APPENDIX K. DESIGN EXAMPLES BASED ON DRAFT SPECIFICATION

Three connections were selected from different bridges referred to in Appendix A to demonstrate
the application of the proposed rating specifications. These connections were rated using the
existing LRFR checks from the FHWA Guide, as well as, the proposed LRFR and LFR
specification for the MBE found in Appendix J. A summary of the rating factors for each joint
are reflected in Table K1 through K3. The reader should be aware of three caveats when
comparing all the rating factors from the tables below:

1. The checks focus on the gusset plate limit-states only, hence limit-states associated with
fasteners were not performed.

2. No condition factors were used in any of the LRFR calculations.

3. When evaluating LRFR with the FHWA Guide, the system factor was not used. A
system factor of 0.90 was assumed in the LRFR checks with the proposed specification
because it is recommended this be mandatory. Therefore, a true comparison between the
LRFR specifications should consider an additional 0.90 reduction on the values
calculated with the FHWA Guide.

It is expected that there will be differences in rating factors calculated from the three methods,
though these three example may shed some light on the magnitude of the differences. Overall,
there is little change between the LRFR ratings attained from the FHWA Guide, the LRFR
proposed specifications, and the LFR proposed specifications at the Inventory level. At the
Operating level, the proposed LFR specifications consistently produced more favorable ratings
than the two LRFR approaches.

Detailed rating calculations for each joint can be found on the pages following Table K3.



Table K1. Rating Factors for 1-35W L1 Joint
Inventory Level Operating Level
FHWA Proposed Proposed FHWA Proposed Proposed
Guidance LRFR LFR Guidance LRFR LFR
(LRFR) Specification | Specification (LRFR) Specification | Specification
Member 1 1.25 2.85 2.40 1.62 3.69 4.01
buckling buckling buckling buckling buckling buckling
Member 2 3.26 3.35 2.69 4.23 4.35 4.49
buckling buckling buckling buckling buckling buckling
Member 3 2.02 1.08 1.03 2.62 1.40 1.72
buckling PPSY PPSY buckling PPSY PPSY
Member 4 3.70 1.26 1.46 4.79 1.63 2.43
buckling chord splice chord splice buckling chord splice chord splice
Vertical Shear 1 3.46 3.99 3.65 4.49 5.17 6.1
yielding yielding yielding yielding yielding yielding
. 4.59 5.25 4.84 5.96 6.80 8.09
Vertical Shear 2 S I e S L e
yielding yielding yielding yielding yielding yielding
Controlling Rating 1.25 1.08 1.03 1.62 1.40 1.72
Factor
PPSY = Partial Plane Shear Yield
Table K2. Rating Factors for 1-80 L3 Joint
Inventory Level Operating Level
FHWA Proposed Proposed FHWA Proposed Proposed
Guidance LRFR LFR Guidance LRFR LFR
(LRFR) Specification | Specification (LRFR) Specification | Specification
2.38 3.09
Member 1 buckling NA NA buckling NA NA
Member 2 7.25 6.71 6.26 9.40 8.70 10.45
block shear yielding block shear block shear yielding block shear
Member 3 9.24 10.14 8.32 11.98 13.15 13.89
buckling buckling buckling buckling buckling buckling
Member 4 6.55 2.51 2.53 8.50 3.26 4.22
buckling PPSY PPSY buckling PPSY PPSY
6.36 8.25
Member 5 buckling NA NA buckling NA NA
Chord Splice NA 5.55 6.42 NA 7.19 10.72
Horizontal Shear 4.04 4.53 4.46 5.23 5.87 7.44
yielding yielding yielding yielding yielding yielding
Controlling Rating 2.38 251 2.53 3.00 3.26 4.22
Factor

N/A = Not Applicable

PPSY = Partial Plane Shear Yield
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Table K3.

Rating Factors for 1-64 U5

Inventory Level

Operating Level

FHWA Proposed Proposed FHWA Proposed Proposed
Guidance LRFR LFR Guidance LRFR LFR
(LRFR) Specification | Specification (LRFR) Specification | Specification
3.20 4.15
Member 1 buckling NA NA buckling NA NA
Member 2 12.77 14.23 11.8 16.56 18.44 19.7
buckling buckling buckling buckling buckling buckling
Member 3 8.45 9.31 7.27 10.95 12.07 12.14
block shear block shear block shear block shear block shear block shear
Member 4 2.86 NA NA 3.71 NA NA
buckling buckling
Chord Splice NA 3.67 4.84 NA 476 8.07
. 16.72 14.39 14.36 21.67 18.66 23.96
Horizontal Shear
fracture fracture fracture fracture fracture fracture
Controlling Rating 3.20 3.67 484 371 476 8.07

Factor

N/A = Not Applicable

PPSY = Partial Plane Shear Yield
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[-35W GUSSET PLATE CHECKS All Units: kip, in

These checks will make comparisions between the existing FHWA Guidance, the new proposed LRFR MBE specification,
and the new proposed LFR MBE provisions. Fastener checks will also not be provided. Condition factors are assumed to
be 1.00.

TRUSS JOINT L1

P2
DL =-323 kips
LL =-207 kips
IM = -62 kips
P1
DL = -560 kips P3
LL=-311 _kips DL = -662 kips
IM = -65 kips LL = -462 kips
IM = -60 kips

0o oo ¥ inch plate
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All fasteners
1 inch diameter

Note this joint has a bearing reaction on the bottom and the built-up multi-cell box section
beneath the vertical member is extremely stiff and negates checking some limit states. This
multi-celled section should be checked for compression resistance from the bearing reaction, but
will not be done in this example

Fy := 50ksi

Fy = 70ksi Material Properties

E := 29000ksi

tg = 1in Gusset and Shingle Plate Thickness

2
Existing FHWA Guide Resistance Factors Proposed Resistance Factors
o, =095 ¢¢.:=09 . .
y c d’bs_new = 1.00 d’c_new = 0.95

¢, = 0.80 d’vy =0.95
d)bs = 080 d)vu = 080 d)vg = 100 d)cs = 085
£2:=0.74 Qpew = 0.88



Load Factors

System Factor
bg:=0.90

Member Forces For One Gusset Plate

560 .
P].DL = Tklp
323 .
PZDL = Tklp
662 .
PSDL = Tklp
190, .
P4DL = Tklp

MEMBER 1

ALL_LFR = 217
pL_LFR = 13

311 + 65

Py = ———Ki
1LL > p
207 + 62 .
PZLL = Tklp
N 462 + 60
L=,
394 + 35
PaLL=—>—

kip

kip

Compression

Compression

Compression

Compression

assumes it's a bolted truss, proposed as mandatory for LRFR under MBE Article
6A.6.12.6. The system factor will not be used in calculations using the existing
FHWA Guidance

Compression Member - Need to check Whitmore buckling and partial plane shear yielding
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Calculate LRFR rating factors using existing FHWA Guidance method
K:=12

MV

Calculate the compression capacity of the primary gusset plate

2
KL F

A = | 2ot (_yj X = 1.74
rg' T E

X
1 . :
Cq = b (0.66 -Fy-Asl) if Xy <2.25 Cq = 414.05-kip
0.88-Fy-Agy
M

Calculate the compression capacity of the shingled plate

2
K-L F
2
N = | — 2 (—yj Ny = 1.57
rg' T E

x
Cy = g (0.66 2-Fy-A32) if X, <225 C, = 346.97-kip

otherwise

088-F,-Asy

%)

otherwise

(C1+C2) - 1oL PiDL ~
YL P

1.25

RFEpwWAINY =

1.75
REEHWAOpr = RFFHWAINV T 52

RFFHWAQpr = 1.62

Calculate the proposed LRFR rating factors

Calculate the DL/LL ratio for this limit state to account for further reduction according to MBE
Article 6A.6.12.6.1

P
IO 49
PILL
149 -1

calculate the factored Whitmore buckling strength.

