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Creating Bridges As Art® 

Design Summary 

Project:  FIU Pedestrian Bridge 

Project No. :  2262.03 

Design Task: Deck End Diaphragm Design Summary 

Designer: Erika N. Hango, P.E. 

Design Summary: 

This binder contains the calculations performed for the RFC design of the deck 
end diaphragms.  The calculations were prepared in accordance with the project 
design criteria, AASHTO LRFD Bridge Design Specifications 7th Edition with 
2015 Interim Revisions, FDOT Structures Design Guidelines (January 2015), and 
AASHTO LRFD Guide Specifications for the Design of Pedestrian Bridges 2nd 
Edition (2009).  The intent of this design was to determine the required concrete 
dimensions and the reinforcement requirements for each diaphragm. 

The bridge was modeled using LARSA 4D (V7.08.05).  Bearing reactions were 
extracted from the model for the design of the Type I and Type IV diaphragms. 
Load combinations were calculated with Sum It (V3.0.0) to determine the 
governing factored loads for design.  The Strength I, III, and V and Service I and 
III limit states were investigated. 

A strut and tie model was developed for the Type I and Type IV diaphragms to 
determine the steel area required for the tension tie at the bottom of the section 
between the two bearings.  The tension tie, compressive strut, and node regions 
were designed per AASHTO LRFD 5.6.3.4, 5.6.3.3, and 5.6.3.5 respectively. 
Crack control reinforcement and shrinkage and temperature reinforcement were 
provided in accordance with AASHTO LRFD 5.6.3.6 and 5.10.8 respectively. 
The bearing replacement case was also checked, but found not to govern the 
design.  Shear friction at the interface of the diaphragm and typical deck section 
was checked per AASHTO LRFD 5.8.4.1.  A similar analysis was performed for 
the Type II diaphragm during casting (assuming section is supported by 
bearings) using construction loads.  Reinforcement is provided at the top of the 
pylon base at the CIP Type III diaphragm. 

Tendon pullout reinforcement was provided for all tendons with vertical 
deviations near the anchorages.  A limiting reinforcing steel stress of 30 ksi for 
direct tension was used for tendon pullout per FIGG Design Directive No. 26.  A 
plate model with a 3”x3” discretization was created using RISA-3D (V14.0.0) for 
each tendon size at each diaphragm.  Tension forces from these models were 
used to calculate the required tie back reinforcement at the anchor face of the 
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Creating Bridges As Art® 

 

diaphragm and the required bursting reinforcement at the exit face of the 
diaphragm.  For the tie back reinforcement, a limiting reinforcing steel stress of 
36 ksi was used per AASHTO LRFD 5.10.9.3.4b.  For the bursting reinforcement, 
a limiting reinforcing steel stress of 30 ksi was used per FIGG Design Directive 
No. 26. 
 
A transverse analysis was performed to check the stresses at the root of the 
5’-9” cantilevered wing.  The two transverse tendons at the Type IV diaphragm 
were modeled using LARSA 4D to determine the effective post-tensioning force 
just after stressing, at end of construction, and at day 10,000.  Mild 
reinforcement was provided at the bottom of the section for small tensile 
stresses (<< 30 ksi) and at the top of the section for shrinkage and temperature 
per AASHTO LRFD 5.10.8.  Stresses at the root of the cantilevered wing were 
checked in a similar manner for the Type I, II, and III diaphragms.  However, 
since there are no transverse tendons located within the diaphragm extents, an 
additional check for negative flexure was performed conservatively neglecting 
the effects of post-tensioning.  Mild reinforcement was provided at the top of 
the section per AASHTO LRFD 5.7.3.2 & 5.7.3.3.2. 
 
The diaphragm reinforcement requirements are summarized in Summary Table 1 
below. 
 

Summary Table 1 
Diaphragm Tension Tie Tendon Pullout 

(Per Tendon) 
Tie Back  
(Per Half 

Diaphragm) 

Bursting 
(Per Half 

Diaphragm) 
Type I 16-#11 12k6:  3-#5 

19k6:  5-#5 
21-#9 31-#9 

 
Type II 8-#11 12k6:  2-#5 

19k6 (D2):  3-#5 
13-#9, 10-#8, 

1-#5 
13-#9, 11-#8 

Type III N/A N/A 8-#9, 6-#8 7-#9, 6-#8 
Type IV 14-#11 6-#6 10-#9 18-#9 
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 Project

Figg Bridge Engineers, Inc. FIU - Pedestrian Bridge
 Designed  Project No.  Sheet

EDL  of
 Checked  Date

MF
Tallahassee      Denver     Philadelphia     Dallas

LOADS @ BEARINGS
PIER 1 (SOUTH END)

Bearing FX (kips) FY (kips) FZ (kips)
Left -10 1 -456
Right -10 1 -456
Left 6 0 11 20 0 50
Right 6 0 11 20 0 50
Left 2 0 -4
Right 2 0 -4
Left 12 0 43
Right 12 0 43
Left -10 1 -456
Right -10 1 -456
Left 9 0 14 29 0 5
Right 9 0 14 29 0 5
Left 9 0 -55
Right 9 0 -55
Left 11 0 46
Right 11 0 46
Left 0 0 -21
Right 0 0 -21
Left -1 0 -76
Right -1 0 -76
Left -2 0 -86
Right -2 0 -86
Left 0 0 10
Right 0 0 10
Left 0 0 -9
Right 0 0 -9
Left 0 0 -10
Right 0 0 -10
Left 0 0 1
Right 0 0 1
Left -1 0 -114
Right -1 0 38
Left -1 0 -120
Right -1 0 34
Left 0 0 6
Right 0 0 3
Left 0 19 -79
Right 0 19 79
Left 1 18 -70
Right 0 18 76
Left 2 16 -61
Right 1 16 72
Left 2 12 -43
Right 2 12 59

Creating

Bridges

as Art

2262.03

03-Oct-16

DW

LL DECK_FULL

CR+SH+PT (D10K)

CR+SH+PT (EOC)
DC_EOC

DC_D10K

CR_EOC

SH_EOC

PT_EOC

CR_D10K

WS 30 DEG

WS 45 DEG

WS O DEG

WS 15 DEG

LL OFFSET_FULL

LL OFFSET_MAIN

LL OFFSET_BACK

LL DECK_MAIN

LL DECK_BACK

LL ROOF_FULL

LL ROOF_MAIN

LL ROOF_BACK

SH_D10K

PT_D10K

Loads at Bearings_Landings_Rev_1' Chamfer at Pylon.xlsx Page 6 of 397



 Project

Figg Bridge Engineers, Inc. FIU - Pedestrian Bridge
 Designed  Project No.  Sheet

EDL  of
 Checked  Date

MF
Tallahassee      Denver     Philadelphia     Dallas

LOADS @ BEARINGS
PIER 1 (SOUTH END)

Bearing FX (kips) FY (kips) FZ (kips)

Creating

Bridges

as Art

2262.03

03-Oct-16

Left 3 7 -20
Right 2 7 41
Left 0 18 -76
Right -1 18 70
Left -1 16 -72
Right -2 16 61
Left -2 12 -60
Right -2 12 43
Left -2 7 -41
Right -3 7 20
Left 0 8 -26 1 26 -85 1 27 -87
Right 0 8 26 -1 26 85 -1 27 87
Left 0 7 -23 1 24 -75 1 25 -77
Right 0 7 25 0 24 80 0 25 82
Left 1 7 -21 2 23 -67 2 23 -68
Right 0 7 24 1 23 77 1 23 79
Left 1 5 -14 3 16 -46 3 17 -48
Right 1 5 19 2 16 61 2 17 62
Left 1 3 -7 3 9 -23 3 9 -23
Right 1 3 12 3 9 40 3 9 41
Left 0 7 -25 0 24 -80 0 25 -82
Right 0 7 23 -1 24 75 -1 25 77
Left 0 7 -24 -1 23 -77 -1 23 -79
Right -1 7 20 -2 23 67 -2 23 68
Left -1 5 -19 -2 16 -61 -2 17 -62
Right -1 5 14 -3 16 46 -3 17 48
Left -1 3 -12 -3 9 -40 -3 9 -41
Right -1 3 7 -3 9 23 -3 9 23
Left 1 19 -97
Right 0 19 151
Left -10 0 -35
Right -10 0 -35
Left 10 0 35
Right 10 0 35
Left -11 0 -69
Right -11 0 -69

Notes:
1. Loads are unfactored.

4.  (-) for axial bearing load denotes compression.

2. LL Offset load case considers pedestrian live load 

WS 60 DEG

WS -45 DEG_70 MPH

WS -60 DEG_70 MPH

WS 15 DEG_70 MPH

WS 30 DEG_70 MPH

WS 45 DEG_70 MPH

WS 60 DEG_70 MPH

WS -15 DEG_70 MPH

TU-

3. The 70 mph wind load cases apply to Service I and 

Service I (x 3.33)Strength V (x 3.25)

WS -30 DEG_70 MPH

WS -15 DEG

WS -30 DEG

WS O DEG_70 MPH

WS -45 DEG

WS -60 DEG

TU + TEMP. DIFF.

WS+WUP

TU+

Loads at Bearings_Landings_Rev_1' Chamfer at Pylon.xlsx Page 7 of 397
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FIU Pedestrian Bridge
2262.03

Superstructure Design

Designed:  ENH
Checked:  ____

4/11/2017
Page 1 of 5

End Diaphragm - Type I
Ref. AASHTO LRFD (2012) 5.6.3

 Parameters 

lb 3ft 4in+:= Length of bearing pad

db 1.410in:= Diameter of bar used for tension e

Ab 1.56in2:= Area of bar used for tension e

b 3ft 6in+:= Width of sec on

d 3ft 3.5in+:= Distance from compression face to centroid of tension e

h 4ft:= Least height of component sec on

αs 39deg:= Angle between compressive strut and tension e

Pstr 841 kip⋅:= Factored bearing reac on (Strength)

Psrv 687 kip⋅:= Factored bearing reac on (Service)

fc 8.5ksi:= Specified compressive strength of concrete

fy 60ksi:= Specified yield strength of reinforcement

Es 29000ksi:= Modulus of elas city of steel

ϕt 0.9:= Resistance factor for tension-controlled reinforced 
concrete

ϕc 0.7:= Resistance factor for compression in strut-and- e models

 Strut & Tie Model
Force in compressive strut:

Fc
Pstr

sin αs( ):= Fc 1336 kip⋅=

Force in tension e:

FT Fc cos αs( )⋅:= FT 1039 kip⋅=
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 Tension Tie (AASHTO LRFD 5.6.3.4)

Steel area required for tension e (Strength):

Asreq_str
FT
ϕt fy⋅

:= Total area of longitudinal mild
steel reinforcement required in eAsreq_str 19.23 in2⋅=

Steel area required for tension e (Service):

Asreq_srv
FT Psrv⋅

0.6 fy⋅ Pstr⋅
:= Total area of longitudinal mild

steel reinforcement required in eAsreq_srv 23.57 in2⋅=

Asprov 16 Ab⋅:= Asprov 24.96 in2⋅=

CHECK1 "OK" Asprov max Asreq_str Asreq_srv, ( )≥if

"NG" otherwise

:= CHECK1 "OK"=

Tension development length (AASHTO LRFD 5.11.2.1.1):

Ld max
1.25 Ab⋅ fy⋅

fc ksi⋅ in⋅

0.4 db⋅ fy⋅( )
ksi

, 






:= Ld 40.13 in⋅= Tension force shall  be developed at
the inner face of the nodal zone

 Compressive Strut (AASHTO LRFD 5.6.3.3)

Compressive stress in strut :

ha 10in 0.5 db⋅+ 6db+:= ha 19.16 in⋅= Height of anchorage zone 

dcs lb sin αs( )⋅ ha cos αs( )⋅+:= dcs 40.07 in⋅= Figure 5.6.3.3.2-1(b)
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Acs dcs b⋅:= Acs 1683 in2⋅= Effec ve cross-sec onal area of strut

σs
FT

Asprov
:= σs 42 ksi⋅= Stress in tension e due to factored

loads

εs
σs
Es

:= εs 0.0014= Tensile strain in direc on of tension
e due to factored loads

ε1 εs εs 0.002+( ) cot αs( )2⋅+:=
ε1 0.0067= Equa on 5.6.3.3.3-2

fcu min
fc

0.8 170 ε1⋅+
0.85 fc⋅, 









:= fcu 4.39 ksi⋅= Equa on 5.6.3.3.3-1

Pn fcu Acs⋅:= Pn 7395 kip⋅= Equa on 5.6.3.3.1-1

ϕPn ϕc Pn⋅:= ϕPn 5176 kip⋅= Factored resistance of strut

Demand / Capacity ra oϕPn
Fc

3.87=

CHECK2 "OK" ϕPn Fc≥if

"NG" otherwise

:= CHECK2 "OK"=

 Node Regions (AASHTO LRFD 5.6.3.5)

Distribu on of tension e reinforcement:

fcn 0.75 ϕc⋅ fc⋅:= fcn 4.46 ksi⋅= Limi ng concrete compressive stress
in node region anchoring a
one-direc on tension e

Acreq
FT
fcn

:= Acreq 233 in2⋅= Required effec ve area of concrete

breq
Acreq
ha

:= breq 12.14 in⋅= Required width of concrete strip in
which tension e reinforcement is
distributed

CHECK3 "OK" b breq≥if

"NG" otherwise

:= CHECK3 "OK"=
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 Crack Control Reinforcement (AASHTO LRFD 5.6.3.6)

smax min 12in
d
4

, 





:= smax 10 in⋅= Maximum spacing of crack control
reinforcement

Ver cal reinforcement:

Av 0.003 12⋅ in b⋅:= Av 1.51 in2⋅= Total area of ver cal crack control
reinforcement required per foot

Try 2-#9 bundled @ 18" max. (2 legs):

Av_prov 2 2.00⋅ in2
12in
18in







⋅:= Av_prov 2.67 in2⋅= Total area of ver cal crack control
reinforcement provided per foot

