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* - Design the railing "Leaning Plate" for AASHTO Pedestrian loads.  Look @ cantilever of plate
and spanning between supports.  LRFD Design.

 Cantilever
(Look at Interpretive Panel, will control)

L 11.375in
3

2
in 9.875 in E 29000ksi

wbronze 554
lbf

ft
3

 (AISC 13th Edition) α 10deg

b 1ft tbronzeplate
3

16
in

Pbronzeplate wbronze L b tbronzeplate wbronze b tbronzeplate 0.75in tbronzeplate  7.529 10
3

 kip

wL 0.050klf pL 0.20kip (AASHTO 13.8.2)

PL wL b pL 0.25 kip

wsteel 490
lbf

ft
3

 tsteelplate 0.25in Lsteelplate L tbronzeplate 0.5in 9.188 in

Fy 36ksi (A36 Steel) 

Psteelplate wsteel Lsteelplate b tsteelplate 7.816 10
3

 kip

Mu 1.25
Lsteelplate cos α( )

2
Psteelplate 1.25

L cos α( )

2
Pbronzeplate 1.75L cos α( ) PL 4.345 kip in

Checkyielding "OK, Mn=Mp=Fy*Z"
L tsteelplate

b
2

0.08 E

Fy
if

"Lateral Torsional Buckling Controls" otherwise

"OK, Mn=Mp=Fy*Z"

(AASHTO 6.12.2.2.7) 

Zsteelplate

b tsteelplate
2



4
0.188 in

3


ϕf 1.00 (AASHTO 6.5.4.2) 

Ssteelplate

b tsteelplate
2



6
0.125 in

3


My Fy Ssteelplate 4.5 kip in

ϕMn min ϕf Fy Zsteelplate ϕf 1.6 My  6.75 kip in (AASHTO 6.12.2.2.7-1) 

CheckM "O.K." ϕMn Muif

"No Good" otherwise

"O.K."
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 Weld @ support plate to "Post"

ϕe2 0.80 (AASHTO 6.5.4.2) 

Fexx 60ksi (AISC J2.6) 

Rr 0.6 ϕe2 Fexx 28.8 ksi (AASHTO 6.13.3.2.4b-1) 

Fillet
3

16
in te Fillet sin 45deg( ) 0.133 in Length 3in

Areaweld te Length 2 0.795 in
2



Iweld
1

12
te Length

3
 2 0.597 in

4
 yweld

Length

2
1.5 in

σb

1.25
Lsteelplate cos α( )

2
Psteelplate 1.25

L cos α( )

2
Pbronzeplate 1.75L cos α( ) wL 3 ft pL 









yweld

Iweld
15.202 ksi

(Stress for 3' span) 

Vu 1.75 wL 3 ft pL  0.612 kip σv

Vu

Areaweld
0.77 ksi

σT σb
2

σv
2

 15.221 ksi

CheckWeld "O.K." σT Rrif

"NO GOOD" otherwise

"O.K." NOTE: Use 1/4" fillet weld per
AASHTO  6.13.3.4-1

 Span
(Longitudinal) (Look at Leaning Plate, will control)

span 3ft

bbronzeplate 10in bsteelplate bbronzeplate 2 tbronzeplate 0.5in  8.625 in

wd wbronze bbronzeplate tbronzeplate wbronze tbronzeplate 0.75in tbronzeplate  2

wsteel bsteelplate tsteelplate

 0.015 klf

Mu 1.25
wd span

2


8
1.75

wL span
2



8
 1.75

pL span

4
 4.59 kip in

Checkyielding "OK, Mn=Mp=Fy*Z"
span tsteelplate

bsteelplate
2

0.08 E

Fy
if

"Lateral Torsional Buckling Controls" otherwise

"OK, Mn=Mp=Fy*Z"

(AASHTO 6.12.2.2.7) 

Zplate

bsteelplate tsteelplate
2



4
0.135 in

3

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Splate

bsteelplate tsteelplate
2



6
0.09 in

3


My Fy Splate 3.234 kip in

ϕMn min ϕf Fy Zplate ϕf 1.6 My  4.852 kip in (AASHTO 6.12.2.2.7-1) 

CheckM "O.K." ϕMn Muif

"NO GOOD" otherwise

"O.K."