3.29.E _ 3.29.E .
Py = ————Ag; = 3804.43-kip Pep = ————Agy = 2971.27-kip

2 2
( LmidJ ( LmidJ
Y Y
Pop = Fy-Agy = 9475kip Poz = Fy-Agp = T40-kip
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P01

P P
. el ] el .
Whity := d)C_neW- 0.658 ‘Py1) if — =044 =811.02-kip

Po1
0.877-Pgq otherwise

P02

P P
. e2 ] e2 .
Whit := d)C_neW- 0.658 Pyo ) if P_ >0.44 =633.41-kip

02

0.877-Pgo otherwise

calculate the partial plane shear yield check

Qe (058-Fy )- (62.4in)-t
PS = byq new (05 9 _ 1243.89-kip
9 c0s(50.2deg)
Q -(0.58-F )-(54.5in)-t
new g .
PSy = dyg Y ~ 1086.41-kip

c0s(50.2deg)

the buckling strength will be controleld by the minimum of the Whitmore buckling strength and
partial plane shear yield criteria

CLRER = min(Whit1 + Whity,PS7 + PSZ)

RpL_LL ®sCLRFR ~ VDL P1DL

RFLRFRinv = = A

YL PaLe

1.75
RFLRFRopr = RFLRFRinv' ] 32

RFLRFRopr = 3:69

Calculate the proposed LFR rating factors (minimum of Whitmore buckling and partial plane shear)

calculate the factored Whitmore buckling strength

K:=05
MWV
Fy (KL
Foe R 1o — mid — 46.89-ksi
cr y 2 r
4.1 E S
712~E .
5 otherwise
K-Lmig
I's

Whit := 0.85-(Agy + Agy)-Fe, = 1345.06-kip

calculate the partial plane shear yield check
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PS =

Qnew'

(0.58-Fy)'(62.4in + 54.5in)-t

9

cos(50.2deg)

CLFR = Min(Whit, PS) = 1345.06-kip

= 2330.29-kip

the buckling strength will be controleld by the minimum of the Whitmore buckling strength and
partial plane shear yield criteria

RF|_FRiny =

CLFR ~ YDL_LFRPIDL

YL LFRP1LL

2.17

RFLFRopr = RFLFRInv T 5

RFLFRopr = 401

Summarize Rating Factors Using the Three Methods for Member 1

Existing FHWA LRFR Method
Proposed LRFR Method

Proposed LFR Method

MEMBER 2

Inventory

RFEHWAINY = 125

RF| RFRinv = 2-85

RF| FRiny = 24

Operating

RFEHwWAOpr = 1.62

RFLRFRopr = 3:69

RFLFRopr = 401

Compression Member - Need to check Whitmore buckling
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Calculate LRFR rating factors using existing FHWA Guidance method
K-8

_ 4.3in + 4.3in + 4.3in

Laugﬂ : 3

L B 4.3in + 4.3in + 4.3in
ANANGR 3

m:z 4.3in

lo = —tg

MY \/E

Asi = 27.7in~tg

ASZ = 19.6in~tg



K:.=1.2
MW

Calculate the compression capacity of the primary gusset plate

2
K-L F
avgl y
g o= | ———2= | | 2L A\ =0.22
o] . .
0.88-F,,-A
y'st otherwise
A

Calculate the compression capacity of the shingled plate

2
K-L F
avg2 y
N = =il B A Xy =0.22
A ( rg T ] (Ej 2

A

2 . .

0.88-Fy-Agy

A2
(C1+C2) ~ YpLP2pL

REFHWAR = = =3.26
LL F2LL

otherwise

1.75
RF = RF inv'——
Rirraopn = RFFHWAINY 7 o

RFFHWAGpr = 423 |

Calculate the proposed LRFR rating factors

Calculate the DL/LL ratio for this limit state to account for further reduction according to MBE
Article 6A.6.12.6.1

P
2DL
— =12
PaLL
1.18-1
RD' _| } =1- 01( 5 j RDL_LL =1

calculate the factored Whitmore buckling strength. Sum together the individual
components of the gusset and shingle plate.

3.29.E . 3.29.E .
Posi= ————Agq = 17866.8-kip Pogi= ————Agy = 12642.21-kip

2 2
(LmidJ (LmidJ
Y Y

Pas= Fy-As1 = 692.5-kip Paz,= Fy-Asp = 490-kip



Po1
. Pe1 . Pel .
Whlt; = ¢c_new' 0.658 Pop ) if P_l >0.44 = 647.29-kip
0
0.877-Pgq otherwise
Po2
. Pe2 . PeZ .
Whltz = ¢c_new' 0.658 Pop | if P—220.44 = 458.01-kip
0
0.877-Pgp otherwise

calculate the partial plane shear yield check

This check is not relavent to this vertical member because there is no partial
plane that can shear and reduce the out-of-plane stiffness of the member

therefore the capacity is only detemined from the sum of the Whitmore buckling strength from
the primary gusset and shingle

_ RpL_1L"?sCLRFR ~ DL P2DL
REARRFRinWw = = &b
TLLP2LL
1.75
RELRrFRepr = RFLRFRinV ] 3
RF|_RFRopr = 4-35
Calculate the proposed LFR rating factors
calculate the factored Whitmore buckling strength
K:=05
MWV
2
F KoLy
_ y mid 3 .
Fow= |Fy|1- ” [ , J = 49.52-ksi
4.E S
Tr2~E .
5 otherwise
K-Lmid
s

MWW

WVhit,:= 0.85-(Agy + Agy)-Fe, = 995.39-kip

calculate the partial plane shear yield check

This check is not relavent to this vertical member because there is no partial
plane that can shear and reduce the out-of-plane stiffness of the member

therefore the capacity is only detemined from the sum of the Whitmore buckling strength from
the primary gusset and shingle

CLiR= Whit = 995.39-kip
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~ CLFR ~YDL_LFR'P2DL
R RRinw = = = 2.69
YLL_LFRT2LL
2.17
REkrapr = RFLFRInV = 3
RFLFRopr = 4.49
Summarize Rating Factors Using the Three Methods for Member 2
Inventory Operating
Existing FHWA LRFR Method RFFHWAinv = 3.26 RFFHWAopr =4.23
Proposed LRFR Method RF| RERiny = 3-35 RFLRFRopr =435
Proposed LFR Method RF| ERiny = 269 RFLFRopr =4.49

MEMBER 3

Compression Member - Need to check Whitmore buckling and partial plane shear yielding
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Calculate LRFR rating factors using existing FHWA Guidance method
K:=1.2

MV

Calculate the compression capacity of the primary gusset plate

2
K-L F
avgl y
Mo = il B P A\ = 0.29
e (2] 1
o] . .
Ca1s= e |10.66 'Fy'Asl if X\ <225 Cq = 823.79-kip
0.88-F,,-A
y'sl otherwise
A

Calculate the compression capacity of the shingled plate

2
K-L F
avg2 y
Ao = 2 Xy = 0.46
A ( rg: Tt j [Ej 2

A
2 : .
Coi= b (0.66 -Fy-Asz) if Xy <225 C, = 512.07-kip

088-F,-Asy

%)

otherwise

. (C1+C2) - DL P3pL
REFRWAiD = = =
LL'T3LL

1.75
RF = RF iy T
WO RIV FHWAInv'; oc

IRFEHWAGpr = 262

Calculate the proposed LRFR rating factors

Calculate the DL/LL ratio for this limit state to account for further reduction according to MBE
Article 6A.6.12.6.1

P
DL
3oL =1.27
PaLL
127 -1

Calculate the factored Whitmore buckling strength.