CHECK4 "OK" Av_prov Av≥if

"NG" otherwise

:= CHECK4 "OK"=

Horizontal reinforcement:

Ah 0.003 12⋅ in b⋅:= Ah 1.51 in2⋅= Total area of horizontal crack control
reinforcement required per foot

Try #8 @ 10" max. (each face):

Ah_prov 2 0.79⋅ in2
12in
10in







⋅:= Ah_prov 1.90 in2⋅= Total area of horizontal crack control
reinforcement provided per foot

CHECK5 "OK" Ah_prov Ah≥if

"NG" otherwise

:= CHECK5 "OK"=

Spacing of ver cal reinforcement exceeds maximum due to PT anchorage loca ons.  Therefore, check
es mated resistance at which diagonal cracks begin to form per 2016 Interim Revisions to AASHTO LRFD
7th Edi on (2014) Equa on C5.6.3.2-1.

a 60in:= Shear span

Vcr1 0.2 0.1
a
d







−





fc
ksi

⋅ b⋅ d⋅ ksi⋅:= Vcr1 233 kip⋅=

Vcr_max 0.158
fc
ksi

⋅ b⋅ d⋅ ksi⋅:= Vcr_max 764 kip⋅=

Vcr_min 0.0632
fc
ksi

⋅ b⋅ d⋅ ksi⋅:= Vcr_min 306 kip⋅=

Vcr max Vcr1 Vcr_min, ( ):= Vcr 306 kip⋅=

Es mated resistance at which diagonal
cracks begin to formVcr min Vcr Vcr_max, ( ):= Vcr 306 kip⋅=

Creating Bridges As Art Page 13 of 397



FIU Pedestrian Bridge
2262.03

Superstructure Design

Designed:  ENH
Checked:  ____

4/11/2017
Page 5 of 5

Vsrv Psrv 5 81⋅ kip− 51kip−:= Vsrv 231 kip⋅= Service level shear including ver cal
component of PT

CHECK6 "OK" Vsrv Vcr≤if

"NG" otherwise

:= CHECK6 "OK"=

 Shrinkage & Temperature Reinforcement (AASHTO LRFD 5.10.8)

As max
1.3b h⋅ ksi⋅ in⋅( )
2 b h+( ) fy⋅

0.11in2, 







:= Minimum area of reinforcement in each
direc on and in each face per footAs 0.24 in2⋅=

Try #5 @ 12":

As_prov 0.31in2:=

CHECK7 "OK" As_prov As≥if

"NG" otherwise

:= CHECK7 "OK"=
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 Project

Figg Bridge Engineers, Inc. FIU - Pedestrian Bridge
 Designed  Project No.  Sheet

EDL  of
 Checked  Date

MF
Tallahassee      Denver     Philadelphia     Dallas

LOADS @ BEARINGS
PIER 3 (NORTH END)

Bearing FX (kips) FY (kips) FZ (kips)
Left 1 0 -333
Right 1 0 -333
Left -4 0 16 -11 0 80
Right -4 0 16 -11 0 80
Left -1 0 -6
Right -1 0 -6
Left -6 0 70
Right -6 0 70
Left 1 0 -333
Right 1 0 -333
Left -6 0 21 -17 0 -1
Right -6 0 21 -17 0 -1
Left -5 0 -98
Right -5 0 -98
Left -5 0 75
Right -5 0 75
Left 0 0 -5
Right 0 0 -5
Left -1 0 -19
Right -1 0 -19
Left -1 0 52
Right -1 0 52
Left 0 0 -71
Right 0 0 -71
Left 0 0 0
Right 0 0 0
Left 0 0 6
Right 0 0 6
Left 0 0 -6
Right 0 0 -6
Left 0 0 -61
Right 0 0 42
Left 0 0 32
Right 0 0 20
Left 0 0 -93
Right 0 0 22
Left 0 1 -48
Right 0 1 48
Left 1 1 -50
Right 0 1 39
Left 1 1 -52
Right 1 1 29
Left 2 1 -48
Right 2 1 15

PT_D10K

CR_EOC

SH_EOC

PT_EOC

CR_D10K

SH_D10K

DC_EOC

DC_D10K

WS 15 DEG

WS 30 DEG

WS 45 DEG

WS O DEG

CR+SH+PT (EOC)

CR+SH+PT (D10K)

LL ROOF_FULL

DW

LL DECK_FULL

LL DECK_MAIN

LL DECK_BACK

LL ROOF_MAIN

LL ROOF_BACK

LL OFFSET_FULL

LL OFFSET_MAIN

LL OFFSET_BACK

03-Oct-16

2262.03

Creating

Bridges

as Art

Loads at Bearings_Landings_Rev_1' Chamfer at Pylon.xlsx Page 15 of 397



 Project

Figg Bridge Engineers, Inc. FIU - Pedestrian Bridge
 Designed  Project No.  Sheet

EDL  of
 Checked  Date

MF
Tallahassee      Denver     Philadelphia     Dallas

LOADS @ BEARINGS
PIER 3 (NORTH END)

Bearing FX (kips) FY (kips) FZ (kips)

03-Oct-16

2262.03

Creating

Bridges

as Art

Left 2 1 -39
Right 2 1 -1
Left 0 1 -38
Right -1 1 49
Left -1 1 -28
Right -1 1 51
Left -2 1 -14
Right -2 1 48
Left -2 1 1
Right -2 1 39
Left 0 0 -14 0 0 -47 0 0 -48
Right 0 0 14 0 0 47 0 0 48
Left 0 0 -15 1 0 -48 1 0 -49
Right 0 0 12 0 0 38 1 0 39
Left 1 0 -16 2 0 -51 2 0 -52
Right 0 0 9 1 0 29 1 0 29
Left 1 0 -14 3 0 -46 3 0 -47
Right 1 0 4 2 0 15 2 0 15
Left 1 0 -11 3 0 -37 3 0 -38
Right 1 0 0 3 0 -1 3 0 -1
Left 0 0 -12 0 0 -38 -1 0 -39
Right 0 0 15 -1 0 48 -1 0 49
Left 0 0 -9 -1 0 -29 -1 0 -30
Right -1 0 16 -2 0 50 -2 0 52
Left -1 0 -5 -2 0 -15 -2 0 -15
Right -1 0 14 -3 0 46 -3 0 47
Left -1 0 0 -3 0 1 -3 0 1
Right -1 0 11 -3 0 37 -3 0 38
Left 0 1 -69
Right 0 1 78
Left 6 0 -64
Right 6 0 -64
Left -6 0 64
Right -6 0 64
Left 6 0 -124
Right 6 0 -124

Notes:
1. Loads are unfactored.

4.  (-) for axial bearing load denotes compression.

TU + TEMP. DIFF.

WS -45 DEG

WS -60 DEG

WS O DEG_70 MPH

WS 15 DEG_70 MPH

WS 30 DEG_70 MPH

WS 45 DEG_70 MPH

WS 60 DEG

WS -15 DEG

TU+

TU-

WS 60 DEG_70 MPH

WS -15 DEG_70 MPH

WS -30 DEG_70 MPH

WS -45 DEG_70 MPH

WS -60 DEG_70 MPH

WS+WUP

2. LL Offset load case considers pedestrian live load 
3. The 70 mph wind load cases apply to Service I and 

Strength V (x 3.25)

WS -30 DEG

Service I (x 3.33)

Loads at Bearings_Landings_Rev_1' Chamfer at Pylon.xlsx Page 16 of 397



S
u
m
-
I
t
:
 
A
A
S
H
T
O
 
L
R
F
D
 
L
o
a
d
 
C
o
m
b
i
n
a
t
i
o
n
 
G
e
n
e
r
a
t
o
r

F
i
g
g
 
B
r
i
d
g
e
 
E
n
g
i
n
e
e
r
s
,
 
I
n
c
.

C
o
m
b
i
n
e
d
 
L
i
m
i
t
 
S
t
a
t
e
s
 
R
e
s
u
l
t
s

F
i
l
e
 
N
a
m
e
:
 
P
i
e
r
 
3
 
B
e
a
r
i
n
g
 
R
e
a
c
t
i
o
n
s
.
s
u
m

P
a
g
e
 
1
 
o
f
 
1

8
/
1
0
/
2
0
1
6

 
6
:
5
0
:
3
9
 
A
M

S
e
l
e
c
t
e
d
 
L
i
m
i
t
 
S
t
a
t
e
s

S
T
R
 
1
 
-
 
S
T
R
E
N
G
T
H
 
I

S
T
R
 
3
 
-
 
S
T
R
E
N
G
T
H
 
I
I
I

S
T
R
 
5
 
-
 
S
T
R
E
N
G
T
H
 
V

M
a
x
/
 
M
i
n
 

I
D

C
o
m
b
o
 
I
D

F
x
 
 
 
 
 

(
k
i
p
s
)

F
y
 
 
 
 
 

(
k
i
p
s
)

F
z
 
 
 
 
 

(
k
i
p
s
)

M
x
 
 
 

(
f
t
*
k
i
p
)

M
y
 
 
 

(
f
t
*
k
i
p
)

M
z
 
 
 

(
f
t
*
k
i
p
)

M
x
y
 
 

(
f
t
*
k
i
p
)

M
x
z
 
 

(
f
t
*
k
i
p
)

M
y
z
 
 

(
f
t
*
k
i
p
)

M
a
x
 
F
x

S
T
R
 
3
/
 
1
8

-
4
.
0

1
.
4

-
4
4
3
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
a
x
 
F
y

S
T
R
 
3
/
 
1

-
1
2
.
8

1
.
4

-
3
6
5
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
a
x
 
F
z

S
T
R
 
1
/
 
1
6
4

-
1
4
.
9

0
.
0

-
1
0
0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
a
x
 
M
x

S
T
R
 
1
/
 
1

-
1
4
.
5

0
.
0

-
3
4
5
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
a
x
 
M
y

S
T
R
 
1
/
 
1

-
1
4
.
5

0
.
0

-
3
4
5
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

L
o
a
d
 
N
o
.

M
a
x
 
M
z

S
T
R
 
1
/
 
1

-
1
4
.
5

0
.
0

-
3
4
5
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

1
M
a
x
 
M
x
y

S
T
R
 
1
/
 
1

-
1
4
.
5

0
.
0

-
3
4
5
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
a
x
 
M
x
z

S
T
R
 
1
/
 
1

-
1
4
.
5

0
.
0

-
3
4
5
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
e
m
b
e
r

M
a
x
 
M
y
z

S
T
R
 
1
/
 
1

-
1
4
.
5

0
.
0

-
3
4
5
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

L
e
f
t

M
i
n
 
F
x

S
T
R
 
3
/
 
1
5
3

-
2
1
.
9

1
.
4

-
2
9
5
.
8

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
i
n
 
F
y

S
T
R
 
1
/
 
1

-
1
4
.
5

0
.
0

-
3
4
5
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

J
o
i
n
t

M
i
n
 
F
z

S
T
R
 
1
/
 
5
4

-
1
2
.
8

0
.
0

-
6
4
9
.
5

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

L
e
f
t

M
i
n
 
M
x

S
T
R
 
1
/
 
1

-
1
4
.
5

0
.
0

-
3
4
5
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
i
n
 
M
y

S
T
R
 
1
/
 
1

-
1
4
.
5

0
.
0

-
3
4
5
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
i
n
 
M
z

S
T
R
 
1
/
 
1

-
1
4
.
5

0
.
0

-
3
4
5
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
i
n
 
M
x
y

S
T
R
 
1
/
 
1

-
1
4
.
5

0
.
0

-
3
4
5
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
i
n
 
M
x
z

S
T
R
 
1
/
 
1

-
1
4
.
5

0
.
0

-
3
4
5
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
i
n
 
M
y
z

S
T
R
 
1
/
 
1

-
1
4
.
5

0
.
0

-
3
4
5
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
a
x
 
F
x

S
T
R
 
3
/
 
1
8

-
4
.
0

1
.
4

-
3
5
4
.
8

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
a
x
 
F
y

S
T
R
 
3
/
 
1

-
1
4
.
2

1
.
4

-
2
4
3
.
2

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
a
x
 
F
z

S
T
R
 
3
/
 
1
9
0

-
1
3
.
1

1
.
4

-
8
1
.
8

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
a
x
 
M
x

S
T
R
 
1
/
 
1

-
1
4
.
5

0
.
0

-
3
4
5
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
a
x
 
M
y

S
T
R
 
1
/
 
1

-
1
4
.
5

0
.
0

-
3
4
5
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

L
o
a
d
 
N
o
.

M
a
x
 
M
z

S
T
R
 
1
/
 
1

-
1
4
.
5

0
.
0

-
3
4
5
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

2
M
a
x
 
M
x
y

S
T
R
 
1
/
 
1

-
1
4
.
5

0
.
0

-
3
4
5
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
a
x
 
M
x
z

S
T
R
 
1
/
 
1

-
1
4
.
5

0
.
0

-
3
4
5
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
e
m
b
e
r

M
a
x
 
M
y
z

S
T
R
 
1
/
 
1

-
1
4
.
5

0
.
0

-
3
4
5
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

R
i
g
h
t

M
i
n
 
F
x

S
T
R
 
3
/
 
1
5
3

-
2
1
.
9

1
.
4

-
2
0
9
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
i
n
 
F
y

S
T
R
 
1
/
 
1

-
1
4
.
5

0
.
0

-
3
4
5
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

J
o
i
n
t

M
i
n
 
F
z

S
T
R
 
1
/
 
4
8

-
1
2
.
8

0
.
0

-
6
1
1
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

R
i
g
h
t

M
i
n
 
M
x

S
T
R
 
1
/
 
1

-
1
4
.
5

0
.
0

-
3
4
5
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
i
n
 
M
y

S
T
R
 
1
/
 
1

-
1
4
.
5

0
.
0

-
3
4
5
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
i
n
 
M
z

S
T
R
 
1
/
 
1

-
1
4
.
5

0
.
0

-
3
4
5
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
i
n
 
M
x
y

S
T
R
 
1
/
 
1

-
1
4
.
5

0
.
0

-
3
4
5
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
i
n
 
M
x
z

S
T
R
 
1
/
 
1

-
1
4
.
5

0
.
0

-
3
4
5
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
i
n
 
M
y
z

S
T
R
 
1
/
 
1

-
1
4
.
5

0
.
0

-
3
4
5
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

C
o
m
b
i
n
e
d
 
R
e
s
u
l
t
s

Page 17 of 397



S
u
m
-
I
t
:
 
A
A
S
H
T
O
 
L
R
F
D
 
L
o
a
d
 
C
o
m
b
i
n
a
t
i
o
n
 
G
e
n
e
r
a
t
o
r

F
i
g
g
 
B
r
i
d
g
e
 
E
n
g
i
n
e
e
r
s
,
 
I
n
c
.