 Intermediate Post
(Check at Interpretive Panel)

twchannel 0.184in

Lpost 36in twchannel 0.25in 35.566 in tpost 1.25in bpost 3in

wchannel 5.4
lbf

ft
 E 29000ksi

bbronzeplate 18in bsteelplate bbronzeplate 2 tbronzeplate 0.5in  16.625 in

Pd wbronze bbronzeplate tbronzeplate span

wbronze tbronzeplate 0.75in tbronzeplate  2 span



wsteel bsteelplate tsteelplate span wchannel span wsteel 1.25 in 2in
3

16
in





 3 in



0.102 kip

PL pL wL span 0.35 kip

Pu 1.25 Pd 1.75 PL 0.74 kip

ϕc 0.90 (AASHTO 6.5.4.2) 

Kx 1.2 Ky 2.1 (Bending about respective axis) 

rx

tpost

12
0.361 in ry

bpost

12
0.866 in

Kx Lpost

rx
118.276

Ky Lpost

ry
86.243

Check6.9.3.x "Meets AASHTO 6.9.3"
Kx Lpost

rx
120if

"Does NOT meet AASHTO 6.9.3!!" otherwise

"Meets AASHTO 6.9.3"
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Check6.9.3.y "Meets AASHTO 6.9.3"
Ky Lpost

ry
120if

"Does NOT meet AASHTO 6.9.3!!" otherwise

"Meets AASHTO 6.9.3"

Pex
π

2
E

Kx Lpost

rx









2
bpost tpost 76.725 kip

(AASHTO 6.9.4.1.2-1) 

Pey
π

2
E

Ky Lpost

ry









2
bpost tpost 144.305 kip

Po Fy tpost bpost 135 kip

Pnx 0.658

Po

Pex





 Po

Pex

Po
0.44if

0.877 Pex otherwise

64.639 kip

(AASHTO 6.9.4.1.1-1) 

Pny 0.658

Po

Pey





 Po

Pey

Po
0.44if

0.877 Pey otherwise

91.26 kip

Pr ϕc min Pnx Pny  58.175 kip

CheckP "O.K." Pr Puif

"NO GOOD" otherwise

"O.K."

Check Combined Bending and Axial of Intermediate Post
(Assume a cantilever)

Mux 0kip in (AASHTO 6.12.2.2.7) 

Checkyieldingx "OK, Mn=Mp=Fy*Z"
Lpost tpost

bpost
2

0.08 E

Fy
if

"Lateral Torsional Buckling Controls" otherwise

"OK, Mn=Mp=Fy*Z"

Zpostx

bpost tpost
2



4
1.172 in

3

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Mpx ϕf Fy Zpostx 42.187 kip in

Spostx

bpost tpost
2



6
0.781 in

3


Myx Fy Spostx 28.125 kip in

Mrx min Mpx ϕf 1.6 Myx  42.187 kip in (AASHTO 6.12.2.2.7-1) 

Hrail 42in

Muy 1.75 Hrail span wL pL  25.725 kip in

Checkyieldingy "OK, Mn=Fy*Z"
Lpost bpost

tpost
2

0.08 E

Fy
if

"Lateral Torsional Buckling Controls" otherwise

"Lateral Torsional Buckling Controls"

Mmid
1

2
Lpost 1.75 span wL pL  10.892 kip in

M1 0kip in

Cby 1.0
Mmid

Muy
1if

1.75 1.05
M1

Muy









 0.3
M1

Muy









2

 otherwise

1.75 (AASHTO A6.3.3-7) 

Sposty

tpost bpost
2



6
1.875 in

3


Myy Fy Sposty 67.5 kip in

Fcry

1.9 E Cby

Lpost bpost

tpost
2











1.412 10
3

 ksi

Mny Cby 1.52 0.274
Lpost bpost

tpost
2












Fy

E




















 Myy
0.08 E

Fy

Lpost bpost

tpost
2


1.9 E

Fy
if

Fcry Sposty otherwise

176.806 kip in

Zposty

tpost bpost
2



4
2.812 in

3

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Mry min Mny ϕf Fy Zposty  101.25 kip in

Pu

Pr
0.013

Combined
Pu

2 Pr

Mux

Mrx

Muy

Mry











Pu

Pr
0.2if

Pu

Pr

8

9

Mux

Mrx

Muy

Mry










 otherwise

0.26 (AASHTO 6.9.2.2) 

CheckCombined "O.K." Combined 1.0if

"NO GOOD" otherwise

"O.K."

