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Purpose and Outline

PURPOSE:

Discuss gusset plate modelling using BrDR and additional considerations when
encountering deterioration and/or unique conditions.

OUTLINE:
* Brief overview of gusset plate modelling using BrDR.

Load distribution between gusset plates.
* Discuss how BrDR evaluates gusset plates (i.e., as a panel point or as individual plates).

. ([j).isc.us.sl. methods to calculate rating factors using BrDR when gusset plate capacities are severely
issimilar.

Fastener capacity and effect on other limit states.
Corner checks with deterioration.
Compression chord splice refinements.
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Overview of Truss and Gusset

Plate Model Structure in
BrDR

AASHTOWare Rating and Design Bridge User Group Meeting 2026



Model Overview: Truss Members
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- =4 Impact/Dynamic Load Allowance
2% Load Case Description
- 4EF Framing Plan Detail
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~ FHL Floorbeam Member Locations

W STRINGER GROUP DEFINITION GECMETRY
=+ ) MEMBER DEFINITIONS
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nodified by WIE per yellow sheet, Connection Riveted 4302

B I Typical Floorbeam
|2 STRINGER DEFINITIONS
®- T Typical Stringer

& 3 TRUSSES by WJE per yellow sheet, Connection Riveted 4.882
| T Truss1-DET

T Truss 2 - DET (Truss 1 - DET)
= Fs6 Floor System Geometry

g STRINGER UNIT LAYOUT
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- |3 FLOORBEAM MEMBERS
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I Floorbeam3
I Floorbeam4
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Model Overview: Gusset Plates
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Model Overview: Gusset Plates

IJ:'I-- brrf Rehab A: 96'-0" - 6 Panel Truss - DET
- =} Impact/Dynamic Load Allowance
g+ Load Case Description
G U S S ET P LAT E S - 45 Framing Plan Detail
m Structure Typical Section

< - gty Superstructure Loads
=8 Gusset Plate Definitions

[6.00, 11.00]16.00, 11.024.00, 11.0032.00, 11.0030.00, 11.0048.00, 11.0056.00, 11.0054.00, 11.0§72.00, 11.0080.00, 11.0085.00, 11.00] - [8]L1 (Drawing L2
U1 (U1 UR AR awinig WA B U039 Ewind AUSUSIU 305 DEBwinddls/U7)  U7USUS  USUSUY  USUALA0 U10UUM
- [$8]L3 {Drawing Lo

- [83] LO/L6 (Drawing LO/L12)
U1 U1L1L1U2 U3 U3L2 L2U4 |2U5 USL3|L3U6 13UT7 U7L4|L4U8 1/AU9 U9L5 L5U1abU11 UL - [88]U1U11 (Drawing UT/UTT)
- [£2]uz/U9 (Drawing U3/UG)

- [ us/UT (Drawing US/UT)

- [33] L4 (Drawing L&)

----- [£3] L5 (Drawing L10)

LOL1 L1L2 L2L3 L3L4 L4L5 L5L6
'LO(LO/L6 (Drawing LO/L 1 (Drawing L2)) L2(L2 (Drawing L4)) 3(L3 (Drawing LB)) 4(L4 (Drawing L8)) L5(L5 (Drawing L10)) | LB
[0.00, 0.00] [16.00, 0.00] [32.00, 0.00] [48.00, 0.00] [64.00, 0.00] [80.00, 0.00] [96.00, 0.00]

D Gusset Plate Definition o X

Name: |2/18

Truss 1 - DET]

Plate compression - partial shear Chard splice Plate shear Load transfer Control options

Description Panel point Fasteners Plate tension Plate comprassion - whitmore section Plate compression - basic corner check

Description:

Plates Condition factor: Poor v

Single gusset plates - -
Contains corrosion
Q) Identical double gusset plates

Different double gusset plates

Dimensions

B Ficld messured section properties

Left plate Right plate

Material: 1905 to 1936 ~ Materia ASTM A36

Truss 2 - DET, As-built plate thickness: 0.38 in As-bult plate thickness: in
Length: 3975 in

Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Height: 37 in Height
(Typical Stringer) (Typical Stringer) |, (Typical Stringer) (Typical Stringer) | (Typical Stringer) (Typical Stringer)
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Model Overview: Gusset Plates

&y Gusset Plate Definition

O % A Gusset Plate Definition = a x
Mame:  L2/L8
Mame: LEJ"LB
Description Panel point Fasteners Plate tension Plate compression - whitmore section Plate compression - basic corner check
Plate compression - partial shear Chord splice Plate shear Load transfer Control options Plate compression - partial shear Chord splice Load transfer Control options
Description Panel point Fasteners Plate tension Plate compression - whitmore section Plate compression - basic comer check .
Shear reduction factor g8
Description: Left plate
Plates B Length | Thickness || Number _Hula Override Override | Override Member Selection
Condition factor:  Poor o Shear plane . . diameter angle member
(in) (in) holes . angle 1(2(3|4|5|6|7|8
Single gusset plates {in) (Degrees)  selection
_ Contains corrosion > Vertical 3725 12.00 094
o Identical double gusset plates
Horizantal 3975 5.00 0.94
Different double gusset plates
Dirmensions
n Field measured section properties
Left plate Right plate
Material: 1905 to 1936 ~ ASTM A36 Right plate
ﬂ Same as left plate
As-built plate thickness: 038 in
Length: 3975 in o i )
Height: 37.25 in
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Load Distribution between
Gusset Plates
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Load Distribution

Common practice to sum plate capacities for
connection resistance, which is reasonable when
plate capacities are similar (BrDR).

*BUT....

* Deterioration profiles are rarely
the same on any plate at a
shared joint.

* Connection plates oftentimes
are asymmetric.
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Load Distribution

Gusset Plate Resisting

IJ_ Force _\I
mLeft* Gusset Plate — "Right" Gusset Plate . . .

N\ For panel points with little or no
deterioration and similar gusset

plate geometries:

* Member forces are resolved near the
Forse Centrod midpoint between the gusset plates.

* No momentintroduced into the connection.
d2 é e Cerr = CLnt+Crgnt is reasonable.
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Load Distribution

* What about when one plate has
measurably more deterioration than
the other?

* Applies to all gusset plate limit
states (i.e., fasteners, shear,
tension, compression, chord splice)

* Consider horizontal shear along the
top of the bottom chord.
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Load Distribution

Gusset Plate Resisting
Force

Ceft Cright < CLett
I | For panel points with different
o o s deterioration profiles:
N\
* Member forces are no longer resolved at the
| midpoint of the gusset plates.
Shea Fore * A portion of the member forces will redistribute
1 oo ool e from the weaker gusset plate to the stronger
._X<dfza% I/_ area due to section loss. gusset pl_ate,
" T/ * Crr = CLentCrige may be reasonable depending
on the magnitude of disparity between C.er and
CRight.
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Load Distribution

* For ductile materials such as steel, loads will re-distribute;
however...

SR
e As C.« Or Creg = 0, eccentricity approaches d/2. 1 1
* Bending moment introduced into the connection. N R
KEY QUESTION: T
. : . e 8
* What are reasonable limits on the connection eccentricity?
* |llinois Department of Transportation considers a maximum [ j
distribution of 65% / 35% (IDOT Structural Services Manual).

* Moments in the connection can be ignored if the gusset plates are
evaluated within these limits.
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Load Distribution:
Modelling using BrDR

* BrDR currently evaluates the panel points as the sum of gusset
plate capacities (Cw = CuwtCrign).