C
o
m
b
i
n
e
d
 
L
i
m
i
t
 
S
t
a
t
e
s
 
R
e
s
u
l
t
s

F
i
l
e
 
N
a
m
e
:
 
P
i
e
r
 
3
 
B
e
a
r
i
n
g
 
R
e
a
c
t
i
o
n
s
.
s
u
m

P
a
g
e
 
1
 
o
f
 
1

8
/
1
0
/
2
0
1
6

 
6
:
5
1
:
2
5
 
A
M

S
e
l
e
c
t
e
d
 
L
i
m
i
t
 
S
t
a
t
e
s

S
R
V
 
1
 
-
 
S
E
R
V
I
C
E
 
I

S
R
V
 
3
 
-
 
S
E
R
V
I
C
E
 
I
I
I

M
a
x
/
 
M
i
n
 

I
D

C
o
m
b
o
 
I
D

F
x
 
 
 
 
 

(
k
i
p
s
)

F
y
 
 
 
 
 

(
k
i
p
s
)

F
z
 
 
 
 
 

(
k
i
p
s
)

M
x
 
 
 

(
f
t
*
k
i
p
)

M
y
 
 
 

(
f
t
*
k
i
p
)

M
z
 
 
 

(
f
t
*
k
i
p
)

M
x
y
 
 

(
f
t
*
k
i
p
)

M
x
z
 
 

(
f
t
*
k
i
p
)

M
y
z
 
 

(
f
t
*
k
i
p
)

M
a
x
 
F
x

S
R
V
 
1
/
 
1
4
6

-
3
.
1

0
.
0

-
3
9
7
.
1

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
a
x
 
F
y

S
R
V
 
1
/
 
1

-
1
7
.
3

0
.
0

-
2
2
4
.
7

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
a
x
 
F
z

S
R
V
 
1
/
 
3
1

-
1
7
.
9

0
.
0

-
1
4
1
.
7

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
a
x
 
M
x

S
R
V
 
1
/
 
1

-
1
7
.
3

0
.
0

-
2
2
4
.
7

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
a
x
 
M
y

S
R
V
 
1
/
 
1

-
1
7
.
3

0
.
0

-
2
2
4
.
7

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

L
o
a
d
 
N
o
.

M
a
x
 
M
z

S
R
V
 
1
/
 
1

-
1
7
.
3

0
.
0

-
2
2
4
.
7

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

1
M
a
x
 
M
x
y

S
R
V
 
1
/
 
1

-
1
7
.
3

0
.
0

-
2
2
4
.
7

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
a
x
 
M
x
z

S
R
V
 
1
/
 
1

-
1
7
.
3

0
.
0

-
2
2
4
.
7

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
e
m
b
e
r

M
a
x
 
M
y
z

S
R
V
 
1
/
 
1

-
1
7
.
3

0
.
0

-
2
2
4
.
7

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

L
e
f
t

M
i
n
 
F
x

S
R
V
 
1
/
 
2
7
1

-
2
3
.
9

0
.
0

-
2
9
3
.
7

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
i
n
 
F
y

S
R
V
 
1
/
 
1

-
1
7
.
3

0
.
0

-
2
2
4
.
7

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

J
o
i
n
t

M
i
n
 
F
z

S
R
V
 
1
/
 
4
6
7

-
9
.
4

0
.
0

-
5
7
1
.
6

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

L
e
f
t

M
i
n
 
M
x

S
R
V
 
1
/
 
1

-
1
7
.
3

0
.
0

-
2
2
4
.
7

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
i
n
 
M
y

S
R
V
 
1
/
 
1

-
1
7
.
3

0
.
0

-
2
2
4
.
7

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
i
n
 
M
z

S
R
V
 
1
/
 
1

-
1
7
.
3

0
.
0

-
2
2
4
.
7

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
i
n
 
M
x
y

S
R
V
 
1
/
 
1

-
1
7
.
3

0
.
0

-
2
2
4
.
7

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
i
n
 
M
x
z

S
R
V
 
1
/
 
1

-
1
7
.
3

0
.
0

-
2
2
4
.
7

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
i
n
 
M
y
z

S
R
V
 
1
/
 
1

-
1
7
.
3

0
.
0

-
2
2
4
.
7

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
a
x
 
F
x

S
R
V
 
1
/
 
1
5
5

-
3
.
1

0
.
0

-
2
8
0
.
3

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
a
x
 
F
y

S
R
V
 
1
/
 
1

-
1
7
.
3

0
.
0

-
1
9
8
.
3

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
a
x
 
F
z

S
R
V
 
1
/
 
1
3

-
1
7
.
6

0
.
0

-
1
2
6
.
4

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
a
x
 
M
x

S
R
V
 
1
/
 
1

-
1
7
.
3

0
.
0

-
1
9
8
.
3

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
a
x
 
M
y

S
R
V
 
1
/
 
1

-
1
7
.
3

0
.
0

-
1
9
8
.
3

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

L
o
a
d
 
N
o
.

M
a
x
 
M
z

S
R
V
 
1
/
 
1

-
1
7
.
3

0
.
0

-
1
9
8
.
3

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

2
M
a
x
 
M
x
y

S
R
V
 
1
/
 
1

-
1
7
.
3

0
.
0

-
1
9
8
.
3

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
a
x
 
M
x
z

S
R
V
 
1
/
 
1

-
1
7
.
3

0
.
0

-
1
9
8
.
3

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
e
m
b
e
r

M
a
x
 
M
y
z

S
R
V
 
1
/
 
1

-
1
7
.
3

0
.
0

-
1
9
8
.
3

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

R
i
g
h
t

M
i
n
 
F
x

S
R
V
 
1
/
 
2
6
2

-
2
3
.
9

0
.
0

-
2
7
9
.
9

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
i
n
 
F
y

S
R
V
 
1
/
 
1

-
1
7
.
3

0
.
0

-
1
9
8
.
3

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

J
o
i
n
t

M
i
n
 
F
z

S
R
V
 
1
/
 
4
8
4

-
9
.
1

0
.
0

-
5
3
4
.
3

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

R
i
g
h
t

M
i
n
 
M
x

S
R
V
 
1
/
 
1

-
1
7
.
3

0
.
0

-
1
9
8
.
3

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
i
n
 
M
y

S
R
V
 
1
/
 
1

-
1
7
.
3

0
.
0

-
1
9
8
.
3

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
i
n
 
M
z

S
R
V
 
1
/
 
1

-
1
7
.
3

0
.
0

-
1
9
8
.
3

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
i
n
 
M
x
y

S
R
V
 
1
/
 
1

-
1
7
.
3

0
.
0

-
1
9
8
.
3

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
i
n
 
M
x
z

S
R
V
 
1
/
 
1

-
1
7
.
3

0
.
0

-
1
9
8
.
3

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

M
i
n
 
M
y
z

S
R
V
 
1
/
 
1

-
1
7
.
3

0
.
0

-
1
9
8
.
3

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

0
.
0

C
o
m
b
i
n
e
d
 
R
e
s
u
l
t
s

Page 18 of 397
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Page 1 of 4

 End Diaphragm - Type IV
Ref. AASHTO LRFD (2012) 5.6.3

 Parameters 

lb 3ft 4in+:= Length of bearing pad

db 1.410in:= Diameter of bar used for tension e

Ab 1.56in2:= Area of bar used for tension e

b 5ft:= Width of sec on

d 3ft 5.5in+:= Distance from compression face to centroid of tension e

h 4ft:= Least height of component sec on

αs 39deg:= Angle between compressive strut and tension e

Pstr 650 kip⋅:= Factored bearing reac on (Strength)

Psrv 572 kip⋅:= Factored bearing reac on (Service)

fc 8.5ksi:= Specified compressive strength of concrete

fy 60ksi:= Specified yield strength of reinforcement

Es 29000ksi:= Modulus of elas city of steel

ϕt 0.9:= Resistance factor for tension-controlled reinforced 
concrete

ϕc 0.7:= Resistance factor for compression in strut-and- e models

 Strut & Tie Model
Force in compressive strut:

Fc
Pstr

sin αs( ):= Fc 1033 kip⋅=

Force in tension e:

FT Fc cos αs( )⋅:= FT 803 kip⋅=
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 Tension Tie (AASHTO LRFD 5.6.3.4)

Steel area required for tension e (Strength):

Asreq_str
FT
ϕt fy⋅

:= Total area of longitudinal mild
steel reinforcement required in eAsreq_str 14.86 in2⋅=

Steel area required for tension e (Service):

Asreq_srv
FT Psrv⋅

0.6 fy⋅ Pstr⋅
:= Total area of longitudinal mild

steel reinforcement required in eAsreq_srv 19.62 in2⋅=

Asprov 14 Ab⋅:= Asprov 21.84 in2⋅=

CHECK1 "OK" Asprov max Asreq_str Asreq_srv, ( )≥if

"NG" otherwise

:= CHECK1 "OK"=

Tension development length (AASHTO LRFD 5.11.2.1.1):

Ld max
1.25 Ab⋅ fy⋅

fc ksi⋅ in⋅

0.4 db⋅ fy⋅( )
ksi

, 






:= Ld 40.13 in⋅= Tension force shall  be developed at
the inner face of the nodal zone

 Compressive Strut (AASHTO LRFD 5.6.3.3)

Compressive stress in strut :

ha 8in 0.5db+ 6db+:= ha 17.17 in⋅= Height of anchorage zone 

dcs lb sin αs( )⋅ ha cos αs( )⋅+:= dcs 38.51 in⋅= Figure 5.6.3.3.2-1(b)
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Acs dcs b⋅:= Acs 2311 in2⋅= Effec ve cross-sec onal area of strut

σs
FT

Asprov
:= σs 37 ksi⋅= Stress in tension e due to factored

loads

εs
σs
Es

:= εs 0.0013= Tensile strain in direc on of tension
e due to factored loads

ε1 εs εs 0.002+( ) cot αs( )2⋅+:=
ε1 0.0062= Equa on 5.6.3.3.3-2

fcu min
fc

0.8 170 ε1⋅+
0.85 fc⋅, 









:= fcu 4.56 ksi⋅= Equa on 5.6.3.3.3-1

Pn fcu Acs⋅:= Pn 10546 kip⋅= Equa on 5.6.3.3.1-1

ϕPn ϕc Pn⋅:= ϕPn 7382 kip⋅= Factored resistance of strut

Demand / Capacity ra oϕPn
Fc

7.15=

CHECK2 "OK" ϕPn Fc≥if

"NG" otherwise

:= CHECK2 "OK"=

 Node Regions (AASHTO LRFD 5.6.3.5)

Distribu on of tension e reinforcement:

fcn 0.75 ϕc⋅ fc⋅:= fcn 4.46 ksi⋅= Limi ng concrete compressive stress
in node region anchoring a
one-direc on tension e

Acreq
FT
fcn

:= Acreq 180 in2⋅= Required effec ve area of concrete

breq
Acreq
ha

:= breq 10.48 in⋅= Required width of concrete strip in
which tension e reinforcement is
distributed

CHECK3 "OK" b breq≥if

"NG" otherwise

:= CHECK3 "OK"=
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 Crack Control Reinforcement (AASHTO LRFD 5.6.3.6)

smax min 12in
d
4

, 





:= smax 10 in⋅= Maximum spacing of crack control
reinforcement

Ver cal reinforcement:

Av 0.003 12⋅ in b⋅:= Av 2.16 in2⋅= Total area of ver cal crack control
reinforcement required per foot

Try #9 @ 10" max. (2 legs):

Av_prov 2 1.00⋅ in2
12in
10in







⋅:= Av_prov 2.40 in2⋅= Total area of ver cal crack control
reinforcement provided per foot

CHECK4 "OK" Av_prov Av≥if

"NG" otherwise

:= CHECK4 "OK"=

Horizontal reinforcement:

Ah 0.003 12⋅ in b⋅:= Ah 2.16 in2⋅= Total area of horizontal crack control
reinforcement required per foot

Try #8 @ 8" max. (each face):

Ah_prov 2 0.79⋅ in2
12in
8in







⋅:= Ah_prov 2.37 in2⋅= Total area of horizontal crack control
reinforcement provided per foot

CHECK5 "OK" Ah_prov Ah≥if

"NG" otherwise

:= CHECK5 "OK"=

 Shrinkage & Temperature Reinforcement (AASHTO LRFD 5.10.8)

As max
1.3b h⋅ ksi⋅ in⋅( )
2 b h+( ) fy⋅

0.11in2, 







:= Minimum area of reinforcement in each
direc on and in each face per footAs 0.29 in2⋅=

Try #5 @ 12":

As_prov 0.31in2:=

CHECK6 "OK" As_prov As≥if

"NG" otherwise

:= CHECK6 "OK"=
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 End Diaphragm - Type II
Ref. AASHTO LRFD (2012) 5.6.3

 Parameters 

lb 3ft 4in+:= Assumed length of bearing pad

db 1.410in:= Diameter of bar used for tension e

Ab 1.56in2:= Area of bar used for tension e

b 2ft:= Width of sec on

d 3ft 2.5in+:= Distance from compression face to centroid of tension e

h 4ft:= Least height of component sec on

αs 53deg:= Angle between compressive strut and tension e
(assuming bearings spaced 6'-0" apart)