3.29-E . 3.29-E .
Poti= ———Ag1 = 2279.39-kip Pezi= ———Agp = 1523.28-kip

2 2
(LmidJ (LmidJ
Y Y
Poas= Fy-Asy = 10325-kip Pozs= Fy-Asz = 690-kip
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Pot
. Pe1 . Pe1 .
Whity, = ¢c_new' 0.658 " -Pyq ) if P_l >0.44 =811.48-kip
0
0.877-Pgq otherwise
Po2
. Pe2 . Pe2 .
Whits, = ¢c_new' 0.658 " -Pyy ) if P_z >0.44 =542.29-kip
0
0.877-Pgo otherwise
Calculate the partial plane shear yield check
Qpo(0.58-F,)-(35.7in) -t
PSy = byg new (056 Fy) 9 _ 593.79-kip
9 €0s(39.9deg)
Qpo(0.58-F,)-(25.2in)-t
PSa = dyg new (056 Fy) 9 _ 419.14-kip
9 €0s(39.9deg)

the buckling strength will be controleld by the minimum of the Whitmore buckling strength and
partial plane shear yield criteria

~ RpL_1L"?sCLRFR ~ DL P3DL
REARRFRinWw = = 49
TLLT3LL
1.75
RELRrFRepr = RFLRFRinV ] 3
[RFLRFRopr = 14
Calculate the proposed LFR rating factors
calculate the factored Whitmore buckling strength
K:=05
MWV
2
F KoLy
_ y mid 3 .
Fow= |Fy|1- ” [ , J = 44.34 ksi
4.1E S
Tr2~E .
5 otherwise
K-Lmid
s

Whit,:= 0.85-(Agp + Agp)-Fy = 1298.32-kip

MWW



calculate the partial plane shear yield check
. Qnew-(o.ss-Fy)-(35.7in + 25.2in)-t
o c0s(39.9deg)

9

= 1012.93-kip

the buckling strength will be controleld by the minimum of the Whitmore buckling strength and
partial plane shear yield criteria

CorR,= MiN(Whit, PS) = 1012.93-kip

CLFR ~ YDL_LFR'P3DL
RELFRinw = = 1.03
YLL LFRP3LL
RELFRapr= RFLFRinV'%
RFL_FRopr = 172
Summarize Rating Factors Using the Three Methods for Member 3
Inventory Operating
Existing FHWA LRFR Method  RFpqwainy = 202 RFEHWAopr = 2.62
Proposed LRFR Method RF| RFRiny = 1.08 RFLRFRopr =14
Proposed LFR Method RF | FRiny = 1.03 RFLFRopr =172

MEMBER 4

Calculate LRFR rating factors using existing FHWA Guidance method that suggests a Whitmore
buckling analysis
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Calculate the compression capacity of the primary gusset plate

2
K I-avgl &
fg T E

/3\‘/\1/\:: )\1 = 04
ol . .
0.88-F,,-A
1
y s otherwise
A
Calculate the compression capacity of the shingled plate
2
oo [ Slavez | [Fy X, = 0.39
22 . .
0.88:-F\-Aq)
y s otherwise
A2
(C1 + C2) - YpLPapL
RF e O - = 3.7
ALLF4LL
1.75
RF = RF it T
AWIRRAAO RN FHWAInv"; 5¢

RFERWAQpr = 479

Calculate the proposed LRFR rating factors. Check the member as if it was a chord splice to ensure
the section won't yeild under the eccentric loading, this would consider the load from both the P3 and

P4 members. o oo o
I
‘OO OO‘
o O o O s
N ﬁ‘i s © o
o oo | o ‘ o P Q ) ° P3
© | o o o ¢ © o©
o o o/ o 0|0 010 0 Xe oo o7
oN.o ©o/° \rw*r\*m*m*\r* ON° o o o
o o o \o o ol o o o ©O ; o\ o ; o
o 0N ° \OHO\\OMO\\OHO o o @/9 o o
o 0 ! 9 o0 o
o © N o T T o o .
o 0/ T o iaone °f o @/@( °© o o 38.3
o © ON° o 7
N (o]
~ o o 0N u%u oo o v o o\l L7
! o
© N\ 0o O O AL IO %N C 1910 o o o o\,
/ N —— —
N~ Lo ° Neomo oo oo A R
— - © N P 0 0 0 o o|lo o o
P \owouomouoyo |
o o o
\ouauo\‘\o\\@uo\ ° o o o
© © ClolloM™Nollo)Tollo If © o o o
o o lollol 130G 1 Iglig 1P oo o0 ololo o o "
00 lollgllolollgleg B0 o obololo o o ®
I
o olollgllgllgl gy o o 5 . P4 16°
T A R TR B T |
o o o o o o o o °
T N I TR B T [ © °
O (e} O (e} ]
L% %% % e o ofotofo o o
o
<
— N
m'i
Y



K- LgpliceV 12
. _ . splice
K=05 Lsplice = 5-2in Q.
g

=90.01

Since KL/r of the free plate between chords is less than 25, Fcr equals Fy (MBE Equation
6A.6.12.6.8-2)

for= Fy
Calculate the height (h1) of the P3 and P4 force resultant, use the factored loads

_ P4-cos(1.6deg)-(14.0in) + P3-cos(38.3deg)-(29.2in)

hq:
1 P4.cos(1.6deg) + P3-cos(38.3deg)

hy = 22.82in

Calculate the gross area of the combined gusset and shingle plate cross-section

Ag = 2:t(6L7in) + 2t,-(51.7in) = 1134 in’

Calculate the height of the centroid of the combined gusset and shingle plate cross-section

2~tg~(61.7in)-(%in) + 2-tg-(51.7in)-(%inj
h2 = h2 = 28.57in
Ag

Calculate the eccentricity between the force resultant and the centroid of the cross-section
ep = hy — hyq €p = 5.75in
Since the centroid of the force is below the centroid of the cross-section, the maximum

axial+bending stress will be at the bottom of the plate. Now calculate the section modulus to
the bottom of the cross-section

.3 .3
(61.7in)"-t 2 (51.7in)"-t 2
_ g . 61.7. g . 51.7 .
Ig =2 + (61.7|n)~tg-(—2 in — hzj + + (51.7|n)~tg-(—2 in— hzj
Ig 3
Sg =— S, = 1112.78-in
h, g

Calculate the capacity of the section assuming it occurs at first yield using beam bending theory
(MBE Eqgn. 6A.6.12.6.8-1)

Sg'Ag

S, +e

] — 3039.09-kip
g* ephy

SLRFRA Pcs Fcr'(

Calculate the DL/LL reduction factor
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(P4DL~cos(1.6deg) + P3D|_'cos(38.3deg))

(P4LL~cos(1.6deg) + PSLL~cos(38.3deg))

** The DL/LL ratio is less than 1.0, so no DL/LL reduction is
necessary **

RDI b= 1
Calculate the LRFR Inventory rating factor

dsRpL_|L'CLRFR ~ 2-~YDL~(P4DL~COS(1.6deg) + P3D|_~cos(38.3deg))
2-"\{LL-(P4LL-COS(1.6deg) + P3|_|_‘cos(38.3deg))

RF| RFRIAW =

** dead and live loads were doubled because ealier in the
sheet they were halved so resistance checks could be made
per gusset plate, which doesn't apply to the chord splice **

IRFLRFRiny = 126 |

1.75
RRurrRepr = RFLRFRinV T 52

RFLRFRopr = 163 |

Calculate the proposed LFR rating factors

The capacity calculation is no different in LFR

C
LRFR .
N(s:/\hERV:: d) = 35754k|p
cs
CLER - 2"YD|__|_|:R'(P4D|_'COS(1-6d99) + P3D|_~cos(38.3deg))
RFLFRimw ™= = 1.4¢
2.17
REesRepr= RFLFRinv = 3
[RFLFRopr = 243 |
Summarize Rating Factors Using the Three Methods for Member 4
Inventory Operating
Existing FHWA LRFR Method RFFHWAinv =37 RFFHWAopr =479
Proposed LRFR Method RF| RERiny = 1.26 RFLRFRopr =1.63

Proposed LFR Method RF| FRiny = 146 RFLFRopr =243
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Vertical Plane 1 Shear Check
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PypL = P3vpL — PavpL = 202-kip

PyLL = PavLL — PaviL = 156-kip

Calculate LRFR rating factors using existing FHWA Guidance method

Gross Yielding
Vi = ¢Vy~(0.58~Fy)~(54.4|n + 63.0in)-t-(2 = 1197-kip
Shear Fracture
1| .
Viu = ¢Vu'(0.58-Fu)~[54.4 + 63.0 - 16(1 + gﬂm-tg = 1614-kip

The capacity is the minimum resistance between shear yielding and fracture

CEHWA = Min(Vpy, V) = 1196.72-kip

C -vpi P
nE . CPHwA- YoLPvoL
YL PviL
175
RF — RF L2
wWRRAAORIV FHWAIinv 1.35

RFFHWAGpr = 449 |

K-18



Calculate the proposed LRFR rating factors

Calculate the DL/LL ratio for this limit state to account for further reduction according to MBE
Article 6A.6.12.6.1