* When (i) the applicable distribution limits of 65% / 35% are
exceeded and (ii) if the load rater does not wish to consider bending
moment in the connection, there are two options for modelling
using BrDR:

1. Hand-calculate rating factors for the gusset plates individually using
demands and plate capacities from BrDR.

2. Hand-calculate capacities, then input effective parameters into BrDR, then
allow the engine to generate equivalent rating factors.

* For both options, the stronger gusset plate receives 65% of the member
load. Weak gusset plate receives 35% of the member load.
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Load Distribution:

Modelling using BrDR, Option 1

* Option 1: Calculate Rating Factors Outside of BrR

Name: | L100OE DET

Shear reduction factor: | 0.88

—_—
Description | Panel point | Fasteners | Plate tension | Plate compression | Plate shear | hord splice | Load transfer |
—

Right plate

Left plate
[]'same as left plate

Length | Thickness | Number | O Length | Thickness | Number | Fol

Shear plane | 19 ek UMEE | fiameter Shear plane | 19 e UMOEF | fiamete

(in) (i) holes (in) {in) (in) holes fin)

Vertical 52.25 .30 1207 094
}  Horizontal 6475 m 17.00 094

Vertical 52.25 .30 1207 0.94
}  Horizon tal 64.?5 17.00 0.4

/

Heavy section loss on
left plate.

Individual capacities

Horizontal Shear Resistance:

summed for typical
rating:

Gusset Plate Lefr:

Awvg: 12.303 (in=~2)
Resistance:

CYield = PhiVY¥ * 0.53 * Fy * Rvg * Omegd
CYieldLeft: 282.564 (kip)
Avn: 9.274 (in~2)
Resistance:

CRupture = Phi¥V0 * 0.58 * Fu * Awvn
CRuptureleft: 320.059% (kip)
Total Resistance (Horizontal):

CYield: 1026.153 (kip)
CRupture: 1162.319 (kip)
C: 1026.153 (kip)

[Guszset Plate Right:
S

Resistance:
C¥ield = PhiVY *
CY¥ieldRight:

[
Fesistance:

CRupture = PhiVl *
CRuptureRight:

3 {in~2})
Fy * Avg Omega
743.589 (kip)

24.406 (in~2)

0.58 * Fu % Bwn

842.260 (kip)

Full thickness remains
onright plate.
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Load Distribution:

Modelling using BrDR, Option 1

* Option 1: Calculate Rating Factors Outside BrR

HORIZONTAL SHERR BATING FACTOR CALCULATICNS

Individual capacities
C = 1026.153 -:k:ppk‘ .
summed for typical
VDL Top = 332.592 {kip) .
VDL Bot = 0.000 (kip) rating: ' '
21 = Dead Load Factor RF > 100.000.GREAI oo
&2 = Live Load Factor
Top CH
Rating VLIA1+I) —— Load Factors — Capacity
Lewvel Vehicle kip) Ll Lz RF {Ton)
Inv 1 170.93 1.30 2.17 1.600 57.40 eoeo NOT SO FAST...
Inv 1 176.14 1.30 2.17 1.553 55,30
Inv 2 93.23 .30 2.17 2.934 105.41
Inv 7 93.23 30 2.17 2.934 105.41

.319 (kip)
1026.153 (kip)
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Load Distribution:

Modelling using BrDR, Option 1

* When rating gusset plates, the load rater should consider checking

plates individually when section loss is measurably different.

forizontal Snesr Resistance: LFR Rating Factor — Left Plate Only
Gusset Plate Left: .
Lvg: 12.303 (in~2) . th = 282.6 k|p
Effiizalﬂijw * 0,58 % Fy * Iwg * Omega . VDL = 3326 k|p
|C‘:"_El:iLeft: 282.564 (kip)
=V, = 176.1 kip (Including IM)
WO Top = _33z.202 o) |
chemm o = Assign DIST=35% of total load to plate with heavy sx| (minimum)
32 - Tive Load Factor
Top Side: RF th - (1-3 * VDL * DIST)
Rating VLL(1+4I) (2-17 * VLL * DIST)
Level Vehicle (kip)
Tov - ...compared to RF=1.55 when capacities are summed
v 3332 Level Vehicle (ki) al 12 RF {Ton)
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Load Distribution:

Modelling using BrDR, Option 2

* Option 2: Hand-Calculate Capacities and BrR Effective Inputs
* BrR Input = @R, (BrR) = ¢R, (Hand Calculations)
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Load Distribution:

Chord Splice at
Gusset Plate L2
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Load Distribution:
Modelling using BrDR, Option 2

Bottom Chord Spliced at L2 Inside Plate Slotted
or Floor Beam

~

oAt
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Load Distribution:

Modelling using BrDR, Option 2

* Chord Splice Evaluation

35% Load - Slotted Inside PL
65% Load = Outside PL

&, >
£= &'0
CHORD SPLICE:
= 7 E inf Spq-A
\ / gg : :'55;::32 / 6Py = 1.00-F, _ opiTRt = 178.12-kip Factored chord splice compression
] Sp1+ep1-Ap1 resistance (MBE Eqn. L6B.2.6.6-1) for
O =« O ™ /// @) outbard gusset plate.
x\ o = “ O P
N0 ™ 0 » o - CHORD SPLICE:
SN0 ™ /O L o~ /F epg = 1.85in SDQ'APQ ; - .
N w > \ P somn ¢;P2 = 1-00'Fy' — | =4091kip Factored chord splice compression
_____ —L4 (see caleutations) Sp2 + ep2-Ap2 resistance (MBE Eqn. L6B.2.6.6-1) for
0-L2 ~——t——— O O O O O O =40 O — 04 outbard gusset plate.
J O 0 O O O] 116.9-kip ! Capacity limited by inboard gusset plate,

considering65% / 35% load distribution

P
PL o OPeg = T2 = 116.9-kip Capacity of chord splice group considering
16 35% 65% of force distributed to outboard gusset
plate and 35% of force distributed to
inboard gusset plate

SLOT PRESENT IN INBOARD
GUSSET PLATE ONLY

JOINT L2 CHORD SPLICE
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Load Distribution:

Modelling using BrDR, Option 2

 Compute Effective Eccentricity for BrR Input Assuming:

¢ Ag = 7.5 in2 M Gusset Plate Definiton
¢ Sg = 15 in3 MNarme: | L2

BrR Input — — : — — . .
Description ] Panel peint ] Fasteners ] Plate tension ] Plate compressicn ] Plate shear ] Chord splice | Load transfer
Consider chord splice
y \ 7.50 in*2

(Gross area:

Effective eccentricity

(Gross section modulus: 15.000 in*3
00T (o)
egff = = 1.85in Effective eccentricity for BrR input to
Ag generate chord splice resistance calculated
above considering 65% / 35% force S
distribution USRS
s © sg+ag
. . . Yield Capacity C = phi c3 * Fy | -—-—-———————-
1-00'Fy' 97’\9 =1169kip = $Pes = 116.9-kip | Resulting strength utilized by BrR when . v B v Sg + eig
Sg + Beff Ag effective eccentricity is input. This capacity S - s
accounts for 65% of the member's loads Fy — min(Fy Left, Fy Right)
carried by the outboard gusset plate T ! - '
(without a slot forthe floor beam)and 35%
of the member'sloads carried by the |~ smn * &Zm |
inboard gusset plate (where the presence of Fracture Capacity C = phi cs * Fu | ——-———————— I
the slot limits the chord splice resistance). ST | Sn + eln |
where

Fu = min(Fu_Left, Fu_Right)

Ten=zile Yield: 116&. 8¢
116

BrR Spec Check Tensile Fracture: _ii (kip)

Tensile Resistance = Min(Y¥ield, Fracture) = 11&6.13 (kip)
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Fastener Capacity and Effect
On Other Limit States
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Limiting Fastener Resistance

N e Horizontal Shear at
w X ;'w »\\ ﬂ. R A
= i Gusset Plate L4

,- ""‘“’“’" ”*Em’ i s.‘L = - =

L i}
@

.~
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Limiting Fastener Resistance

%, N3
\ i" 29.50 _JI /
o\ :o” o e Bottom chord continuous
Nge; \\\ //// O/// .
N e  Check horizontal shear

[ * Only 6 fasteners provided for chord
c=====fFg=S==S======ZS3 connection.