Pstr 582 kip⋅:= Factored bearing reac on (Strength)
(due to self weight during temporary condi on)

Psrv 466 kip⋅:= Factored bearing reac on (Service)
(due to self weight during temporary condi on)

fc 8.5ksi:= Specified compressive strength of concrete

fy 60ksi:= Specified yield strength of reinforcement

Es 29000ksi:= Modulus of elas city of steel

ϕt 0.9:= Resistance factor for tension-controlled reinforced 
concrete

ϕc 0.7:= Resistance factor for compression in strut-and- e models

 Strut & Tie Model
Force in compressive strut:

Fc
Pstr

sin αs( ):= Fc 729 kip⋅=

Force in tension e:

FT Fc cos αs( )⋅:= FT 439 kip⋅=
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 Tension Tie (AASHTO LRFD 5.6.3.4)

Steel area required for tension e (Strength):

Asreq_str
FT
ϕt fy⋅

:= Total area of longitudinal mild
steel reinforcement required in eAsreq_str 8.12 in2⋅=

Steel area required for tension e (Service):

Asreq_srv
FT Psrv⋅

0.6 fy⋅ Pstr⋅
:= Total area of longitudinal mild

steel reinforcement required in eAsreq_srv 9.75 in2⋅=

Asprov 8 Ab⋅:= Asprov 12.48 in2⋅=

CHECK1 "OK" Asprov max Asreq_str Asreq_srv, ( )≥if

"NG" otherwise

:= CHECK1 "OK"=

Tension development length (AASHTO LRFD 5.11.2.1.1):

Ld max
1.25 Ab⋅ fy⋅

fc ksi⋅ in⋅

0.4 db⋅ fy⋅( )
ksi

, 






:= Ld 40.13 in⋅= Tension force shall  be developed at
the inner face of the nodal zone

 Compressive Strut (AASHTO LRFD 5.6.3.3)

Compressive stress in strut :

ha 12in db+ 6db+:= ha 21.87 in⋅= Height of anchorage zone 

dcs lb sin αs( )⋅ ha cos αs( )⋅+:= dcs 45.11 in⋅= Figure 5.6.3.3.2-1(b)
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Acs dcs b⋅:= Acs 1083 in2⋅= Effec ve cross-sec onal area of strut

σs
FT

Asprov
:= σs 35 ksi⋅= Stress in tension e due to factored

loads

εs
σs
Es

:= εs 0.0012= Tensile strain in direc on of tension
e due to factored loads

ε1 εs εs 0.002+( ) cot αs( )2⋅+:=
ε1 0.0030= Equa on 5.6.3.3.3-2

fcu min
fc

0.8 170 ε1⋅+
0.85 fc⋅, 









:= fcu 6.46 ksi⋅= Equa on 5.6.3.3.3-1

Pn fcu Acs⋅:= Pn 6992 kip⋅= Equa on 5.6.3.3.1-1

ϕPn ϕc Pn⋅:= ϕPn 4894 kip⋅= Factored resistance of strut

Demand / Capacity ra oϕPn
Fc

6.72=

CHECK2 "OK" ϕPn Fc≥if

"NG" otherwise

:= CHECK2 "OK"=

 Node Regions (AASHTO LRFD 5.6.3.5)

Distribu on of tension e reinforcement:

fcn 0.75 ϕc⋅ fc⋅:= fcn 4.46 ksi⋅= Limi ng concrete compressive stress
in node region anchoring a
one-direc on tension e

Acreq
FT
fcn

:= Acreq 98 in2⋅= Required effec ve area of concrete

breq
Acreq
ha

:= breq 4.49 in⋅= Required width of concrete strip in
which tension e reinforcement is
distributed

CHECK3 "OK" b breq≥if

"NG" otherwise

:= CHECK3 "OK"=
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 Crack Control Reinforcement (AASHTO LRFD 5.6.3.6)

smax min 12in
d
4

, 





:= smax 10 in⋅= Maximum spacing of crack control
reinforcement

Ver cal reinforcement:

Av 0.003 12⋅ in b⋅:= Av 0.86 in2⋅= Total area of ver cal crack control
reinforcement required per foot

Try #9 @ 18" max. (2 legs):

Av_prov 2 1.00⋅ in2
12in
18in







⋅:= Av_prov 1.33 in2⋅= Total area of ver cal crack control
reinforcement provided per foot

CHECK4 "OK" Av_prov Av≥if

"NG" otherwise

:= CHECK4 "OK"=

Horizontal reinforcement:

Ah 0.003 12⋅ in b⋅:= Ah 0.86 in2⋅= Total area of horizontal crack control
reinforcement required per foot

Try #8 @ 10" max. (each face):

Ah_prov 2 0.79⋅ in2
12in
10in







⋅:= Ah_prov 1.90 in2⋅= Total area of horizontal crack control
reinforcement provided per foot

CHECK5 "OK" Ah_prov Ah≥if

"NG" otherwise

:= CHECK5 "OK"=

Spacing of ver cal reinforcement exceeds maximum due to PT anchorage loca ons.  However, diaphragm
will be con nuously supported while cas ng and in the permanent condi on.  For temporary condi on
before diaphragm is grouted at top of pylon base, per form shim plate design to avoid cracking of sec on.

 Shrinkage & Temperature Reinforcement (AASHTO LRFD 5.10.8)

As max
1.3b h⋅ ksi⋅ in⋅( )
2 b h+( ) fy⋅

0.11in2, 







:= Minimum area of reinforcement in each
direc on and in each face per footAs 0.17 in2⋅=

Try #5 @ 12":

As_prov 0.31in2:=

CHECK6 "OK" As_prov As≥if

"NG" otherwise

:= CHECK6 "OK"=
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End Diaphragm - Type 1 - General Zone Reinforcement (12k6 Tendon)

 Parameters

fsallDT 30 ksi⋅:= Allowable mild steel stress for direct tension per FIGG
Design Directive No. 26

%JACK 0.75:= Max % GUTS 

fpu 270 ksi⋅:= Ultimate PT Stress

Area of a single strand
Astrand 0.217 in2⋅:=

Nstrand 12:= Number of single strands

RTENDON 12 ft⋅:= Tendon radius of steel pipe

α 5.59 deg⋅:= Degree of angle change

LCURVE RTENDON α⋅:= LCURVE 1.17 ft⋅=

 Tendon Pullout Reinforcement

PJACK %JACK fpu Astrand⋅ Nstrand⋅( )⋅:= PJACK 527 kip⋅=

PJACK_HOR PJACK cos α( )⋅:= PJACK_HOR 525 kip⋅=

PJACK_VER PJACK sin α( )⋅:= PJACK_VER 51 kip⋅=

wRADIAL
PJACK

RTENDON
:=

As_reqd
wRADIAL LCURVE⋅

fsallDT
:= As_reqd 1.71 in2⋅= Steel Required per Tendon

As_prov 3 A5⋅ 2⋅:= As_prov 1.86 in2⋅= Steel Supplied per Tendon
(3-#5 hat bars distributed 
between PT and PC)

Check1 if As_prov As_reqd≥ "OK", "NG", ( ):= Check1 "OK"=
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End Diaphragm - Type 1 - General Zone Reinforcement (19k6 Tendon)

 Parameters

fsallDT 30 ksi⋅:= Allowable mild steel stress for direct tension per FIGG
Design Directive No. 26

%JACK 0.75:= Max % GUTS 

fpu 270 ksi⋅:= Ultimate PT Stress

Area of a single strand
Astrand 0.217 in2⋅:=

Nstrand 19:= Number of single strands

RTENDON 12 ft⋅:= Tendon radius of steel pipe

α 5.59 deg⋅:= Degree of angle change

LCURVE RTENDON α⋅:= LCURVE 1.17 ft⋅=

 Tendon Pullout Reinforcement

PJACK %JACK fpu Astrand⋅ Nstrand⋅( )⋅:= PJACK 835 kip⋅=

PJACK_HOR PJACK cos α( )⋅:= PJACK_HOR 831 kip⋅=

PJACK_VER PJACK sin α( )⋅:= PJACK_VER 81 kip⋅=

wRADIAL
PJACK

RTENDON
:=

As_reqd
wRADIAL LCURVE⋅

fsallDT
:= As_reqd 2.72 in2⋅= Steel Required per Tendon

As_prov 5 A5⋅ 2⋅:= As_prov 3.10 in2⋅= Steel Supplied per Tendon 
(5-#5 hat bars distributed 
between PT and PC)

Check1 if As_prov As_reqd≥ "OK", "NG", ( ):= Check1 "OK"=
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End Diaphragm 1 - General Zone Reinforcement

 Parameters

fsallDT 30 ksi⋅:= Allowable mild steel stress for direct tension per FIGG
Design Directive No. 26

fy 60ksi:= Specified yield strength of reinforcement

 Tie Back Reinforcement (AASHTO LRFD 5.10.9.3.4b)

See refined RISA-3D analysis for
calculation of tie-back tension
force (service level)

Tia 61kip 5 96⋅ kip+:= Tia 541 kip⋅=

Ast_reqd
Tia
0.6fy

:= Ast_reqd 15.03 in2⋅= Steel Required per Half
Diaphragm

Ast_prov 21 A9⋅:= Ast_prov 21.00 in2⋅= Steel Supplied per Half Diaphragm
(21-#9 bars located at anchor face
of diaphragm)

Check1 if Ast_prov Ast_reqd≥ "OK", "NG", ( ):= Check1 "OK"=

 Burs ng Reinforcement (AASHTO LRFD 5.10.9.6.3)

By inspection, service load case will govern.

See refined RISA-3D analysis for
calculation of tensile force ahead
of anchorage device

Tburst 93kip 5 146⋅ kip+:= Tburst 823 kip⋅=

Asb_reqd
Tburst
fsallDT

:= Asb_reqd 27.43 in2⋅= Steel Required per Half
Diaphragm

Asb_prov 31 A9⋅:= Asb_prov 31.00 in2⋅= Steel Supplied per Half Diaphragm
(31-#9 bars located at exit face of
diaphragm)

Check2 if Asb_prov Asb_reqd≥ "OK", "NG", ( ):= Check2 "OK"=
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End Diaphragm - Type 2 - General Zone Reinforcement (12k6 Tendon)

 Parameters

fsallDT 30 ksi⋅:= Allowable mild steel stress for direct tension per FIGG
Design Directive No. 26

%JACK 0.75:= Max % GUTS 

fpu 270 ksi⋅:= Ultimate PT Stress

Area of a single strand
Astrand 0.217 in2⋅:=

Nstrand 12:= Number of single strands

RTENDON 15 ft⋅:= Tendon radius of steel pipe

α 3.17 deg⋅:= Degree of angle change

LCURVE RTENDON α⋅:= LCURVE 0.83 ft⋅=

 Tendon Pullout Reinforcement

PJACK %JACK fpu Astrand⋅ Nstrand⋅( )⋅:= PJACK 527 kip⋅=

PJACK_HOR PJACK cos α( )⋅:= PJACK_HOR 527 kip⋅=

PJACK_VER PJACK sin α( )⋅:= PJACK_VER 29 kip⋅=

wRADIAL
PJACK

RTENDON
:=

As_reqd
wRADIAL LCURVE⋅

fsallDT
:= As_reqd 0.97 in2⋅= Steel Required per Tendon

As_prov 2 A5⋅ 2⋅:= As_prov 1.24 in2⋅= Steel Supplied per Tendon
(2-#5 hat bars distributed 
between PT and PC)

Check1 if As_prov As_reqd≥ "OK", "NG", ( ):= Check1 "OK"=
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End Diaphragm - Type 2 - General Zone Reinforcement (19k6 Tendon - D2)

 Parameters

fsallDT 30 ksi⋅:= Allowable mild steel stress for direct tension per FIGG
Design Directive No. 26

%JACK 0.75:= Max % GUTS 

fpu 270 ksi⋅:= Ultimate PT Stress

Area of a single strand
Astrand 0.217 in2⋅:=

Nstrand 19:= Number of single strands

RTENDON 15 ft⋅:= Tendon radius of steel pipe

α 3.17 deg⋅:= Degree of angle change

LCURVE RTENDON α⋅:= LCURVE 0.83 ft⋅=

 Tendon Pullout Reinforcement

PJACK %JACK fpu Astrand⋅ Nstrand⋅( )⋅:= PJACK 835 kip⋅=

PJACK_HOR PJACK cos α( )⋅:= PJACK_HOR 834 kip⋅=

PJACK_VER PJACK sin α( )⋅:= PJACK_VER 46 kip⋅=

wRADIAL
PJACK

RTENDON
:=

As_reqd
wRADIAL LCURVE⋅

fsallDT
:= As_reqd 1.54 in2⋅= Steel Required per Tendon

As_prov 3 A5⋅ 2⋅:= As_prov 1.86 in2⋅= Steel Supplied per Tendon 
(3-#5 hat bars distributed
between PT and PC)

Check1 if As_prov As_reqd≥ "OK", "NG", ( ):= Check1 "OK"=
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FIU Pedestrian Bridge
2262.03

Superstructure Design

Designed:  ENH
Checked:  ____

4/11/2017
Page 1 of 1

End Diaphragm 2 - General Zone Reinforcement

 Parameters

fsallDT 30 ksi⋅:= Allowable mild steel stress for direct tension per FIGG
Design Directive No. 26

fy 60ksi:= Specified yield strength of reinforcement

 Tie Back Reinforcement (AASHTO LRFD 5.10.9.3.4b)

See refined RISA-3D analysis for
calculation of tie-back tension
force (service level)

Tia 84kip 5 134⋅ kip+:= Tia 754 kip⋅=

Ast_reqd
Tia
0.6fy

:= Ast_reqd 20.94 in2⋅= Steel Required per Half
Diaphragm

Ast_prov 13 A9⋅ 10 A8⋅+ A5+:= Ast_prov 21.21 in2⋅= Steel Supplied per Half Diaphragm
(13-#9 bars, 10-#8 bars, and 1-#5
bar located at anchor face of
diaphragm)Check1 if Ast_prov Ast_reqd≥ "OK", "NG", ( ):= Check1 "OK"=

 Burs ng Reinforcement (AASHTO LRFD 5.10.9.6.3)

By inspection, service load case will govern.