 Weld @ base of Post to base plate
(Check bending in post as a cantilever)

ϕe2 0.80 (AASHTO 6.5.4.2) 

Fexx 60ksi (AISC J2.6) 

Rr 0.6 ϕe2 Fexx 28.8 ksi (AASHTO 6.13.3.2.4b-1) 

Fillet
1

2
in te Fillet sin 45deg( ) 0.354 in Length bpost 3 in

Areaweld te Length 2 2.121 in
2



Iweld
1

12
te Length

3
 2 1.591 in

4
 yweld

Length

2
1.5 in

σb

Muy yweld

Iweld
24.254 ksi

Vu 1.75 wL span pL  0.612 kip σv

Vu

Areaweld
0.289 ksi

σT σb
2

σv
2

 24.255 ksi

CheckWeld "O.K." σT Rrif

"NO GOOD" otherwise

"O.K."

 End Post
(Check bending in post as a cantilever)

Pcable 0.60kip tendpost 1.25in bendpost 3in separation 3in

i 0 11 arm
i

i 3
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Meachcable Pcable arm in

0

0
1

2

3

4

5

6

7

8

9

10

11

0
1.8

3.6

5.4

7.2

9

10.8

12.6

14.4

16.2

18

19.8

kip in

Mu Meachcable 1.25 148.5 kip in

Zendpost

bendpost

4
separation 2 tendpost 2 separation

2




 15.937 in

3


ϕMn ϕf Fy Zendpost 573.75 kip in

CheckM "O.k." ϕMn Muif

"No Good" otherwise

"O.k."

Check Combined Bending and Axial of End Post
(Assume a cantilever)

Muxend Mu 148.5 kip in (AASHTO 6.12.2.2.7) 

Checkyieldingx "OK, Mn=Mp=Fy*Z"
Lpost tendpost

bendpost
2

0.08 E

Fy
if

"Lateral Torsional Buckling Controls" otherwise

"OK, Mn=Mp=Fy*Z"

Zendpostx Zendpost 15.937 in
3



Mpxend ϕf Fy Zendpostx 573.75 kip in

Sendpostx bendpost

2 tendpost separation 3 separation
3







6 2 tendpost separation 
 12.67 in

3


Myxend Fy Sendpostx 456.136 kip in

Mrxend min Mpxend ϕf 1.6 Myxend  573.75 kip in (AASHTO 6.12.2.2.7-1) 
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Muyend 1.75 Hrail
1

2
span wL pL





 20.213 kip in

Checkyieldingy "OK, Mn=Fy*Z"
Lpost bendpost

tendpost
2

0.08 E

Fy
if

"Lateral Torsional Buckling Controls" otherwise

"Lateral Torsional Buckling Controls"

Mmidend
1

2
Hrail 1.75

1

2
span wL pL





 10.106 kip in M1 0kip in

Cby 1.0
Mmidend

Muyend
1if

1.75 1.05
M1

Muyend









 0.3
M1

Muyend









2

 otherwise

1.75

(AASHTO A6.3.3-7) 

Sendposty

tendpost bendpost
2



6
2 3.75 in

3


Myyend Fy Sendposty 135 kip in

Fcryend

1.9 E Cby

Lpost bendpost

tendpost
2











1.412 10
3

 ksi

Mnyend Cby 1.52 0.274
Lpost bendpost

tendpost
2












Fy

E




















 Myyend
0.08 E

Fy

Lpost bendpost

tendpost
2


1.9 E

Fy
if

Fcryend Sendposty otherwise

353.613 kip in

Zendposty

tendpost bendpost
2



4
2 5.625 in

3


Mryend min Mnyend ϕf Fy Zendposty  202.5 kip in

Pdend wbronze bbronzeplate tbronzeplate
1

2
 span

wbronze tbronzeplate 0.75in tbronzeplate  2
1

2
 span



wsteel bsteelplate tsteelplate
1

2
 span wchannel

1

2
 span wsteel 0.625 in 2in

3

16
in





 3 in



0.051 kip

PLend pL wL
1

2
 span 0.275 kip
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Puend 1.25 Pdend 1.75 PLend 0.545 kip