* Horizontal shear capacity limited by
fastener strength.

L2-| 4 ———il—

Horizontal shear capacity
across this plane limited by
fasteners connecting
continuous chord to gusset
plate (see calculations)

pL %BII

JOINT L4 SHEAR
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Limiting Fastener Resistance

L2-L4 ——t——— o o o =) o o —— | 4|5

Horizontal shear capacity
across this plane limited by
fasteners connecting
continuous chord to gusset
plate (see calculations)

pL %BII

JOINT L4 SHEAR

Vy = 1.00.(0.58)-Fy Ag-Q = 141 2.kip
V, = 085.(0.58)-F A, = 227 6.kip

6-9Rp o)t = 33.1-kip

6- Ry o1t
L = ~6.92in

5
1.00-(0.58)-F, | —in |-
0597y (Zn)

5 :
Vy eff = 1_00.(0_58}.F!,[E In]-Leﬁ-Q = 33.1-kip

Shearyield strength

Shearrupture strength

Capacity of 6 bolts connecting continuous
chord to gusset plate, significantly lower
than gusset plate shear strength.

Effective shear length to input for horizontal
shearin BrR to reflect fastenershear
capacity. Since shear yield controls, input 0
holes.

Shearyield strength of one gusset plate in
BrR, reflecting capacity limited by fasteners.

Always limited by the load

transferred by the fasteners.
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Extra Fasteners

Fastener Strength at
Gusset Plate L2
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Extra Fasteners

Gy NG
@ \ /»"'0 Check Fastener Strength:
i | , e L2-L4 vertical leg connected to GP
© N N ol ///’O © with 6 fasteners, which may be
\\f ;\\‘\\\\0, ol g < O} insufficient for fastener shear...
N O roS T
_____ ANV — e ° _ 1
o 5o 000 0lle00ebo " L2-L4 horizontal leg connected to
=== =====a o= —C angle.
o |lleo o0 0 o . .
oll o * Checkif connection angle can
o |l o develop extra fasteners to resist
ol ©° PL 54" force in L2-L4. Fastener rating
o ° factors increase.

JOINT L2 CHORD SPLICE
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Other Considerations
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Other Considerations:

Corner Checks with Deterioration

e Corner Check: Evaluation of combined
shear and normal stresses on a “Corner”
section of gusset plates resisting
compression in web members.

 IDOT Gusset Plate Evaluation Guide
(2014)

* Anticipated to be incorporated into the
4™ Edition of the Manual for Bridge
Evaluation.

* Basic Corner Check (BCC) incorporated
into version 7.7 of AASHTOWare BrDR.

Horizontal Surface |
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Other Considerations:

Corner Checks with Deterioration

* For GPs without deterioration, the

controlling corner section typically il
Intersects the corner fasteners of the /
web member being checked. &/

* For GPs with deterioration, the 5| e

controlling corner section depends on |
the profile and magnitude of the
deterioration.

* Multiple corner sections may need to
be checked to determine the
controlling corner section capacity.
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Other Considerations:

Compression Chord Splices

* Milled Ends at Compression Chord Splices
* Reduce compression chord splice loads for ends that are milled to bear.
 Faces must be in full contact.

* Check chord splice resistance, P, g, against 50% of factored load, P, or 50% of
factored strength, @ P, (LRFD 6.13.6.1.2 and LRFD 6.14.2.8.6).