See refined RISA-3D analysis for
calculation of tensile force ahead
of anchorage device

Tburst 72kip 5 115⋅ kip+:= Tburst 647 kip⋅=

Asb_reqd
Tburst
fsallDT

:= Asb_reqd 21.57 in2⋅= Steel Required per Half
Diaphragm

Asb_prov 13 A9⋅ 11A8+:= Asb_prov 21.69 in2⋅= Steel Supplied per Half Diaphragm
(13-#9 bars and 11-#8 bars
located at exit face of diaphragm)

Check2 if Asb_prov Asb_reqd≥ "OK", "NG", ( ):= Check2 "OK"=

Page 44 of 397



FI
G

G
EN

H
22

62
.0

3
En

d 
D

ia
ph

ra
gm

 3
 (1

9k
6 

Te
nd

on
)

SK
 - 

1
O

ct
 3

, 2
01

6 
at

 9
:3

5 
AM

En
d 

D
ia

ph
ra

gm
 3

_3
x3

_1
9k

6.
r3

d

83
5kY

X
Z

Pl
at

e
Pl

an
e 

y
k 

pe
r f

t
( L

C
 1

 ) 34
2

30
4

26
6

22
8

19
0

15
2

11
4

76 38 0 < 
0

Lo
ad

s:
 B

LC
 1

, P
T

R
es

ul
ts

 fo
r L

C
 1

, P
T 

(S
er

vi
ce

)

-1 -8
9

-6
01

-5
84

-3
2

10
3

12
1

10
1

73 48 29 16 8 3 1 0

-5 -2
2

-5
6

-1
10

-2
04 61 11
3

10
2

75 49 29 16 8 3 1 0

T i
a =

 0
.2

5 
ft 

*(
10

3+
12

1+
10

1+
73

+4
8+

29
+1

6+
8+

3+
1 

k/
ft)

 =
 1

26
 k

ip
s

T b
ur

st
 =

 0
.2

5 
ft 

*(
61

+1
13

+1
02

+7
5+

49
+2

9+
16

+8
+3

+1
 k

/ft
) =

 1
14

 k
ip

s

Page 45 of 397



FIU Pedestrian Bridge
2262.03

Superstructure Design

Designed:  ENH
Checked:  ____

4/11/2017
Page 1 of 1

End Diaphragm 3 - General Zone Reinforcement

 Parameters

fsallDT 30 ksi⋅:= Allowable mild steel stress for direct tension per FIGG
Design Directive No. 26

fy 60ksi:= Specified yield strength of reinforcement

 Tie Back Reinforcement (AASHTO LRFD 5.10.9.3.4b)

See refined RISA-3D analysis for
calculation of tie-back tension
force (service level)

Tia 3 126⋅ kip:= Tia 378 kip⋅=

Ast_reqd
Tia
0.6fy

:= Ast_reqd 10.50 in2⋅= Steel Required per Half
Diaphragm

Ast_prov 8 A9⋅ 6 A8⋅+:= Ast_prov 12.74 in2⋅= Steel Supplied per Half Diaphragm
(8-#9 bars and 6-#8 bars located
at anchor face of diaphragm)

Check1 if Ast_prov Ast_reqd≥ "OK", "NG", ( ):= Check1 "OK"=

 Burs ng Reinforcement (AASHTO LRFD 5.10.9.6.3)

By inspection, service load case will govern.

See refined RISA-3D analysis for
calculation of tensile force ahead
of anchorage device

Tburst 3 114⋅ kip:= Tburst 342 kip⋅=

Asb_reqd
Tburst
fsallDT

:= Asb_reqd 11.40 in2⋅= Steel Required per Half
Diaphragm

Asb_prov 7 A9⋅ 6A8+:= Asb_prov 11.74 in2⋅= Steel Supplied per Half Diaphragm
(7-#9 bars and 6-#8 bars located
at exit face of diaphragm)

Check2 if Asb_prov Asb_reqd≥ "OK", "NG", ( ):= Check2 "OK"=
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FIU Pedestrian Bridge
2262.03

Superstructure Design

Designed:  ENH
Checked:  ____

9/23/2016
Page 1 of 1

End Diaphragm - Type 4 - General Zone Reinforcement

 Parameters

fsallDT 30 ksi⋅:= Allowable mild steel stress for direct tension per FIGG
Design Directive No. 26

%JACK 0.75:= Max % GUTS 

fpu 270 ksi⋅:= Ultimate PT Stress

Area of a single strand
Astrand 0.217 in2⋅:=

Nstrand 19:= Number of single strands

RTENDON 10 ft⋅:= Tendon radius of steel pipe

α 9.53 deg⋅:= Degree of angle change

LCURVE RTENDON α⋅:= LCURVE 1.66 ft⋅=

 Tendon Pullout Reinforcement

PJACK %JACK fpu Astrand⋅ Nstrand⋅( )⋅:= PJACK 835 kip⋅=

PJACK_HOR PJACK cos α( )⋅:= PJACK_HOR 823 kip⋅=

PJACK_VER PJACK sin α( )⋅:= PJACK_VER 138 kip⋅=

wRADIAL
PJACK

RTENDON
:=

As_reqd
wRADIAL LCURVE⋅

fsallDT
:= As_reqd 4.63 in2⋅= Steel Required per Tendon

As_prov 6 A6⋅ 2⋅:= As_prov 5.28 in2⋅= Steel Supplied per Tendon 
(6-#6 hat bars distributed 
between PT and PC)

Check1 if As_prov As_reqd≥ "OK", "NG", ( ):= Check1 "OK"=
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FIU Pedestrian Bridge
2262.03

Superstructure Design

Designed:  ENH
Checked:  ____

4/11/2017
Page 1 of 1

End Diaphragm 4 - General Zone Reinforcement

 Parameters

fsallDT 30 ksi⋅:= Allowable mild steel stress for direct tension per FIGG
Design Directive No. 26

fy 60ksi:= Specified yield strength of reinforcement

 Tie Back Reinforcement (AASHTO LRFD 5.10.9.3.4b)

See refined RISA-3D analysis for
calculation of tie-back tension
force (service level)

Tia 3 74⋅ kip:= Tia 222 kip⋅=

Ast_reqd
Tia
0.6fy

:= Ast_reqd 6.17 in2⋅= Steel Required per Half
Diaphragm

Ast_prov 10 A9⋅:= Ast_prov 10.00 in2⋅= Steel Supplied per Half Diaphragm
(10-#9 bars located at anchor face
of diaphragm)

Check1 if Ast_prov Ast_reqd≥ "OK", "NG", ( ):= Check1 "OK"=

 Burs ng Reinforcement (AASHTO LRFD 5.10.9.6.3)

By inspection, service load case will govern.

See refined RISA-3D analysis for
calculation of tensile force ahead
of anchorage device

Tburst 3 161⋅ kip:= Tburst 483 kip⋅=

Asb_reqd
Tburst
fsallDT

:= Asb_reqd 16.10 in2⋅= Steel Required per Half
Diaphragm

Asb_prov 18 A9⋅:= Asb_prov 18.00 in2⋅= Steel Supplied per Half Diaphragm
(18-#9 bars located at exit face of
diaphragm)

Check2 if Asb_prov Asb_reqd≥ "OK", "NG", ( ):= Check2 "OK"=
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 Project
FIU Pedestrian Bridge

 Project Number
2262.03

 Description
Deck Diaphragm Type IV

8500

STRESS* EOC LT

6.41 6.41 6.41

1.37 1.37 1.37

0.30 0.30 0.30

STRESS* EOC LT

-11.79 -17.54 -17.54

94.45 93.26 92.66

-318 -314 -312

0.00 -7.44 -7.44

CAST EOC LT

8.6 12.8 12.8

-8.6 -12.8 -12.8

-118.5 -117.1 -116.3

19.3 19.1 19.0

0.0 5.4 5.4

0.0 -5.4 -5.4

-109.9 -98.8 -98.1

10.7 0.9 0.7

10.7 0.9 0.7

39.8 39.8 39.8

OK OK OK

-109.9 -98.8 -98.1

-550.8 -550.8 -550.8

OK OK OK

* Transverse tendons have been stressed and short-term losses have occurred.

DL MOMENT [k*ft]

 Date
10/03/16

 Designed
ENH

 Checked

f'c (28 days) [psi]

SECTION PROPERTIES

AREA [FT2]

SECTION MODULUS [FT3]

TENDON ECCENTRICITY [FT]

TOTAL, BOTTOM

PT MOMENT [k*ft]

PT FORCE [kips]

LL MOMENT [k*ft]

STRESSES AT ROOT OF 
CANTILEVER [KSF]

DL, TOP

DL, BOTTOM

PT, TOP

PT, BOTTOM

LL, TOP

LL, BOTTOM

TOTAL, TOP

ALLOWABLE [ksf]

CHECK

MAX TENSION [ksf]

ALLOWABLE [ksf]

CHECK

MAX COMPRESSION [ksf]
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 Project
FIU Pedestrian Bridge

 Project Number
2262.03

 Description
Deck Diaphragm Type I

8500

STRESS* EOC LT

4.48 4.48 4.48

0.96 0.96 0.96

0.30 0.30 0.30

STRESS* EOC LT

-8.25 -12.28 -12.28

47.22 46.63 46.33

-159 -157 -156

0.00 -5.21 -5.21

CAST EOC LT

8.6 12.8 12.8

-8.6 -12.8 -12.8

-84.7 -83.6 -83.1

13.7 13.5 13.4

0.0 5.4 5.4

0.0 -5.4 -5.4

-76.1 -65.4 -64.9

5.1 -4.7 -4.8

5.1 -4.7 -4.8

39.8 39.8 39.8

OK OK OK

-76.1 -65.4 -64.9

-550.8 -550.8 -550.8

OK OK OK

* Transverse tendons have been stressed and short-term losses have occurred.

f'c (28 days) [psi]

 Date

 Designed

 Checked

10/03/16

ENH

SECTION PROPERTIES

STRESSES AT ROOT OF 
CANTILEVER [KSF]

TOTAL, BOTTOM

TOTAL, TOP

LL, BOTTOM

LL, TOP

PT, BOTTOM

PT, TOP

DL, BOTTOM

DL, TOP

LL MOMENT [k*ft]

PT FORCE [kips]

PT MOMENT [k*ft]

DL MOMENT [k*ft]

SECTION MODULUS [FT3]

AREA [FT2]

TENDON ECCENTRICITY [FT]

CHECK

ALLOWABLE [ksf]

MAX COMPRESSION [ksf]

CHECK

ALLOWABLE [ksf]

MAX TENSION [ksf]
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Project:  FIU Pedestrian Bridge

Project No.: 2262.03

Transverse Mild Reinforcement

Designed: ENH

Checked: ____

10/3/2016

END DIAPHRAGM TYPE I
ULTIMATE MOMENT - CHECK NEGATIVE MOMENT AT ROOT OF CANTILEVER
______________________________________________________________________________________________

 MATERIAL PROPERTIES  SECTION PROPERTIES k 1000 lbf

fc 8.5 ksi h 15.375 in Height of section

fy 60 ksi b 42 in Width of section

dbar 0.50 in Bar diameter (#4)
A's 1 in2



cov 2.25 in Clear cover

c cov 0.5 dbar 2.5 in Cover to center of bar

Sx
b h2


6
0.96 ft3 Section modulus

______________________________________________________________________________________________

 BENDING MOMENTS

MDC 12.28 k ft Dead Load Moment

MLL 5.21 k ft Live Load Moment

MPT 0 k ft Assume no PT Moment

FPRIM 0 k (enter positive)

MPRIM 0 k ft (enter positive)

Mu1 1.25 MDC 1.75 MLL MPT Mu1 24 k ft Ultimate Design Moment (Strength I)

Mu2 0.9 MDC 1.75 MLL MPT Mu2 20 k ft

Mu max Mu1 Mu2  Mu 24 k ft

Creating Bridges As ArtPage 57 of 397



Project:  FIU Pedestrian Bridge

Project No.: 2262.03

Transverse Mild Reinforcement

Designed: ENH

Checked: ____

10/3/2016

 MINIMUM REINFORCEMENT CHECK (AASHTO LRFD 5.7.3.3.2)

fr 0.24
fc
ksi

 ksi fr 0.700 ksi Modulus of Rupture

fcpe
FPRIM

h b

MPRIM
Sx

 fcpe 0.000 ksi Compressive stress from PT

γ1 1.6 Flexural cracking variability factor

γ2 1.1 Prestress variability factor

γ3 0.67 Yield/Ultimate ratio factor

Mu3 1.33 Mu Mu3 33 k ft

Mu4 γ3 γ1 fr γ2 fcpe  Sx Mu4 103 k ft

Mu.min max min Mu3 Mu4  Mu  Mu.min 33 k ft

CHECK1 "OK" Mu Mu.minif

"DESIGN FOR MIN. REQUIREMENT" otherwise


CHECK1 "DESIGN FOR MIN. REQUIREMENT"

______________________________________________________________________________________________

 TRANSVERSE MILD REINFORCEMENT DESIGN (TOP OF SECTION)

ϕ 0.9

d h c 12.88 in

a As 
As fy

0.85 fc b


ϕMn As  ϕ As fy d
a As 

2












As root Mu.min ϕMn A's  A's 0.0 in2
 10 in2





 As 0.56 in2



Try 4-#4:

As_prov 4 0.20 in2 0.80 in2


CHECK2 "OK" As_prov Asif

"NG" otherwise


CHECK2 "OK"
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 Project
FIU Pedestrian Bridge

 Project Number
2262.03

 Description
Deck Diaphragm Type 2 & 3

8500

STRESS* EOC LT

3.84 3.84 3.84

0.82 0.82 0.82

0.30 0.30 0.30

STRESS* EOC LT

-7.07 -10.52 -10.52

47.22 46.63 46.33

-159 -157 -156

0.00 -4.46 -4.46

CAST EOC LT

8.6 12.8 12.8

-8.6 -12.8 -12.8

-99.0 -97.8 -97.1

16.2 16.0 15.9

0.0 5.4 5.4

0.0 -5.4 -5.4

-90.4 -79.5 -78.9

7.6 -2.3 -2.4

7.6 -2.3 -2.4

39.8 39.8 39.8

OK OK OK

-90.4 -79.5 -78.9

-550.8 -550.8 -550.8

OK OK OK

* Transverse tendons have been stressed and short-term losses have occurred.