ϕc 0.90 (AASHTO 6.5.4.2) 

Kxend 1.2 (Bending about respective axis) Kyend 2.1

rxend

2 tendpost separation 3 separation
3



12 2 tendpost separation  separation 
2.155 in ryend

bendpost

12
0.866 in

Kxend Lpost

rxend
19.801

Kyend Lpost

ryend
86.243

KLrmx

Kxend Lpost

rxend









2

0.82
αx

2

1 αx
2




a

rix









2

= (AASHTO 6.9.4.3.1-1) 

α
hx

2 rix
= hx tendpost separation 4.25 in rix

tendpost

12
0.361 in

αx

hx

2 rix
5.889 a arm

1
in 3 in

KLrmx

Kxend Lpost

rxend









2

0.82
αx

2

1 αx
2




a

rix









2

 21.146

riy

bendpost

12
0.866 in hy 0in αy

hy

2 riy
0

KLrmy

Kyend Lpost

ryend









2

0.82
αy

2

1 αy
2




a

riy









2

 86.243

Check6.9.3.x "Meets AASHTO 6.9.3" KLrmx 120if

"Does NOT meet AASHTO 6.9.3!!" otherwise

"Meets AASHTO 6.9.3"

Check6.9.3.y "Meets AASHTO 6.9.3" KLrmy 120if

"Does NOT meet AASHTO 6.9.3!!" otherwise

"Meets AASHTO 6.9.3"

Pexend
π

2
E

KLrmx 2
bendpost tendpost 2 4.801 10

3
 kip

(AASHTO 6.9.4.1.2-1) 

Peyend
π

2
E

KLrmy 2
bendpost tendpost 2 288.61 kip
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Poend Fy tendpost bendpost 2 270 kip

Pnxend 0.658

Poend

Pexend





 Poend

Pexend

Poend
0.44if

0.877 Pexend otherwise

263.718 kip

(AASHTO 6.9.4.1.1-1) 

Pnyend 0.658

Poend

Peyend





 Poend

Peyend

Poend
0.44if

0.877 Peyend otherwise

182.52 kip

Prend ϕc min Pnxend Pnyend  164.268 kip

CheckPend "O.K." Prend Puendif

"NO GOOD" otherwise

"O.K."

Puend

Prend
3.319 10

3


Combined
Puend

2 Prend

Muxend

Mrxend

Muyend

Mryend











Puend

Prend
0.2if

Puend

Prend

8

9

Muxend

Mrxend

Muyend

Mryend










 otherwise

0.36 (AASHTO 6.9.2.2) 

CheckCombined "O.K." Combined 1.0if

"NO GOOD" otherwise

"O.K."

 End Post
(Check shear flow for design of weld)

q
V Q

I
=

V 11 Pcable 6.6 kip

A' tendpost bendpost 3.75 in
2

 y'
1

2
tendpost

1

2
separation 2.125 in

Q A' y' 7.969 in
3



I bendpost

2 tendpost separation 3 separation
3







12
 34.844 in

4

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q
V Q

I
1.509

kip

in


H arm
1

in
1

2
arm

1
 in 4.5 in

Vweld q H 6.792 kip

ϕe2 0.80 (AASHTO 6.5.4.2) 

Fexx 60ksi (AISC J2.6) 

Fillet
3

16
in te Fillet sin 45deg( ) 0.133 in Length 1.5in

Areaweld te Length 2 0.398 in
2



Rr 0.6 ϕe2 Fexx Areaweld 11.455 kip (AASHTO 6.13.3.2.4b-1) 

Vu 1.25 Vweld 8.49 kip

CheckWeld "O.K." Vu Rrif

"NO GOOD" otherwise

"O.K." NOTE: Use 1/4" fillet weld per
AASHTO  6.13.3.4-1

 Weld @ base of Endpost to base plate
(Check bending in post as a cantilever)

ϕe2 0.80 (AASHTO 6.5.4.2) 