P
VDL
— =13
PvLL
130-1

Gross Yielding
Vo= Gyg(0-58-Fy ) (54.4in + 63.0in)-ty-Qpe,, = 1498-kip

Shear Fracture

1], :
Vo= ¢Vu.(o.58-|=u)~[54.4 +63.0 - 16-(1 + Eﬂmtg = 1614-kip

The capacity is the minimum resistance between shear yielding and fracture

CLRER.= min(Vny,Vnu) = 1498.02-kip

_ RpL_LL®sCLRFR ~ TDLPVDL

RF: oo =3.99

YLLPviL

1.75
RELRrFRepr ™ RFLRFRinV 3

RFLRFRopr = 517

Calculate the proposed LFR rating factors
Gross Yielding

V= (0-58-Fy ) (54.4in + 63.0in)-ty- Qe = 1498-Kip

Shear Fracture
1. :
Vo= 0.85(0.58-Fu)-|:54.4 +63.0 - 26(1 - Eﬂmtg = 1521-kip

The capacity is the minimum resistance between shear yielding and fracture

CLFER, = min(Vny,Vnu) = 1498.02-kip

~ CLFR~ YDL_LFR*PvDL
RE L FRime= = — 3.65
L _LFRPyLL
2.17
REukrapr = RFLFRInV' 35

RFLFRopr =61




Summarize Rating Factors Using the Three Methods for Vertical Plane 1 Shear

Inventory Operating
Existing FHWA LRFR Method RFEHWAInY = 346 RFFHWAOpr =449
Proposed LRFR Method RF| RERiny = 3-99 RFLRFRopr =517
Proposed LFR Method RF| FRiny = 3:65 RFLFRopr =6.1

Vertical Plane 2 Shear Check

50.2°
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> O1 | Ol O OO | |
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Ho\\/\o Mo/\/\o\\o\f
Hol Tolbo l lgllgl]
gl Tgllgllagllg
L e
1ol lata! lalol!
T TN TR N

Pvbl.= P1pL-cos(50.2deg) = 179-kip

P\kdn= P11 C0s(50.2deg) = 120-kip

Calculate LRFR rating factors using existing FHWA Guidance method

Gross Yielding

Vo= q)vy~(0.58~Fy)~(54.5|n + 62.4in)-t4-(2 = 1192-kip

Shear Fracture

V

1], :
= ¢Vu~(0.58~Fu)~[54.5 +62.4 - 14~(1 + gﬂmtg = 1643-kip

K-20



The capacity is the minimum resistance between shear yielding and fracture

ChkWw= Min(Vyy, Vyy) = 1191.62-kip

~ CrHwA ~ YDLPyvDL

RERHWAIR = =459

YL PviL

1.75
RF = RF i T
WA FHWAInv 1.35

RFEHWAOpr = 596

Calculate the proposed LRFR rating factors

Calculate the DL/LL ratio for this limit state to account for further reduction according to MBE
Article 6A.6.12.6.1

P
_VDL 49
PyLL
149 - 1
R Dlybibe= 1~ 0.1-(7) —0.99

Gross Yielding
Vo= q>vg~(0.58~Fy)~(54.5in + 62.4in)-t4- Qe = 1492-kip

Shear Fracture
1)) .
Vo= ¢Vu~(0.58-Fu)-[54.5 +62.4 - 14.(1 + gﬂmtg = 1643-kip

The capacity is the minimum resistance between shear yielding and fracture

CLRERA= min(Vny,Vnu) = 1491.64-kip

~ RpL_1L9sCLRrrR ~ DL PVDL

RF - =5.25

YLLPviL

1.75
REarrRepr™ RFLRFRinV 3

RFLRFRopr = 68

Calculate the proposed LFR rating factors

Gross Yielding
Vo= (0.58~Fy)'(54.4in + 63.0in)-t ey = 1498-Kip

Shear Fracture

1], :
Vo= 0.85(0.58-Fu)-[54.4 +63.0 - 26.(1 + Eﬂmtg = 1521-kip
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The capacity is the minimum resistance between shear yielding and fracture

Cakr,= Min(Vpy, Vi) = 1498.02-kip

~ CLFR ~ YDL_LFRPvDL
RE L FRinw= - — 4.84
LL_LFRPvLL

2.17
REakrapr = RFLFRInV 35

RFLFRopr = 809

Summarize Rating Factors Using the Three Methods for Vertical Plane 2 Shear

Inventory Operating
Existing FHWA LRFR Method RFERwWAInY = 499 RFFHWAOpr = 5.96
Proposed LRFR Method RF| RFRiny = 925 RFLRFRopr =6.8
Proposed LFR Method RF FRiny = 484 RFLFRopr = 8.09

Horizontal Plane Shear Check

the only valid plane would have to pass through the multi-celled box above the bearing thus requiring alot of area to shear
that cannot occur.
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I-80 GUSSET PLATE CHECKS All Units: kip, in

These checks will make comparisions between the existing FHWA Guidance and new proposed MBE
specification. Since the final report clearly outlined that Whitmore compression checks of chord splices do
not provide value, they will not be reported. Fastner checks will also not be provided. Condition factors are
assumed to be 1.00.

TRUSS JOINT L3

262
124

Ps | Eoosoosooslooiooioisy |m
—> 0 000O0O0OO0ODOO|0OOOOOOOOGOO —
267 O 00 000 O0O0OO0OO0OQ|00O0O0O0O0O0CO0O0OO0 1213
255 cocooocooslocoscosssa 419
22 37
Plates: Gusset 3/4
Side Splice1 30x1/2
Side Splice 2 16 x 7/16
Top Splice 24 x 3/8
Bottom Splice 18 x 3/8
Fy := 50ksi
Fy = 70ksi Material Properties
E := 2900(si
tg := 0.75n Gusset Thickness
) 3. . .2
ATCS = Eln -24in ATCS =9in
3. | .2 .
ABcs = Em -18in Agcs = 6.75in Splice Plate Areas
4 . . 7 . i .
ASCS :=| —in|-30in + | —in |-16in ASCS =22 II"I2
8 16
Existing FHWA Guide Resistance Factors Proposed Resistance Factors
by =095  ¢g:=09 Pps new = 1.00 &g ey = 0.95
by =080  dyy = 0.95 - -
d)bs = 080 d)vu = 080 d)vg = 100 d)cs = 085
Q=074 Qpey = 0.88

Load Factors
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System Factor

dg = 0.90 assumes it's a bolted truss, proposed as mandatory for LRFR under MBE Article
6A.6.12.6. The system factor will not be used in calculations using the existing
FHWA Guidance

Member Forces For One Gusset Plate
1213 419 + 37

PipL = kip PiLL = Tkip Compression
PopL = %kip PoLL = %kip Tension

PapL = %kip PaLL = wkip Compression
PiapL = %kip PaLL = Wkip Compression
PspL = %kip Pep | = %kip Compression
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MEMBERS 1 and 5
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M5=——> ‘ +— M1 V12
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‘ A := 54.18in-t
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|
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—
<
Lo
— =—550

Calculate LRFR rating factors using existing FHWA Guidance method
K:=12

Calculate the compression capacity of the primary gusset plate

2
KL F
Xi= [ﬂJ (—yj X = 0.16
rg' T E
N . .
Jopare (0.66 -Fy-As) if X\ <225 C = 1709.3-kip

0.88-F,,-A
S .
y otherwise

Calculate the rating factors for Member 1

C - vpLPibL
REEHWAINY = —— 5 — =238
YLPiL

1.75
REEHWAOpr = RFFHWAINV T 52

RFEHWAQpr = 3-09

Calculate the rating factors for Member 5

~ C-pPspL
RE A= > = 6.36
L PsLL
175
RF — RF
WA FHWAInv 135

RFFHWAOpr = 8.25
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Calculate the proposed LRFR rating factors. In the proposed method, both members are evaluated a:
part of a chord splice check.