DL MOMENT [k*ft]

 Date
10/03/16

 Designed
ENH

 Checked

f'c (28 days) [psi]

SECTION PROPERTIES

AREA [FT2]

SECTION MODULUS [FT3]

TENDON ECCENTRICITY [FT]

TOTAL, BOTTOM

PT MOMENT [k*ft]

PT FORCE [kips]

LL MOMENT [k*ft]

STRESSES AT ROOT OF 
CANTILEVER [KSF]

DL, TOP

DL, BOTTOM

PT, TOP

PT, BOTTOM

LL, TOP

LL, BOTTOM

TOTAL, TOP

ALLOWABLE [ksf]

CHECK

MAX TENSION [ksf]

ALLOWABLE [ksf]

CHECK

MAX COMPRESSION [ksf]
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Project:  FIU Pedestrian Bridge

Project No.: 2262.03

Transverse Mild Reinforcement

Designed: ENH

Checked: ____

10/3/2016

END DIAPHRAGM TYPE II & III
ULTIMATE MOMENT - CHECK NEGATIVE MOMENT AT ROOT OF CANTILEVER
______________________________________________________________________________________________

 MATERIAL PROPERTIES  SECTION PROPERTIES k 1000 lbf

fc 8.5 ksi h 15.375 in Height of section

fy 60 ksi b 36 in Width of section

dbar 0.50 in Bar diameter (#4)
A's 1 in2



cov 2.25 in Clear cover

c cov 0.5 dbar 2.5 in Cover to center of bar

Sx
b h2


6
0.82 ft3 Section modulus

______________________________________________________________________________________________

 BENDING MOMENTS

MDC 10.52 k ft Dead Load Moment

MLL 4.46 k ft Live Load Moment

MPT 0 k ft Assume no PT Moment

FPRIM 0 k (enter positive)

MPRIM 0 k ft (enter positive)

Mu1 1.25 MDC 1.75 MLL MPT Mu1 21 k ft Ultimate Design Moment (Strength I)

Mu2 0.9 MDC 1.75 MLL MPT Mu2 17 k ft

Mu max Mu1 Mu2  Mu 21 k ft
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Project:  FIU Pedestrian Bridge

Project No.: 2262.03

Transverse Mild Reinforcement

Designed: ENH

Checked: ____

10/3/2016

 MINIMUM REINFORCEMENT CHECK (AASHTO LRFD 5.7.3.3.2)

fr 0.24
fc
ksi

 ksi fr 0.700 ksi Modulus of Rupture

fcpe
FPRIM

h b

MPRIM
Sx

 fcpe 0.000 ksi Compressive stress from PT

γ1 1.6 Flexural cracking variability factor

γ2 1.1 Prestress variability factor

γ3 0.67 Yield/Ultimate ratio factor

Mu3 1.33 Mu Mu3 28 k ft

Mu4 γ3 γ1 fr γ2 fcpe  Sx Mu4 89 k ft

Mu.min max min Mu3 Mu4  Mu  Mu.min 28 k ft

CHECK1 "OK" Mu Mu.minif

"DESIGN FOR MIN. REQUIREMENT" otherwise


CHECK1 "DESIGN FOR MIN. REQUIREMENT"

______________________________________________________________________________________________

 TRANSVERSE MILD REINFORCEMENT DESIGN (TOP OF SECTION)

ϕ 0.9

d h c 12.88 in

a As 
As fy

0.85 fc b


ϕMn As  ϕ As fy d
a As 

2












As root Mu.min ϕMn A's  A's 0.0 in2
 10 in2





 As 0.48 in2



Try 3-#4:

As_prov 3 0.20 in2 0.60 in2


CHECK2 "OK" As_prov Asif

"NG" otherwise


CHECK2 "OK"
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Design Summary 
 
Project:   FIU Pedestrian Bridge 
 
Project No. :   2262.03 
 
Design Task:  Canopy End Diaphragm Design Summary 
 
Designer:  Erika N. Hango, P.E. 
 
Design Summary: 
 
This binder contains the calculations performed for the RFC design of the 
canopy end diaphragms.  The calculations were prepared in accordance with 
the project design criteria, AASHTO LRFD Bridge Design Specifications 7th 
Edition with 2015 Interim Revisions, FDOT Structures Design Guidelines 
(January 2015), and AASHTO LRFD Guide Specifications for the Design of 
Pedestrian Bridges 2nd Edition (2009).  The intent of this design was to 
determine the required concrete dimensions and the reinforcement 
requirements for each diaphragm. 
 
Tendon pullout reinforcement was provided for all tendons with vertical 
deviations near the anchorages.  A limiting reinforcing steel stress of 30 ksi for 
direct tension was used for tendon pullout per FIGG Design Directive No. 26.  A 
plate model with a 3”x3” discretization was created using RISA-3D (V14.0.0) for 
each diaphragm.  Tension forces from these models were used to calculate the 
required bursting reinforcement at the exit face of the diaphragm.  For the 
bursting reinforcement, a limiting reinforcing steel stress of 30 ksi was used per 
FIGG Design Directive No. 26. 
 
A strut and tie model was developed for the Type II diaphragm to determine the 
steel area required for the tension tie between the two groups of anchorages.  
The results of this analysis were factored and applied to the Type III diaphragm 
design. 
 
A transverse analysis was performed to check negative flexure at the root of the 
cantilevered diaphragm.  Mild reinforcement was provided at the top of the 
section per AASHTO LRFD 5.7.3.2 & 5.7.3.3.2.  Shrinkage and temperature 
reinforcement was calculated per AASHTO LRFD 5.10.8. 
 
The diaphragm reinforcement requirements are summarized in Summary Table 1 
on the next page. 
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Summary Table 1 
Diaphragm Tendon Pullout 

(Per Tendon) 
Bursting 

(Per Tendon) 
Type I 4-#5 4-#9 
Type II 4-#5 4-#9 & 1-#5 
Type III 4-#5 4-#9 & 1-#5 
Type IV 4-#5 4-#9 
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FIU Pedestrian Bridge
2262.03

Superstructure Design

Designed:  ENH
Checked:  ____

9/27/2016
Page 1 of 1

Canopy End Diaphragm - Type 1 & 4 - General Zone Reinforcement (12k6 Tendon)

 Parameters

fsallDT 30 ksi⋅:= Allowable mild steel stress for direct tension per FIGG
Design Directive No. 26

%JACK 0.75:= Max % GUTS 

fpu 270 ksi⋅:= Ultimate PT Stress

Area of a single strand
Astrand 0.217 in2⋅:=

Nstrand 12:= Number of single strands

RTENDON 15 ft⋅:= Tendon radius of steel pipe

α 6.35 deg⋅:= Degree of angle change

LCURVE RTENDON α⋅:= LCURVE 1.66 ft⋅=

 Tendon Pullout Reinforcement

PJACK %JACK fpu Astrand⋅ Nstrand⋅( )⋅:= PJACK 527 kip⋅=

PJACK_HOR PJACK cos α( )⋅:= PJACK_HOR 524 kip⋅=

PJACK_VER PJACK sin α( )⋅:= PJACK_VER 58 kip⋅=

wRADIAL
PJACK

RTENDON
:=

As_reqd
wRADIAL LCURVE⋅

fsallDT
:= As_reqd 1.95 in2⋅= Steel Required per Tendon

As_prov 4 A5⋅ 2⋅:= As_prov 2.48 in2⋅= Steel Supplied per Tendon
(4-#5 hat bars distributed 
between PT and PC)

Check1 if As_prov As_reqd≥ "OK", "NG", ( ):= Check1 "OK"=
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FIU Pedestrian Bridge
2262.03

Superstructure Design

Designed:  ENH
Checked:  ____

10/3/2016
Page 1 of 1

Canopy End Diaphragm - Type 1 & 4 - General Zone Reinforcement (12k6 Tendon)

 Parameters

fsallDT 30 ksi Allowable mild steel stress for direct tension per FIGG
Design Directive No. 26

fy 60ksi Specified yield strength of reinforcement

 Burs ng Reinforcement (AASHTO LRFD 5.10.9.6.3)

By inspection, service load case will govern.

See refined RISA-3D analysis for
calculation of tensile force ahead
of anchorage device

Tburst 113kip Tburst 113 kip

Asb_reqd
Tburst
fsallDT

 Asb_reqd 3.77 in2 Steel Required per Tendon

Asb_prov 4 A9 Asb_prov 4.00 in2 Steel Supplied per Tendon
(4-#9 bars located at exit face of
diaphragm)

Check2 if Asb_prov Asb_reqd "OK" "NG"  Check2 "OK"
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FIU Pedestrian Bridge
2262.03

Superstructure Design

Designed:  ENH
Checked:  ____

9/27/2016
Page 1 of 1

Canopy End Diaphragm - Type 2 & 3 - General Zone Reinforcement (12k6 Tendon)

 Parameters

fsallDT 30 ksi⋅:= Allowable mild steel stress for direct tension per FIGG
Design Directive No. 26

%JACK 0.75:= Max % GUTS 

fpu 270 ksi⋅:= Ultimate PT Stress

Area of a single strand
Astrand 0.217 in2⋅:=

Nstrand 12:= Number of single strands

RTENDON 10 ft⋅:= Tendon radius of steel pipe

α 6.42 deg⋅:= Degree of angle change

LCURVE RTENDON α⋅:= LCURVE 1.12 ft⋅=

 Tendon Pullout Reinforcement

PJACK %JACK fpu Astrand⋅ Nstrand⋅( )⋅:= PJACK 527 kip⋅=

PJACK_HOR PJACK cos α( )⋅:= PJACK_HOR 524 kip⋅=

PJACK_VER PJACK sin α( )⋅:= PJACK_VER 59 kip⋅=

wRADIAL
PJACK

RTENDON
:=

As_reqd
wRADIAL LCURVE⋅

fsallDT
:= As_reqd 1.97 in2⋅= Steel Required per Tendon

As_prov 4 A5⋅ 2⋅:= As_prov 2.48 in2⋅= Steel Supplied per Tendon 
(4-#5 hat bars distributed 
between PT and PC)

Check1 if As_prov As_reqd≥ "OK", "NG", ( ):= Check1 "OK"=
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FIU Pedestrian Bridge
2262.03

Superstructure Design

Designed:  ENH
Checked:  ____

10/3/2016
Page 1 of 1

Canopy End Diaphragm - Type 2 & 3 - General Zone Reinforcement (12k6 Tendon)

 Parameters

fsallDT 30 ksi Allowable mild steel stress for direct tension per FIGG
Design Directive No. 26

fy 60ksi Specified yield strength of reinforcement

 Burs ng Reinforcement (AASHTO LRFD 5.10.9.6.3)

By inspection, service load case will govern.

See refined RISA-3D analysis for
calculation of tensile force ahead
of anchorage device

Tburst 128kip Tburst 128 kip

Asb_reqd
Tburst
fsallDT

 Asb_reqd 4.27 in2 Steel Required per Tendon

Asb_prov 4 A9 A5 Asb_prov 4.31 in2 Steel Supplied per Tendon
(4-#9 bars & 1-#5 bar located at
exit face of diaphragm)

Check2 if Asb_prov Asb_reqd "OK" "NG"  Check2 "OK"
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Project:  FIU Pedestrian Bridge

Project No.: 2262.03

Transverse Mild Reinforcement

Designed: ENH

Checked: ____

10/3/2016

CANOPY END DIAPHRAGM
ULTIMATE MOMENT - CHECK NEGATIVE MOMENT AT ROOT OF CANTILEVER
______________________________________________________________________________________________

 MATERIAL PROPERTIES  SECTION PROPERTIES k 1000 lbf

fc 8.5 ksi h 27 in Height of section

fy 60 ksi b 36 in Width of section

dbar 0.625 in Bar diameter (#5)
A's 1 in2



cov 2.25 in 1.128in Clear cover

c cov 0.5 dbar 3.69 in Cover to center of bar

Sx
b h2


6
2.53 ft3 Section modulus

______________________________________________________________________________________________

 BENDING MOMENTS

MDC 37.36 k ft Dead Load Moment

MLL 1.76 k ft Live Load Moment

MPT 0 k ft Assume no PT Moment

FPRIM 0 k (enter positive)

MPRIM 0 k ft (enter positive)

Mu1 1.25 MDC 1.75 MLL MPT Mu1 50 k ft Ultimate Design Moment (Strength I)

Mu2 0.9 MDC 1.75 MLL MPT Mu2 37 k ft

Mu max Mu1 Mu2  Mu 50 k ft
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Project:  FIU Pedestrian Bridge

Project No.: 2262.03

Transverse Mild Reinforcement

Designed: ENH

Checked: ____

10/3/2016

 MINIMUM REINFORCEMENT CHECK (AASHTO LRFD 5.7.3.3.2)

fr 0.24
fc
ksi

 ksi fr 0.700 ksi Modulus of Rupture

fcpe
FPRIM

h b

MPRIM
Sx

 fcpe 0.000 ksi Compressive stress from PT

γ1 1.6 Flexural cracking variability factor

γ2 1.1 Prestress variability factor

γ3 0.67 Yield/Ultimate ratio factor

Mu3 1.33 Mu Mu3 66 k ft

Mu4 γ3 γ1 fr γ2 fcpe  Sx Mu4 273 k ft

Mu.min max min Mu3 Mu4  Mu  Mu.min 66 k ft

CHECK1 "OK" Mu Mu.minif

"DESIGN FOR MIN. REQUIREMENT" otherwise


CHECK1 "DESIGN FOR MIN. REQUIREMENT"

