4375 Fy_wp (ksi) 50 Fy_sp (ksi) 50 Fu_r (ksi) 24
Mum Plates, np 2

e Fast/Efficient
e Yielding Vs. Buckling

e Rivets
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Challenges

e Multi-span trusses |
e Nested Plates | by .'
e Whitmore Widths P SR
e Bugs i |
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Future S Bl
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e Spreadsheet Updates

e Comparison w/FHWA
method
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