Fexx 60ksi (AISC J2.6) 

Rr 0.6 ϕe2 Fexx 28.8 ksi (AASHTO 6.13.3.2.4b-1) 

Fillet
3

8
in te Fillet sin 45deg( ) 0.265 in y1 0.5 separation 0.5 te 1.367 in

y2 0.5 separation tendpost 0.5 te 2.883 in y3 0.5 separation tendpost  2.125 in

Areaweld 4te bendpost tendpost  4.508 in
2



Iweldx te bendpost 2 y1
2

y2
2





 4 te tendpost y3

2
 22.182 in

4


Iweldy
4

12
te bendpost

3
 4 te tendpost

bendpost

2

te

2










2

 5.92 in
4



Mux Muxend 148.5 kip in Muy Muyend 20.213 kip in

Vux 1.25 V 8.25 kip σvx

Vux

Areaweld
1.83 ksi
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Vuy 1.75 wL
1

2
 span pL





 0.481 kip σvy

Vuy

Areaweld
0.107 ksi

σVT σvx
2

σvy
2

 1.833 ksi

σtx

Mux y2

Iweldx
19.298 ksi σty

Muy bendpost 0.5

Iweldy
5.121 ksi

σTT σtx σty 24.419 ksi

σT σVT
2

σTT
2

 24.488 ksi

CheckWeld "O.K." σT Rrif

"NO GOOD" otherwise

"O.K."

 End Post
(Check connecting plate of built-up end post)

K 0.65 a 3 in ri

tendpost

12
0.361 in

Karix
K a

ri
5.404

Check "OK, meets AASHTO 6.9.4.3" Karix 0.75 max KLrmx KLrmy if

"Adjust Spacing" otherwise

"OK, meets AASHTO 6.9.4.3"

Check "OK, meets AISC E6.2" a min 12in 0.75
E

Fy
 tendpost









if

"Adjust Spacing" otherwise

"OK, meets AISC E6.2"

Spacert 0.5in

Check "OK, meets AISC E6.2" Spacert
1

50
aif

"Make spacer plate thicker" otherwise

"OK, meets AISC E6.2"

Cv 1.0
Vnspacer 0.6 Fy Spacert Length Cv

Check "OK, meets AISC E6.2" Vnspacer 0.02 Prendif

"Make spacer plate thicker" otherwise

"OK, meets AISC E6.2"

 Anchor Bolts
(Check endpost and use for intermediate also)

Fu 58ksi ASTM A307 Grade C (AASHTO 6.4.3.1) 
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Dia
3

4
in Aanchor

π

4
Dia

2
 0.442 in

2


Rn 0.48 Aanchor Fu Ns= (AASHTO 6.13.2.12-1) 

Ns 1 ϕs 0.75 (AASHTO 6.5.4.2) 

ϕRn ϕs 0.48 Aanchor Fu Ns 4 36.898 kip (4 anchors per plate) 

Vu Vux 8.25 kip

CheckV "OK" ϕRn Vuif

"NO GOOD" otherwise

"OK"

ϕt 0.80 (AASHTO 6.5.4.2) 

wplate 8in Edge 1.25in

Sanchor wplate 2 Edge 5.5 in (Both directions) 

Tu

Muxend Muyend

Sanchor

1

2
 15.338 kip (2 anchors) 

ϕTn ϕt 0.76 Aanchor Fu
Vu 0.25

ϕRn

ϕs

0.33if

ϕt 0.76 Aanchor Fu 1
Vu 0.25

ϕRn
 otherwise

15.579 kip (AASHTO 6.13.2.11)

CheckT "OK" ϕTn Tuif

"NO GOOD" otherwise

"OK"
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 Check force from cables on intermediate posts due to curvature

angle 2.62deg P Pcable tan angle( ) 0.027 kip

Meachcable P arm in

0

0
1

2

3

4

5

6

7

8

9

10

11

0
0.082

0.165

0.247

0.329

0.412

0.494

0.577

0.659

0.741

0.824

0.906

kip in

Mu Meachcable 1.25 6.795 kip in

Checkpost "OK, Moment < design moment" Mu Muyendif

"No Good, Moment > design moment" otherwise

"OK, Moment < design moment"