M3

jo o o o o o o o o
lo o o o o o o o o

74.20

53.1° “1.° o~ ’ /
. o
- o >
o o
A\ N
r{Y -~ -~ - -~ - - - - - - -~ \-- - -~ - - - - - - - - - = H .
a a a a a a a a a a o o o o o o o a a a Centroid of Area—- - T T I
! ©
co'o o o o o o o o o ;o0 o o 0o o o o o oo
(e}
© o o ©o o o o o o olo o o o o o o o o o ™
6 0 0 o o o 6 o o o0'o o o o o o o o o o A
M54> ! - Ml Centroid of Force—-tf—-——-—-—-—11-——
© © o o o ©o o0 o o o0 /0 o o 0 o0 ©°o 0 0o 0o o
o o o o o o 0o o o o]0 o o o o o o o o o
o 0o o o o o o o o olo o o o o o o o o o
|
o o o o o o @ o o a o o o o o o o ©o o a
||

~——231.88

Start by calculating the DL/LL ratio for this limit state to account for further reduction according to
MBE Article 6A.6.12.6. Look at loads on both sides of the splice and use the worst case.

left side

Fleft = VDL (PsDL + PapL-c0s(53.1deg)) + ~ | -(Psy | + Pgp | -cos(53.1deg)) = 781.44-kip
right side

Fright := wDL-(PlDL - PZDL-cos(SS.ldeg)) + 'YLL~(P1LL - PZLL-cos(53.1deg)) = 779.09-kip

since the loads are very similar, calulate the DL/LL reduction for each set of loads to consider the
worst case loading

(PspL + Pgpcos(53.1deg)) . (P1pL — PapL cos(53.1deg)) -
(PsLL + Papp-cos(53.1deg)) (P1LL — Pop 1 -cos(53.1deg))

161 2351
RDL_LLleft=1- 0-1'( s j =0.99 RDL_LLright =1 - 0-1-(Tj =0.97

The loads on the right side would be more sever, so base the chord splice
capacity on the of the right side of the connection

Determine the height (h1) of the M1 and M2 force resultant, using the factored loads. Since both
members share a common workpoint that is on the spliced plane, hl is simply half the depth of
the chord.

in .
hq == 31.88 > hq = 15.941in
Calculate the gross area of the combined gusset and shingle plate cross-section

. .2
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The other cross-sectional properties of the combined section were determined using a CAD

program.
ey = 13.98in is the eccentricity between the force resultant and
the centroid of the combined plate area.
I, = 74126in4 is the moment of inertia of the gross spliced

section, calculated with a CAD program

Since the centroid of the force is below the centroid of the cross-section, the maximum
axial+bending stress will be at the bottom of the plate. Now calculate the section modulus to

the bottom of the cross-section

|
5 =3 S, = 4650.31.in°
g9 hy g9

Determine if the chord splice is compact

=127

K-Lepficey 12
- 5.5in —Sp't'ce

=05 LSp“CE:
g

K
MWV
Since KL/r of the free plate between chords is less than 25, Fcr equals Fy

For = Fy

Calculate the capacity of the section assuming it occurs at first yield using beam bending theory
Sy A

CLRER = Pos Fop| ——2— | = 4800.91kip
Sg + ep-Ag

Calculate the rating factor

bsRpL_ [ Lright CLRFR ~ 2 DL (P1DL ~ P2pLc0s(53.1deg) )
RF| RFRinv =
2.4 L(PaLL — Por-cos(53.1deg))

RFLRFRiny = 555 |

1.75
RFLRFRopr = RFLRFRinv' ] 32

RFLRFRopr = 719 |
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Calculate the proposed LFR rating factors

The capacity calculation is the same, though there is a difference in the resistance factors.

CLRER

cs
Calculate the rating factor

CLFR ~ 2DL_LFR'(P1DL ~ P2pL c0s(53.1deg))
29 LR (P1LL — ParL cos(53.1deg))

RFLFRiny = 6:42 |

RF| FRiny =

2.17
RFLFRopr = RFLFRInv' ] 35

[RFLFRopr = 1072 |

Summarize Rating Factors Using the Three Methods for the Chord Splice

Inventory Operating
Existing FHWA Method not applicable not applicable
Proposed LRFR Method RF| RFRiny = 5-55 RFLRFROpr =7.19
Proposed LFR Method RF|FRinv = 642 RFLFRopr = 10.72

MEMBER 2

Tension member - Need to check gross/net section checks on Whitmore section, and block shear

M5—> <— M1IM5—> |’
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define the gross and net section areas on Whitmore section

. .2
N’Av‘gv: 54.45|n-tg =40.841in

A = | 54.45in - 6 U + 1 in|-t, = 36.34 in2
8 8 9
define the gross and net sections for block shear check

. .2
Atg = 17.56|n-tg =13.17in

. .2
Avg = (2-33.75|n)-tg =50.621in
7 1). .
Atn = Atg -5 =+ = |n-tg = 9.42|n2
8 8
7 1) .2
AVn = Avg - 17-(5 + g)m-tg = 37.88in

Calculate LRFR rating factors using existing FHWA Guidance method

calculate yield on gross and fracture on net for the Whitmore plane

Py = dy-Fy-Ag = 1940-kip

Ph= ¢y FuAn= 2034.9-kip

calculate block shear resistance
Pps = |[Pbs (058 Fy-Ayg + FyrAp)] if Apy 2 058:Ay, = 1756.98-kip
[ bps(0-58-Fy-Ayy + Fy-Arg]] otherwise

the capacity is based on the minimum of block shear, yield on Whitmore, and fracture on
Whitmore

CrrwA = Min(Py,. P, Pyg) = 1756.98-kip

C - vpi P
RE s FHWA ~ VDL 2DL:7_25
YL P
1.75
RF = RF o —
WA FHWAInv 135

RFFHWAQpr = 94

Calculate the proposed LRFR rating factors

Calculate the DL/LL ratio for this limit state to account for further reduction according to MBE
Article 6A.6.12.6.
p
2DL
— =349
PaLL

349-1

calculate yield on gross for the Whitmore plane
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Pai= Sy Fy-AnRpL_ || = 1933.56-kip

calculate the block shear resistance

Posi= | Pbs_new(0-58-Fy-Ayn + FuAm) RoL_LL if FurAun < FyAyg = 202157-kip

¢bs_new'(0-58'Fy'Avg + FU'Atn>'RDL_LL otherwise

the resistance is the minimum of the Whitmore yield on gross, Whitmore fracture
on net, and block shear

SLRER,= MiN(Py.Pp.Pyg) = 1843.18-kip

~ &sCLRFR ~ DL P2DL
RE L RERIIW=

=6.71

YL ParL

1.75
RELRrFRepr ™ RFLRFRinV ] 3

RFLRFRopr = 87

Calculate the proposed LFR rating factors

calculate yield on effective Whitmore plan
B:=0.15
. .2
Ag= |An+ B-Ag if Ap+ S-Ag < Ag =40.84in

Ag otherwise

Py= Fy-Ag = 2042:kip

calculate block shear resistance

Posi= [[0-85:(058:Fy-Ayg + Fy-Ap)] if Ay >058A,, = 1866.79-kip

[0.85:(0.58-F - Ay, + Fy-Ayg]] otherwise

the capacity is the minimum of the yield on effective Whitmore area or block
shear

CLER, = min(Py,Pbs) = 1866.79-kip

~ CLFR~ YDL_LFR*P2DL
RE L FRime= > ~ 6.26
L LFRPaLL
2.17
REukrapr = RFLFRInV = 3

RFLFRopr = 1045
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Summarize Rating Factors Using the Three Methods for Member 2

Inventory Operating
Existing FHWA Method RFERWAINnY = 7-25 RFFHWAOpr =94
Proposed LRFR Method RF| RERinv = 6-71 RFLRFRopr = 8.7
Proposed LFR Method RFLERiny = 626 RFLFRopr = 10.45

MEMBER 3

Compression Member - Need to check Whitmore buckling and partial plane shear
yielding

M3

oo o o o o o o

M5—>

Calculate LRFR rating factors using existing FHWA Guidance method
Calculate the compression capacity of the primary gusset plate

K:=12

AAAS

2
K-L F
. (ﬂJ (_VJ o

rg' T E
PN . .
CrrWA= D (0.66 -Fy-AS) if X<2.25 = 1457.48-kip
0.88-F,-A
+s otherwise

C —pL P
FHWA ~ VDL P3DL
RE E A=

~9.24
YL P3LL

1.75
RF = RF i T
WA FHWAInv 135

RFEHWAOpr = 1198
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Calculate the proposed LRFR rating factors (minimum of Whitmore buckling and partial plane shear)

Calculate the DL/LL ratio for this limit state to account for further reduction according to MBE
Article 6A.6.12.6

P
SBL 6
PaLL
164-1

calculate the factored Whitmore buckling strength.