* Hand-calculate bearing resistance, P,, = 1.4A__F, (LRFD 6.10.11.2.3).

pn-y
+ Check P,,>[P,~min(=P, ,>fP,)]
* Bearing checks must be made outside of BrDR.
* Could use load transfer tab in BrDR to evaluate chord splice for reduced loads.
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Other Considerations:

Compression Chord Splices

iM% Gusset Plate Definiton

Mame: | L2/L2" 1/2" PL

Descrniption 1 Panel point 1 Fasteners ] Plate tension ] Plate compression ] Plate shear ] Chord splice ] Load transfer .M'l_

% Load
transfer via | % Load
fasteners | transfer

(%)

F | Member 1 I

Member 2
Member 3
Member 7
Member 8

I

Percent of Member Load used Percent of Member Load used to check Whitmore, Block Shear,
to check fastener Partial Shear, Horizontal/Vertical Shear, and Chord Splices.

shear/bearing. Default - 100%
* Default =100% - efault = b
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Other Considerations:

Compression Chord Splices

* Critical buckling stress in spliced section, F.,..

& Gusset Plate Definition

MName: U3/U15

Description Panel point Fasteners Plate tension Plate compression - whitmore section Plate compression - basic comer check Plate compression - partial shear Chord splice
n Consider chord splice
Continugus chord members

Gross area: 68.82 in™2

Gross section modulus: 508.500 in*3

F : ! 1 2 epg: 11.820 in
S lice Compression splice Tension splice
p < ! 5 Lsplice: 3.500 in Net area: 57.66 in"2

! K 0.50 MNet section modulus:  383.000 in*3

g' Gusset plate thickness: 0.750 in epn: 13.350 in

Computed slenderness ratio:  8.08

Compute slenderness
Fer: 32,000 ksi ratic

AASHTOWare Rating and Design Bridge User Group Meeting 2026



Other Considerations:

Compression Chord Splices

* Critical buckling stress in spliced section, F.,..

4 Gusset Plate Definition
2 F; !‘ 1_ \ i l MName: U3/U15
Sp lce < ! 5 Description Panel point  Fasteners  Plate tension Plate compression - whitmore section Plate compression - basic comer check  Plate compression - partial shear | Chord splice
n Consider chord splice
Continuous chord members
g Gross area: 68.82 in*2

Gross section modulus: 508.500 in*3
epg: 11.820
Compression 5 plice T pl
I Lsplice: 15.000 in I Net area: 57.66 in*2
K 0.50 Net section modulus:  383.000 in"3
Gusset plate thickness: 0.750 in epn: 13.350

Computed slenderness ratio:
Compute slenderness

Fer 33.000 ki I ratio
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Other Considerations:

Compression Chord Splices

* Critical buckling stress in spliced section, F.,..

\/l— MBE Commentary: Calculate F_:

KLS pl ice “If not, the Engineer will .need to c{erive a .reduced value r,=t g/\/ ( 12 ) =0.217 in
< 2 5 of F_, to account for possible elastic buckling of the gusset

/ platc; within the splice.” K] i /r =34.64
g splice S
F,=m’E / (34.64)> = 238.5 ksi

Elastic Flexural Buckling Compression Resistance

4D Gusset Plate Definition

F,=F, =33ksi
0 y
Description Panel point Fasteners Plate tension Plate compression - whitmore section Plate compression - basic cormer check Plate compression - partial shear Chord splice F / F J— O 1 3 8 < 2 2 5
0 e - . .

ﬂ Consider chord splice

Continuous chord members

Gross area: 68.82 in"2 Fcr - [0.6580138] * 33kSi
= 31.14ksi1

epg: 11.820 in
Compression splice Tension splice
Lsplice: 15.000 in Net area: 57.66
K 0.50 8
Gusset plate thickness: 0.750 13.350
Computed slenderness ratio: 2464

Efmpute slendemness
ratic
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