______________________________________________________________________________________________

 TRANSVERSE MILD REINFORCEMENT DESIGN (TOP OF SECTION)

ϕ 0.9

d h c 23.31 in

a As 
As fy

0.85 fc b


ϕMn As  ϕ As fy d
a As 

2












As root Mu.min ϕMn A's  A's 0.0 in2
 10 in2





 As 0.63 in2



Try 4-#5:

As_prov 4 0.31 in2 1.24 in2


CHECK2 "OK" As_prov Asif

"NG" otherwise


CHECK2 "OK"
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Pipe Supports 
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FIU
Project No: 2262.03

10/5/2016
Designed: EDL

Checked: MF 

DEFLECTION OF STEEL PIPES (SELFWEIGHT)

Section Properties

do (in) 16
t (in) 1.438

di (in) 13.124

A (in2) 65.79
I (in4) 1760.74

E (ksi) 29000

Simply Supported Fixed Support
Steel Pipe L (ft) Weight (lb/ft) Deflection (in) Deflection (in)

1D 38.09 223.85 0.21 0.04
2D 62.69 223.85 1.52 0.30
3D 88.77 223.85 6.13 1.23
4D 115.53 223.85 17.57 3.51
5D 142.67 223.85 40.86 8.17
1U 37.73 223.85 0.20 0.04
2U 50.84 223.85 0.66 0.13
3U 64.10 223.85 1.67 0.33
4U 77.47 223.85 3.55 0.71
5U 90.92 223.85 6.74 1.35

Notes: 
1.  Steel Pipe 1 - shortest cable, Steel Pipe 5 - longest cable
2.  Length of pipes were measured in CADD.
3.  Weight given in Saginaw manufacturer dimension charts.
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FIU
Project No: 2262.03

10/5/2016
Designed: EDL

Checked: MF

STEEL PIPES

MEMBER STRESSES
EOC

(-) compression

Member Station Result Case

(P/A) @ 
Centroid 
(kips/ft²)

Normal 
Stress @ 
Point 1 

(kips/ft²)

Normal 
Stress @ 
Point 2 

(kips/ft²)

Normal Stress 
@ Point 3 
(kips/ft²)

Normal Stress 
@ Point 4 
(kips/ft²)

501 0 EOC: EOC: Other PT Losses 0.04 21.02 -20.95 -20.95 21.02
501 1 EOC: EOC: Other PT Losses -0.07 -10.61 10.48 10.48 -10.61
501 2 EOC: EOC: Other PT Losses -0.17 20.47 -20.82 -20.82 20.47
502 0 EOC: EOC: Other PT Losses 0.13 13.83 -13.57 -13.57 13.83
502 1 EOC: EOC: Other PT Losses 0.04 -6.87 6.94 6.94 -6.87
502 2 EOC: EOC: Other PT Losses -0.06 13.51 -13.63 -13.63 13.51
503 0 EOC: EOC: Other PT Losses 0.22 8.23 -7.79 -7.79 8.23
503 1 EOC: EOC: Other PT Losses 0.14 -3.91 4.19 4.19 -3.91
503 2 EOC: EOC: Other PT Losses 0.05 7.99 -7.88 -7.88 7.99
504 0 EOC: EOC: Other PT Losses 0.30 4.17 -3.57 -3.57 4.17
504 1 EOC: EOC: Other PT Losses 0.23 -1.74 2.19 2.19 -1.74
504 2 EOC: EOC: Other PT Losses 0.15 3.98 -3.67 -3.67 3.98
505 0 EOC: EOC: Other PT Losses 0.30 1.53 -0.93 -0.93 1.53
505 1 EOC: EOC: Other PT Losses 0.24 -0.39 0.87 0.87 -0.39
505 2 EOC: EOC: Other PT Losses 0.18 1.46 -1.09 -1.09 1.46
601 0 EOC: EOC: Other PT Losses 0.27 7.91 -7.38 -7.38 7.91
601 1 EOC: EOC: Other PT Losses 0.17 -3.57 3.91 3.91 -3.57
601 2 EOC: EOC: Other PT Losses 0.06 7.40 -7.27 -7.27 7.40
602 0 EOC: EOC: Other PT Losses 0.28 5.85 -5.29 -5.29 5.85
602 1 EOC: EOC: Other PT Losses 0.19 -2.51 2.88 2.88 -2.51
602 2 EOC: EOC: Other PT Losses 0.10 5.42 -5.23 -5.23 5.42
603 0 EOC: EOC: Other PT Losses 0.23 4.04 -3.59 -3.59 4.04
603 1 EOC: EOC: Other PT Losses 0.15 -1.69 1.98 1.98 -1.69
603 2 EOC: EOC: Other PT Losses 0.07 3.68 -3.55 -3.55 3.68
604 0 EOC: EOC: Other PT Losses 0.17 2.55 -2.22 -2.22 2.55
604 1 EOC: EOC: Other PT Losses 0.10 -1.05 1.24 1.24 -1.05
604 2 EOC: EOC: Other PT Losses 0.03 2.28 -2.23 -2.23 2.28
605 0 EOC: EOC: Other PT Losses 0.11 1.39 -1.17 -1.17 1.39
605 1 EOC: EOC: Other PT Losses 0.05 -0.56 0.67 0.67 -0.56
605 2 EOC: EOC: Other PT Losses -0.01 1.21 -1.23 -1.23 1.21

SELWEIGHT (DC) 

Member Stress_Steel Pipes_Staged Construction.xlsx Page 98 of 397



FIU
Project No: 2262.03

10/5/2016
Designed: EDL

Checked: MF

STEEL PIPES

MEMBER STRESSES
EOC

(-) compression

Member Station Result Case
501 0 EOC: EOC: Other PT Losses
501 1 EOC: EOC: Other PT Losses
501 2 EOC: EOC: Other PT Losses
502 0 EOC: EOC: Other PT Losses
502 1 EOC: EOC: Other PT Losses
502 2 EOC: EOC: Other PT Losses
503 0 EOC: EOC: Other PT Losses
503 1 EOC: EOC: Other PT Losses
503 2 EOC: EOC: Other PT Losses
504 0 EOC: EOC: Other PT Losses
504 1 EOC: EOC: Other PT Losses
504 2 EOC: EOC: Other PT Losses
505 0 EOC: EOC: Other PT Losses
505 1 EOC: EOC: Other PT Losses
505 2 EOC: EOC: Other PT Losses
601 0 EOC: EOC: Other PT Losses
601 1 EOC: EOC: Other PT Losses
601 2 EOC: EOC: Other PT Losses
602 0 EOC: EOC: Other PT Losses
602 1 EOC: EOC: Other PT Losses
602 2 EOC: EOC: Other PT Losses
603 0 EOC: EOC: Other PT Losses
603 1 EOC: EOC: Other PT Losses
603 2 EOC: EOC: Other PT Losses
604 0 EOC: EOC: Other PT Losses
604 1 EOC: EOC: Other PT Losses
604 2 EOC: EOC: Other PT Losses
605 0 EOC: EOC: Other PT Losses
605 1 EOC: EOC: Other PT Losses
605 2 EOC: EOC: Other PT Losses

(P/A) @ 
Centroid 
(kips/ft²)

Normal 
Stress @ 
Point 1 

(kips/ft²)

Normal Stress 
@ Point 2 
(kips/ft²)

Normal Stress 
@ Point 3 
(kips/ft²)

Normal 
Stress @ 
Point 4 

(kips/ft²)
0.02 0.05 -0.01 -0.01 0.05
0.02 0.02 0.02 0.02 0.02
0.02 -0.02 0.05 0.05 -0.02
0.10 0.13 0.06 0.06 0.13
0.10 0.10 0.09 0.09 0.10
0.10 0.07 0.13 0.13 0.07
0.14 0.17 0.11 0.11 0.17
0.14 0.15 0.13 0.13 0.15
0.14 0.12 0.16 0.16 0.12
0.17 0.20 0.14 0.14 0.20
0.17 0.17 0.16 0.16 0.17
0.17 0.15 0.18 0.18 0.15
0.19 0.20 0.17 0.17 0.20
0.19 0.20 0.18 0.18 0.20
0.19 0.20 0.18 0.18 0.20
0.08 0.06 0.11 0.11 0.06
0.08 0.08 0.09 0.09 0.08
0.08 0.10 0.06 0.06 0.10
0.11 0.07 0.14 0.14 0.07
0.11 0.10 0.11 0.11 0.10
0.11 0.13 0.08 0.08 0.13
0.13 0.10 0.16 0.16 0.10
0.13 0.13 0.13 0.13 0.13
0.13 0.15 0.11 0.11 0.15
0.15 0.13 0.18 0.18 0.13
0.15 0.15 0.15 0.15 0.15
0.15 0.18 0.13 0.13 0.18
0.13 0.11 0.16 0.16 0.11
0.13 0.14 0.13 0.13 0.14
0.13 0.17 0.10 0.10 0.17

NONSTRUCTURAL COMPONENTS (DC)
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FIU
Project No: 2262.03

10/5/2016
Designed: EDL

Checked: MF

STEEL PIPES

MEMBER STRESSES
EOC

(-) compression

Member Station Result Case
501 0 EOC: EOC: Other PT Losses
501 1 EOC: EOC: Other PT Losses
501 2 EOC: EOC: Other PT Losses
502 0 EOC: EOC: Other PT Losses
502 1 EOC: EOC: Other PT Losses
502 2 EOC: EOC: Other PT Losses
503 0 EOC: EOC: Other PT Losses
503 1 EOC: EOC: Other PT Losses
503 2 EOC: EOC: Other PT Losses
504 0 EOC: EOC: Other PT Losses
504 1 EOC: EOC: Other PT Losses
504 2 EOC: EOC: Other PT Losses
505 0 EOC: EOC: Other PT Losses
505 1 EOC: EOC: Other PT Losses
505 2 EOC: EOC: Other PT Losses
601 0 EOC: EOC: Other PT Losses
601 1 EOC: EOC: Other PT Losses
601 2 EOC: EOC: Other PT Losses
602 0 EOC: EOC: Other PT Losses
602 1 EOC: EOC: Other PT Losses
602 2 EOC: EOC: Other PT Losses
603 0 EOC: EOC: Other PT Losses
603 1 EOC: EOC: Other PT Losses
603 2 EOC: EOC: Other PT Losses
604 0 EOC: EOC: Other PT Losses
604 1 EOC: EOC: Other PT Losses
604 2 EOC: EOC: Other PT Losses
605 0 EOC: EOC: Other PT Losses
605 1 EOC: EOC: Other PT Losses
605 2 EOC: EOC: Other PT Losses

(P/A) @ 
Centroid 
(kips/ft²)

Normal 
Stress @ 
Point 1 

(kips/ft²)

Normal 
Stress @ 
Point 2 

(kips/ft²)

Normal 
Stress @ 
Point 3 

(kips/ft²)

Normal 
Stress @ 
Point 4 

(kips/ft²)
-0.95 -0.66 -1.24 -1.24 -0.66
-0.95 -1.03 -0.86 -0.86 -1.03
-0.95 -1.41 -0.48 -0.48 -1.41
0.09 0.37 -0.19 -0.19 0.37
0.09 0.07 0.11 0.11 0.07
0.09 -0.23 0.41 0.41 -0.23
0.67 0.93 0.41 0.41 0.93
0.67 0.71 0.64 0.64 0.71
0.67 0.48 0.86 0.86 0.48
1.01 1.27 0.74 0.74 1.27
1.01 1.06 0.95 0.95 1.06
1.01 0.86 1.15 1.15 0.86
1.32 1.46 1.18 1.18 1.46
1.32 1.44 1.20 1.20 1.44
1.32 1.42 1.21 1.22 1.42
-0.83 -0.62 -1.03 -1.03 -0.62
-0.83 -0.88 -0.77 -0.78 -0.88
-0.83 -1.14 -0.51 -0.52 -1.14
0.02 0.18 -0.15 -0.15 0.18
0.02 -0.02 0.06 0.06 -0.02
0.02 -0.22 0.26 0.26 -0.22
0.66 0.77 0.56 0.56 0.77
0.66 0.65 0.68 0.68 0.65
0.66 0.54 0.79 0.79 0.54
1.15 1.18 1.11 1.11 1.18
1.15 1.17 1.12 1.12 1.17
1.15 1.17 1.13 1.13 1.17
1.13 1.09 1.16 1.16 1.09
1.13 1.18 1.07 1.07 1.18
1.13 1.27 0.98 0.98 1.27

CREEP (CR)
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FIU
Project No: 2262.03

10/5/2016
Designed: EDL

Checked: MF

STEEL PIPES

MEMBER STRESSES
EOC

(-) compression

Member Station Result Case
501 0 EOC: EOC: Other PT Losses
501 1 EOC: EOC: Other PT Losses
501 2 EOC: EOC: Other PT Losses
502 0 EOC: EOC: Other PT Losses
502 1 EOC: EOC: Other PT Losses
502 2 EOC: EOC: Other PT Losses
503 0 EOC: EOC: Other PT Losses
503 1 EOC: EOC: Other PT Losses
503 2 EOC: EOC: Other PT Losses
504 0 EOC: EOC: Other PT Losses
504 1 EOC: EOC: Other PT Losses
504 2 EOC: EOC: Other PT Losses
505 0 EOC: EOC: Other PT Losses
505 1 EOC: EOC: Other PT Losses
505 2 EOC: EOC: Other PT Losses
601 0 EOC: EOC: Other PT Losses
601 1 EOC: EOC: Other PT Losses
601 2 EOC: EOC: Other PT Losses
602 0 EOC: EOC: Other PT Losses
602 1 EOC: EOC: Other PT Losses
602 2 EOC: EOC: Other PT Losses
603 0 EOC: EOC: Other PT Losses
603 1 EOC: EOC: Other PT Losses
603 2 EOC: EOC: Other PT Losses
604 0 EOC: EOC: Other PT Losses
604 1 EOC: EOC: Other PT Losses
604 2 EOC: EOC: Other PT Losses
605 0 EOC: EOC: Other PT Losses
605 1 EOC: EOC: Other PT Losses
605 2 EOC: EOC: Other PT Losses