3.29-E .
Pe = ————Ag = 25943.81-kip

2
(Lmid]
e

Po = Fy-Ag = 1936.12-kip

P P
. e .. € .
Whit == &g newRpp_ L || 0658 ~-Pg) if — =044 = 1759.94-kip

Po
0.877-Pg otherwise

calculate the partial plane shear yield check
there is no valid partial plane shear plane for this vertical member and
this does not need to be checked

the buckling strength is the Whitmore buckling strength

~ 9sCLRrRPR ~ YDL'P3DL

RF - =10.14

YL P3LL

1.75
RELRrFRepr = RFLRFRinV 3

RFLRFRopr = 1315
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Calculate the proposed LFR rating factors (minimum of Whitmore buckling and partial plane shear)

calculate the factored Whitmore buckling strength

K:=05
MWV
2
F K-L i
_ y mid B .
A'»:/GW_ Fy- 1- . ( . J = 49.07-ksi
4.7 E S
712~E .
—————— otherwise
K-Lmig
I's

Whit := 0.85-AF, = 1615-kip

calculate the partial plane shear yield check

there is no valid partial plane shear plane for this vertical member and
this does not need to be checked

the buckling strength will be controleld by the minimum of the Whitmore buckling strength and
partial plane shear yield criteria

~ CLFR~ YDL_LFR'P3DL
RE LRI = 5 = 8.32
YLL_LFRF3LL
2.17
REukrapr = RFLFRInV = 3
RFLFRopr =13.89
Summarize Rating Factors Using the Three Methods for Member 3
Inventory Operating
Existing FHWA Method RFFHWAinv =924 RFFHWAopr =11.98
Proposed LRFR Method RF| RFRinv = 10.14 RFLRFRopr = 13.15
Proposed LFR Method RFLFRan = 832 RFLFROpI’ = 1389
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MEMBER 4

Compression Member - Need to check Whitmore buckling and partial plane shear yielding

M5—>

Calculate LRFR rating factors using existing FHWA Guidance method
Calculate the compression capacity of the primary gusset plate

K:=12

AAASS

2
K-L F
M= | — | L 02
mw rgm E

X . .
Crrwac= Pc (0.66 -Fy-AS) if X\<2.25 = 1747.39-kip

0.88-F,,-A,
S .
y otherwise

C - -P
FHWA ~ YDL'"4DL
RE AR =

- 655
YL PaLL

1.75
RF = RF v T
WA FHWAInv 135

RFEHWAGpr = 85 |

Calculate the proposed LRFR rating factors (minimum of Whitmore buckling and partial plane shear)

Calculate the DL/LL ratio for this limit state to account for further reduction according to MBE
Article 6A.6.12.6

P
4DL
— =288
PaLL
288 -1
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calculate the factored Whitmore buckling strength.

3.29-E
Po,= — A = 10777.96-kip

2
(Lmid]
Y

Pos= Fy-Ag = 204187 Kip

P P

. e . e .

Whiti= bc_newRoL_LL [(0658 *Pg ) If == >044 = 172453-kip
0

0.877-Pg otherwise

calculate the partial plane shear yield check

Qnew (058 Fy)-(44.7in)ty-Rpy (|
c0s(36.9deq)

= 1029.64-kip

PS = d)vg-

the buckling strength will be controleld by the minimum of the Whitmore buckling strength and
partial plane shear yield criteria

CLRER,= MiN(Whit,PS) = 1029.64-kip

~ 9sCLRrRPR ~ VDL PaDL

RF - =251

YL PaLL

1.75
RELRrFRepr ™ RFLRFRinV 3

RFLRFRopr = 326

Calculate the proposed LFR rating factors (minimum of Whitmore buckling and partial plane shear)

calculate the factored Whitmore buckling strength

K:=05
MWV

= 47.63-ksi

Fy (KLmig
s

4-7T2E

otherwise

Whit := 0.85-A = 1653.39-kip

N S'FCI’
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calculate the partial plane shear yield check
Qnew(0-58-Fy)-(44.7in)
€0s(36.9degq)

PS = g

MV

= 1069.87-kip

the buckling strength will be controleld by the minimum of the Whitmore buckling strength and
partial plane shear yield criteria

CirR,= Min(Whit, PS) = 1069.87-kip

~ CLFR~ YDL_LFRPaDL
RE L FRime=

= 2.53

YL LFRPaLL

217
REukrapr = RFLFRInV = 3

RFLFRopr = 422

Summarize Rating Factors Using the Three Methods for Member 4

Inventory Operating

Existing FHWA Method

RFEHwAiny = 6:55 RFEHwWAOpr = 85

Proposed LRFR Method

RFLRFRinv = 251 RF| RFRopr = 3-26

Proposed LFR Method RFLFRiny = 2:53

RFLFRopr = 422

Horizontal Plane Shear

M3
M4 M2
2 :o o o o: JEON / PZHDL = PZDLCOS(S?)ldeg) = 216k|p
\:0000: OO\\ :o . o o: //OOOZOOODOD? PZHLL: PZLLCOS(531deg):62k|p
N IR _ ~ .
2, o 0 e 0 0 ol N2 %0 O o P4HDL— P4DLCOS(531deg) = 200k|p
53.1° .o, L. Te.t.) 53
R R 4 PaHLL = Papy -cos(53.1deg) = 70-kip
M5 e e e e e e e ML
oooooooooo;oooooooooo
94.75 |
PHDL = PaHDL * PoHDL = 416-Kip
PHLL = PaHLL + PoHLL = 131-kip
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Calculate LRFR rating factors using existing FHWA Guidance method

Gross Yielding

Vny = byy(0.58-Fy )-94.75in-t -0 = 1449-kip

g

Shear Fracture
_ 7 1] .
Viu = yy(0-58-Fy )| 94.75 — 20 3 g )[intg = 182L:kip
The capacity is the minimum resistance between shear yielding and fracture

CEHWAL= min(Vny,Vnu)

~ CFHwA ~ VDL PHDL

RE E A= = 4.04

YL PHLL

1.75
RF = RF i T
WA FHWAInv 135

RFFHWAOpr = 523

Calculate the proposed LRFR rating factors

Calculate the DL/LL ratio for this limit state to account for further reduction according to MBE
Article 6A.6.12.6.

p
HDL
—— =316
PHLL
316 -1
MN:: 1 — 01(—5 ) = 096
Gross Yielding
A ¢Vg-(0.58-Fy)-94.75in~tg~ﬂnew-RDL_LL = 1735-kip

Shear Fracture

7 1)]. .
Vo= ¢Vu-(0.58-Fu)-[94.75 - 20.(E + Eﬂm.tg-RDL_LL = 1742-kip

The capacity is the minimum resistance between shear yielding and fracture

CLRERA= min(Vny,Vnu) = 1735.17-kip

~ 9sCLrRPR ~ VDL PHDL

RE L RERiW = =453

YLLPHLL

1.75
RELRrFRepr = RFLRFRinV 3

RFLRFRopr = 587
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Calculate the proposed LFR rating factors
Gross Yielding

Vo= (0.58-Fy)-94.75|n-tg-Qnew = 1814-kip
Shear Fracture

1], .
Vo= 0.85-(0.58-Fu)-[94.75 - 20-(1 + Eﬂm-tg = 1870-kip

The capacity is the minimum resistance between shear yielding and fracture

Cakr,= Min(Vpy. Vy) = 181351 kip

~ CLFR~ YDL_LFR'PHDL
RF L RRiw= o = 4.46
ALL_LFRPHLL

2.17
REkrapr = RFLFRInV ] 35
RFLFRopr =7.44
Summarize Rating Factors Using the Three Methods for Horizontal Shear
Inventory Operating
Proposed LRFR Method RFRFRinv = 493 RFLRFRopr =587

Proposed LFR Method RF | FRiny = 446 RFLFRopr =7.44

Vertical Plane Stress Check
unnesseccary as plate cannot mobilize through chord splice
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[-64 GUSSET PLATE CHECKS All Units: kip, in

These checks will make comparisions between the existing FHWA Guidance, the new proposed LRFR MBE specification,
and the new proposed LFR MBE provisions. Since the final report clearly outlined that Whitmore compression checks of

chord splices do not provide value, they will not be reported. Fastener checks will also not be provided. Condition factors

are assumed to be 1.00.

TRUSS JOINT U5

Member 4
DL =-3293 kips

5 LL = -843 kips
o° ,o© © L0 L =F7", o0 5 © ° R IM = -77 kips
© o O - 2;/%\ o © o © o ©
© © =z N e o o o
© o © Z = O‘ v o © o o}
o ~ {////// — o @) o " o @] o O _ -
_. = o \ o O O _ -
= o o CF o N4 0 2 -
= o (@) o @] o oNC_ - T~
@] o o o ‘ VO © = //\\/O o
@) @) S} _ = o N
o © o © o| 2> { oN.0 o ~
O O o o o = \ o0 o © ~
Member 1 o o °3%0 ©
DL = -2838 kips T
LL =-783 kips I
IM = -76 kips g Member 3
' DL = 563 kips
' LL = 197 kips
"o IM = 19 kips
Member 2
DL =-310 kips
LL = -145 kips
IM =-10 kips
Fy = 100ksi
Fy = 110ksi Material Properties
E := 29000ksi
tg = lin Gusset Thickness
AT .2
ATCS = Eln -26in ATCS =13in
[ Lin).26i in2 Splice Plate A
ABCS = Eln -26in ABCS = 13in plice Plate Areas
_ 5 ). .2
AMCS = 2- Eln -26in AMCS = 32.5in
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Existing FHWA Guide Resistance Factors

d’y =095 ;=09
¢, = 0.80 d)vy :=0.95
bps = 0.80 &, := 0.80
A= 0.74

Load Factors

System Factor
bg:=0.90

Proposed MBE Resistance

Factors

¢bs_new = 1.00 d’c_new = 0.95
¢vg = 1.00 g = 0.85
Qpew = 0.88

assumes it's a bolted truss, proposed as mandatory for LRFR under proposed MBE Article

6A.6.12.6. The system factor will not be used in calculations using the existing FHWA Guidance.

Member Forces For One Gusset Plate

2838 783 + 76

P].DL = _klp P].LL =
2 2

310 145 + 10

PopL = —~kip PoLL=—"—
2 2

563 197 + 19

PapL = ——kip PaLL=———
2 2

3293 843 + 77

PapL = ——Kkip PaLL=—>—

kip

kip

kip

kip

Compression

Compression

Tension

Compression
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MEMBERS 1 and 4

-

3 7.1in + 7.1in + 7.1lin

avg -~

mid = 7.1in

w
~+
ﬁ|@
N

Ag = B2.7intg

Ay = 55.0in-tg

Calculate LRFR rating factors using existing FHWA Guidance method

K:=12

MV

Calculate the compression capacity of the primary gusset plate

2
K-L
o (ﬂJ
rs"Tf

)

Cy = g (O.GGX-Fy-Asl) if X\ <225
M otherwise

Cy = Op (0.66>‘-Fy-AS4) if X\ <225
M otherwise

Calculate the rating factors for Member 1

RFEHWAINY =

C1-vpLPipL

3.2
YL PaLe

1.75

REEHWAOpr = RFFHWAINV T 52

RFEHWAQpr = 4-15
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Cq = 4179.58-kip

Cy = 4361.99-kip



Calculate the rating factors for Member 4

Cs—-1p; P
RF .4 'DL74DL o0
YL PaLL
175
RF — RF L2
WA RV FHWAInv 135

RFFHWAQpr = 371

Calculate the proposed LRFR rating factors. In this case both members 1 and 4 are considered part ¢
the chord splice check.

© o0 o, 00 o0 oo o} ?
o o0 o0l 00 o o0 o o "
‘ )
© 00 0000 o0 o ?—qo
0 00 ,; 0000 o0 o
Efgfééf%jzj’:i:jijffi == = — = Centorid of Force -_p—— ;
””” - - - - N — — — a0 = =T T= ===
I -
o 0 0 o ® 0 0 0 0 0 0 0 0 o o
' N\
© © © /O ! © O\ © © O o O o O (@] Centroid of Area 4
o /ol o on }
©° /T © 0 0 0 0 o0 o0 o0
O 0O 0O/ 0 0O O O\0o
_ ,,,,;,::r:ii::\:\‘?‘Oioigioio
P

Start by calculating the DL/LL ratio for this limit state to account for further reduction according to
MBE Article 6A.6.12.6. Look at loads on both sides of the splice and use the worst case.

left side

Fleft = VoL (P1DL + P2pLsin(18.5deg)) + ~ | -(Pyp | + Ppp | Sin(18.5deg)) = 2629.89-kir
right side

Fright = VDL (PaDL — P3pL-C0S(51.7deq)) + i (Pap | — P3| -cos(51.7deg)) = 2527.9-ki

since the loads are very similar, calulate the DL/LL reduction for each set of loads to consider the
worst case loading

(P1pL * Poprsin(18.5deg)) (P4pL — P3pL-cos(51.7deg))

(PiLL + PaLL SiN(185deg)) (PaLL — PaLL Cos(51.7deg))

3.23-1 3.75 -1
RDL_LLleft=1- 01'(7) =03 Rpp piright=1- M(T) = 0.95
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The loads on the right side would be more sever, so base the chord splice
capacity on the of the right side of the connection

The other cross-sectional properties of the combined section were determined using a CAD
program.

A, = 184.8in2 is the gross area of all gusset and splice plates.

g
ey = 9.10in is the eccentricity between the force resultant and
the centroid of the combined plate area.
'g = 58049in4 is the moment of inertia of the gross spliced

section.

Since the centroid of the force is above the centroid of the cross-section, the maximum
axial+bending stress will be at the top of the plate. Now calculate the section modulus to the
top of the cross-section

|
S, = — S, = 3172.08-in°
9 18.3in 9

Determine if the chord splice is compact

=05 = 7.1in =123

K
MV

K. I-splice"/ﬁ
t

g

Lsplice :

Since KL/r of the free plate between chords is less than 25, Fcr equals Fy

Calculate the capacity of the section assuming it occurs at first yield using beam bending theory

Sg'Ag

C = -Fep = 10265.65-ki
LRFR = ®cs Cr(Sg+ep-Ag} P

Calculate the rating factor

dsRDL_L Lright CLRFR ~ 2¥DL (P4pL — PapL-cos(51.7deg))
291 (PaLL — Papt-cos(51.7deg))

RF| RFRinv =

** dead and live loads were doubled because ealier in the
sheet they were halved so resistance checks could be made
per gusset plate, which doesn't apply to the chord splice **

[RFLRFRinv = 367 |

1.75
RFLRFRopr = RFLRFRinv' ] 32

RFLRFRopr = 476 |
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Calculate the proposed LFR rating factors

only the capacity calculation changes because the resistance factor is 1.00. Still calculate the
splice capacity for each side

CLRER

CS

the minimum rating factor using left and right loads will controll the rating

CLFR ~ 2¥pL_LFR'(PapL — P3pL cos(51.7deg))
27LL_LFR(PaLL — PaL cos(51.7deg))

RF| FRiny =

|RFLFRinv =484 |

2.17
RFLFRopr = RFLFRInv' 35

[RFLFRopr = 807 |

Summarize Rating Factors Using the Three Methods for the Chord Splice

Inventory Operating
Existing FHWA Method not applicable not applicable
Proposed LRFR Method RF RFERiny = 3-67 RFLRFROpr =4.76
Proposed LFR Method RF|FRiny = 484 RFLFRopr =8.07
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MEMBER 2

Compression Member

_ (45+ 92+ 135)in
M/ahl@\'_ 3

Calculate LRFR rating factors using existing FHWA Guidance method
Calculate the compression capacity of one gusset plate

K:=12

AAASS

2
K-L F

A= [—anJ (—yj =05
rg' T E

X . .
L= d¢ (0.66 'Fy'As) if X<225 =1925.92-kip

0.88-F,-A
S .
y otherwise
C-1p P
REchiain —— 5 = 1277
YL ParL

175
RErraopn = REFHWAINV 7 52

RFEHWAopr = 1656
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Calculate the proposed LRFR rating factors (minimum of Whitmore buckling and partial plane shear)

Calculate the DL/LL ratio for this limit state to account for further reduction according to MBE
Article 6A.6.12.6

PopL
PaLL

2

2-1

calculate the factored Whitmore buckling strength.

3.29-E .
Pe = ————Ag = 29646.54-kip

2
(Lmid]
e

Po = Fy-Ag = 2630-kip

Pe Pe
0.658 ~-P, | if — >0.44 = 2359.28-kip

Whit := ®¢_new RDL_LL 0 P
0

0.877-Pg otherwise

calculate the partial plane shear yield check

Qnew(0.58-Fy)-(26.7in)ty-Rpy (|
cos(70.1deg)

= 3923.6-kip

PS = d)vg-

the buckling strength will be controleld by the minimum of the Whitmore buckling strength and
partial plane shear yield criteria

C := min(Whit, PS) = 2359.28-kip
MWV

$sC = pL-PopL
RE L RERIIW= > - 1423
YL PaLL
1.75
RELRrFRepr = RFLRFRinV 3

RFLRFRopr = 1844
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Calculate the proposed LFR rating factors (minimum of Whitmore buckling and partial plane shear)

calculate the factored Whitmore buckling strength

K:=05
MWV
2
F K-L i
_ y mid B .
A'»:/GW_ Fy- 1- . ( . J = 97.78-ksi
4.7 E S
712~E .
—————— otherwise
K-Lmig
I's

Whit := 0.85-A¢F, = 2185.92-kip

MV

calculate the partial plane shear yield check

Qnew(0-58-Fy)-(26.7in) t
cos(70.1deg)

P = g

MW

= 4003.67-kip

the buckling strength will be controleld by the minimum of the Whitmore buckling strength and
partial plane shear yield criteria

CirR,= Min(Whit, PS) = 2185.92 kip

~ CLFR~ YDL_LFR*P2DL
RE L FRime=

=118

YLL LFRP2LL

2.17
REkrapr = RFLFRInV = 3

RFLFRopr = 197

Summarize Rating Factors Using the Three Methods for Member 2

Existing FHWA Method

Proposed LRFR Method

Proposed LFR Method

Inventory

RFEHWAINY = 1277

RF| RFRiny = 14.23

RFLFRiny = 118
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RFEHWAopr = 16:56
RFLRFRopr = 1844

RFLFRopr = 197



MEMBER 3

Tension member - Need to check gross/net section checks on Whitmore section, and
block shear

define the gross and net section areas on Whitmore section

. .2
NAV\@V.: 40.2|n-tg =40.2in

A, :=140.2in- 2|1+ 1 inf-ty = 37.95in2
n 8 g

define the gross and net sections for block shear check

. .2
Atg = 3|n-tg =3in

. 2
Ayg = (2:26.3in) tg = 52.6in
2

1). 3. .2
Atn = Atg - 1-(1 + E)m-tg + Em-tg = 2.621In

1), 2
Aun = Ayg - 17-(1 + Ejm-tg = 33.47in

Calculate LRFR rating factors using existing FHWA Guidance method

calculate yield on gross and fracture on net for the Whitmore plane

Py = dy-Fy-Ag = 3819-kip

Phi= oy FuAn= 3339.6-Kkip
calculate block shear resistance

Pps = |[ Pbs (058 Fy-Ayg + FyAp)] if Apy 2 058:Ay, = 1948.56-kip

[¢bs~(0.58~Fu-Avn + Fy-Atg)] otherwise

the capacity is based on the minimum of block shear, yield on Whitmore, and fracture on
Whitmore

CrHwA = Min(Py., P, Ppg) = 1948.56-kip
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C - vpi P
RE s FHWA ~ VDL 3DL:8_45
YL PaLL
1.75
RF = RF o —
WA FHWAInv 135

RFEHWAGpr = 1095

Calculate the proposed LRFR rating factors

Calculate the DL/LL ratio for this limit state to account for further reduction according to MBE
Article 6A.6.12.6.

P
3L L6
PaLL
2611
R lbibe= 1 - o.x(Tj - 097

calculate yield on gross for the Whitmore plane

/Es)w\:: q)y'Fy'Ag'RDL_LL = 3696-Kkip

Pai= 0y FyAyRp | = 3232.06-kip
calculate the block shear resistance
Phs = ¢bs_new~(0.58~Fu-Avn + Fu-Am)-RDL_LL if FyrAyn <FyAyg = 2346.39-kip
Pps_new(0-58-Fy-Ayg + Fy-A)-Rp L otherwise

the resistance is the minimum of the Whitmore yield on gross, Whitmore fracture on net, and
block shear

SLRER,= Min(Py.Pp.Pyg) = 2346.39-kip

~ &sCLRFR ~ DL P3DL
RE L RERIIW=

=931

YL P3LL

1.75
RELRrFRepr = RFLRFRinV 3

RFLRFRopr = 1207

Calculate the proposed LFR rating factors

calculate yield on effective Whitmore plane
B:=0.15

. 2
Ao= |An+ BAy if Ay+ B-Ag <Ay =402in

e 9

Ag otherwise
AE%: Fy-Ae = 4020-kip
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calculate block shear resistance

Ppsi= [[0-85:(058:FyAyg + Fy-Ap)] if Ay > 058:A,, = 2070.35-kip
[0.85:(0.58-F-Ay + Fy-Ayg]| otherwise

the capacity is the minimum of the yield on effective Whitmore area or block shear

CLER, = min(Py,Pbs) = 2070.35-kip

~ CLFR ~ YDL_LFR'P3DL
RELERiIw = 5 =727
YLL_LFRT3LL
2.17
REakrapr = RELFRInV = 3
RFLFRopr =12.14
Summarize Rating Factors Using the Three Methods for Member 3
Inventory Operating
Existing FHWA Method RFEHWAINY = 845 RFFHWAopr =10.95
Proposed LRFR Method RF| RFRiny = 9-31 RFLRFRopr = 12.07
Proposed LFR Method RF FRiny = 727 RFLFRopr =12.14
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Horizontal Plane Shear

PonpL = Popy -cos(71.6deg) = 49-kip

PopLL = Pop-cos(71.6deg) = 24-kip

P3npL = P3p -cos(53.0deg) = 169-kip

PaqLL = P3p-cos(53.0deg) = 65-kip

PHDL = P2HDL *+ P3HpL = 218-kip

PHLL = PoHLL + PaHLL = 89-kip

Calculate LRFR rating factors using existing FHWA Guidance method
Gross Yielding
Viy = ¢Vy.(o.58.Fy).78.o|n.tg.Q = 3180-kip
Shear Fracture
1| .
Viu = ¢Vu~(0.58-Fu)~[78.0 - 19-(1 + Eﬂmtg = 2890-kip
The capacity is the minimum resistance between shear yielding and fracture

kW= MiN(Vyy, V) = 2890.14-kip

C = P
FHWA ~ YDL'"HDL
RFH NRAIRYA=

= 16.72

YLLPHLL

1.75
RF = RF oy ——
WMDY FHWAIinv 135

RFEHWAopr = 2167
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Calculate the proposed LRFR rating factors

Calculate the DL/LL ratio for this limit state to account for further reduction according to MBE
Article 6A.6.12.6.

P
_HBL L
PHLL
244 -1
ROlbib= 1 - 0.1-(7) - 097

Gross Yielding

Vo= Gyg(0-58-Fy ) 78.0intg- Qe -Rpy || = 3866-kip
Shear Fracture
1| .
Vo= ¢Vu~(0.58~Fu)~[78.0 - 19-(1 + EﬂmthDL_LL = 2807-kip
The capacity is the minimum resistance between shear yielding and fracture

SLRER:= MiN(Vyy, V) = 2806.9-kip

~ $sCLRFR ~ "DLPHDL
RE WRERiw= > — 1439
L PHLL
175
REarrrepr™ RFLRFRinV 3

Calculate the proposed LFR rating factors
Gross Yielding

0.58-F. )'78.0in~t = 3981-kip

Nay,= (058Fy g Cnew

Shear Fracture

1], :
Vo= 0.85(0.58-Fu)-[78.0 - 19.(1 + Eﬂm.tg = 3071-kip

The capacity is the minimum resistance between shear yielding and fracture

SLRR = min(Vny,Vnu)

~ CLFR ~ YDL_LFR'PHDL
RE L FRinw= - ~ 1436
ALL_LFRPHLL
2.17
Rbkrapr = RFLFRInV 35

RFLFRopr = 2396

K-52



Summarize Rating Factors Using the Three Methods for Horizontal Shear

Inventory Operating
Existing FHWA Method RFEQWAINY = 16.72 RFFHWAopr = 21.67
Proposed LRFR Method RF RFRiny = 1439 RFLRFRopr = 18.66
Proposed LFR Method RF| FRiny = 14.36 RFLFRopr = 23.96

Vertical Plane Stress Check
unnesseccary as plate cannot mobilize through chord splice
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