(P/A) @ 
Centroid 
(kips/ft²)

Normal 
Stress @ 
Point 1 

(kips/ft²)

Normal 
Stress @ 
Point 2 

(kips/ft²)

Normal 
Stress @ 
Point 3 

(kips/ft²)

Normal 
Stress @ 
Point 4 

(kips/ft²)
-0.53 -0.50 -0.56 -0.56 -0.50
-0.53 -0.53 -0.52 -0.52 -0.53
-0.53 -0.57 -0.49 -0.49 -0.57
-0.34 -0.30 -0.37 -0.37 -0.30
-0.34 -0.33 -0.34 -0.34 -0.33
-0.34 -0.37 -0.31 -0.31 -0.37
-0.17 -0.14 -0.20 -0.20 -0.14
-0.17 -0.17 -0.18 -0.18 -0.17
-0.17 -0.19 -0.16 -0.16 -0.19
0.01 0.05 -0.04 -0.04 0.05
0.01 0.02 0.00 0.00 0.02
0.01 -0.02 0.03 0.03 -0.02
0.21 0.24 0.18 0.18 0.24
0.21 0.23 0.19 0.19 0.23
0.21 0.23 0.19 0.19 0.23

-0.62 -0.56 -0.69 -0.69 -0.56
-0.62 -0.63 -0.61 -0.61 -0.63
-0.62 -0.71 -0.53 -0.53 -0.71
-0.38 -0.32 -0.45 -0.45 -0.32
-0.38 -0.39 -0.38 -0.38 -0.39
-0.38 -0.46 -0.31 -0.31 -0.46
-0.19 -0.13 -0.26 -0.26 -0.13
-0.19 -0.19 -0.20 -0.20 -0.19
-0.19 -0.25 -0.13 -0.13 -0.25
-0.01 0.07 -0.08 -0.08 0.07
-0.01 0.00 -0.01 -0.01 0.00
-0.01 -0.07 0.06 0.06 -0.07
0.25 0.31 0.19 0.19 0.31
0.25 0.27 0.23 0.23 0.27
0.25 0.23 0.27 0.27 0.23

SHRINKAGE (SH)
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FIU
Project No: 2262.03

10/5/2016
Designed: EDL

Checked: MF

STEEL PIPES

MEMBER STRESSES
EOC

(-) compression

Member Station Result Case
501 0 EOC: EOC: Other PT Losses
501 1 EOC: EOC: Other PT Losses
501 2 EOC: EOC: Other PT Losses
502 0 EOC: EOC: Other PT Losses
502 1 EOC: EOC: Other PT Losses
502 2 EOC: EOC: Other PT Losses
503 0 EOC: EOC: Other PT Losses
503 1 EOC: EOC: Other PT Losses
503 2 EOC: EOC: Other PT Losses
504 0 EOC: EOC: Other PT Losses
504 1 EOC: EOC: Other PT Losses
504 2 EOC: EOC: Other PT Losses
505 0 EOC: EOC: Other PT Losses
505 1 EOC: EOC: Other PT Losses
505 2 EOC: EOC: Other PT Losses
601 0 EOC: EOC: Other PT Losses
601 1 EOC: EOC: Other PT Losses
601 2 EOC: EOC: Other PT Losses
602 0 EOC: EOC: Other PT Losses
602 1 EOC: EOC: Other PT Losses
602 2 EOC: EOC: Other PT Losses
603 0 EOC: EOC: Other PT Losses
603 1 EOC: EOC: Other PT Losses
603 2 EOC: EOC: Other PT Losses
604 0 EOC: EOC: Other PT Losses
604 1 EOC: EOC: Other PT Losses
604 2 EOC: EOC: Other PT Losses
605 0 EOC: EOC: Other PT Losses
605 1 EOC: EOC: Other PT Losses
605 2 EOC: EOC: Other PT Losses

(P/A) @ 
Centroid 
(kips/ft²)

Normal 
Stress @ 
Point 1 

(kips/ft²)

Normal 
Stress @ 
Point 2 

(kips/ft²)

Normal 
Stress @ 
Point 3 

(kips/ft²)

Normal 
Stress @ 
Point 4 

(kips/ft²)
0.04 0.10 -0.02 -0.02 0.10
0.04 0.03 0.04 0.04 0.03
0.04 -0.03 0.10 0.10 -0.03
0.18 0.25 0.12 0.12 0.25
0.18 0.19 0.18 0.18 0.19
0.18 0.13 0.24 0.24 0.13
0.26 0.32 0.20 0.20 0.32
0.26 0.27 0.25 0.25 0.27
0.26 0.23 0.30 0.30 0.23
0.31 0.37 0.26 0.26 0.37
0.31 0.32 0.30 0.30 0.32
0.31 0.28 0.34 0.34 0.28
0.35 0.37 0.33 0.33 0.37
0.35 0.37 0.33 0.33 0.37
0.35 0.37 0.34 0.34 0.37
0.15 0.11 0.20 0.20 0.11
0.15 0.15 0.16 0.16 0.15
0.15 0.19 0.12 0.12 0.19
0.21 0.15 0.26 0.26 0.15
0.21 0.20 0.21 0.21 0.20
0.21 0.25 0.16 0.16 0.25
0.25 0.20 0.30 0.30 0.20
0.25 0.24 0.25 0.25 0.24
0.25 0.29 0.21 0.21 0.29
0.29 0.24 0.33 0.33 0.24
0.29 0.29 0.29 0.29 0.29
0.29 0.33 0.24 0.24 0.33
0.25 0.21 0.30 0.30 0.21
0.25 0.26 0.25 0.25 0.26
0.25 0.32 0.19 0.19 0.32

UTILITIES (DW)
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FIU
Project No: 2262.03

10/5/2016
Designed: EDL

Checked: MF

STEEL PIPES

MEMBER STRESSES
EOC

(-) compression

Member Station Result Case
501 0 EOC: EOC: Other PT Losses
501 1 EOC: EOC: Other PT Losses
501 2 EOC: EOC: Other PT Losses
502 0 EOC: EOC: Other PT Losses
502 1 EOC: EOC: Other PT Losses
502 2 EOC: EOC: Other PT Losses
503 0 EOC: EOC: Other PT Losses
503 1 EOC: EOC: Other PT Losses
503 2 EOC: EOC: Other PT Losses
504 0 EOC: EOC: Other PT Losses
504 1 EOC: EOC: Other PT Losses
504 2 EOC: EOC: Other PT Losses
505 0 EOC: EOC: Other PT Losses
505 1 EOC: EOC: Other PT Losses
505 2 EOC: EOC: Other PT Losses
601 0 EOC: EOC: Other PT Losses
601 1 EOC: EOC: Other PT Losses
601 2 EOC: EOC: Other PT Losses
602 0 EOC: EOC: Other PT Losses
602 1 EOC: EOC: Other PT Losses
602 2 EOC: EOC: Other PT Losses
603 0 EOC: EOC: Other PT Losses
603 1 EOC: EOC: Other PT Losses
603 2 EOC: EOC: Other PT Losses
604 0 EOC: EOC: Other PT Losses
604 1 EOC: EOC: Other PT Losses
604 2 EOC: EOC: Other PT Losses
605 0 EOC: EOC: Other PT Losses
605 1 EOC: EOC: Other PT Losses
605 2 EOC: EOC: Other PT Losses

(P/A) @ 
Centroid 
(kips/ft²)

Normal 
Stress @ 
Point 1 

(kips/ft²)

Normal 
Stress @ 
Point 2 

(kips/ft²)

Normal 
Stress @ 
Point 3 

(kips/ft²)

Normal 
Stress @ 
Point 4 

(kips/ft²)
0.13 0.35 -0.09 -0.09 0.35
0.13 0.12 0.14 0.14 0.12
0.13 -0.11 0.37 0.37 -0.11
0.67 0.91 0.43 0.43 0.91
0.67 0.69 0.66 0.66 0.69
0.67 0.46 0.88 0.88 0.46
0.96 1.18 0.75 0.75 1.18
0.96 1.01 0.92 0.92 1.01
0.96 0.83 1.09 1.09 0.83
1.14 1.34 0.94 0.94 1.34
1.14 1.18 1.10 1.10 1.18
1.14 1.03 1.25 1.25 1.03
1.28 1.37 1.19 1.19 1.37
1.28 1.35 1.21 1.21 1.35
1.28 1.34 1.23 1.23 1.34
0.56 0.39 0.74 0.73 0.39
0.56 0.54 0.59 0.59 0.54
0.56 0.68 0.45 0.45 0.68
0.75 0.55 0.95 0.95 0.55
0.75 0.73 0.77 0.77 0.73
0.75 0.91 0.59 0.59 0.91
0.91 0.72 1.10 1.10 0.72
0.91 0.89 0.93 0.93 0.89
0.91 1.07 0.76 0.76 1.07
1.06 0.89 1.22 1.22 0.89
1.06 1.06 1.06 1.06 1.06
1.06 1.22 0.89 0.89 1.22
0.93 0.77 1.09 1.09 0.77
0.93 0.96 0.90 0.90 0.96
0.93 1.16 0.71 0.71 1.16

LIVE LOAD ON FULL LENGTH OF BRIDGE (LL1)
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FIU
Project No: 2262.03

10/5/2016
Designed: EDL

Checked: MF

STEEL PIPES

MEMBER STRESSES
EOC

(-) compression

Member Station Result Case
501 0 EOC: EOC: Other PT Losses
501 1 EOC: EOC: Other PT Losses
501 2 EOC: EOC: Other PT Losses
502 0 EOC: EOC: Other PT Losses
502 1 EOC: EOC: Other PT Losses
502 2 EOC: EOC: Other PT Losses
503 0 EOC: EOC: Other PT Losses
503 1 EOC: EOC: Other PT Losses
503 2 EOC: EOC: Other PT Losses
504 0 EOC: EOC: Other PT Losses
504 1 EOC: EOC: Other PT Losses
504 2 EOC: EOC: Other PT Losses
505 0 EOC: EOC: Other PT Losses
505 1 EOC: EOC: Other PT Losses
505 2 EOC: EOC: Other PT Losses
601 0 EOC: EOC: Other PT Losses
601 1 EOC: EOC: Other PT Losses
601 2 EOC: EOC: Other PT Losses
602 0 EOC: EOC: Other PT Losses
602 1 EOC: EOC: Other PT Losses
602 2 EOC: EOC: Other PT Losses
603 0 EOC: EOC: Other PT Losses
603 1 EOC: EOC: Other PT Losses
603 2 EOC: EOC: Other PT Losses
604 0 EOC: EOC: Other PT Losses
604 1 EOC: EOC: Other PT Losses
604 2 EOC: EOC: Other PT Losses
605 0 EOC: EOC: Other PT Losses
605 1 EOC: EOC: Other PT Losses
605 2 EOC: EOC: Other PT Losses

(P/A) @ 
Centroid 
(kips/ft²)

Normal 
Stress @ 
Point 1 

(kips/ft²)

Normal 
Stress @ 
Point 2 

(kips/ft²)

Normal 
Stress @ 
Point 3 

(kips/ft²)

Normal 
Stress @ 
Point 4 

(kips/ft²)
-0.06 0.23 -0.35 -0.35 0.23
-0.06 -0.06 -0.05 -0.05 -0.06
-0.06 -0.36 0.24 0.24 -0.36
0.48 0.81 0.16 0.16 0.81
0.48 0.51 0.46 0.46 0.51
0.48 0.20 0.76 0.76 0.20
0.75 1.06 0.45 0.45 1.06
0.75 0.81 0.70 0.70 0.81
0.75 0.55 0.96 0.96 0.55
0.93 1.22 0.64 0.64 1.22
0.93 0.98 0.88 0.88 0.98
0.93 0.75 1.11 1.11 0.75
1.18 1.34 1.02 1.02 1.34
1.18 1.26 1.11 1.11 1.26
1.18 1.17 1.19 1.19 1.17
0.54 0.23 0.85 0.85 0.23
0.54 0.51 0.57 0.57 0.51
0.54 0.79 0.28 0.29 0.79
0.57 0.19 0.94 0.94 0.19
0.57 0.54 0.59 0.60 0.54
0.57 0.88 0.25 0.25 0.88
0.61 0.25 0.98 0.98 0.25
0.61 0.58 0.65 0.65 0.58
0.61 0.91 0.31 0.31 0.92
0.63 0.32 0.94 0.94 0.32
0.63 0.61 0.65 0.65 0.61
0.63 0.90 0.36 0.36 0.90
0.53 0.31 0.74 0.74 0.31
0.53 0.52 0.53 0.53 0.52
0.53 0.74 0.31 0.31 0.74

LIVE LOAD ON MAIN SPAN (LL2)
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FIU
Project No: 2262.03

10/5/2016
Designed: EDL

Checked: MF

STEEL PIPES

MEMBER STRESSES
EOC

(-) compression

Member Station Result Case
501 0 EOC: EOC: Other PT Losses
501 1 EOC: EOC: Other PT Losses
501 2 EOC: EOC: Other PT Losses
502 0 EOC: EOC: Other PT Losses
502 1 EOC: EOC: Other PT Losses
502 2 EOC: EOC: Other PT Losses
503 0 EOC: EOC: Other PT Losses
503 1 EOC: EOC: Other PT Losses
503 2 EOC: EOC: Other PT Losses
504 0 EOC: EOC: Other PT Losses
504 1 EOC: EOC: Other PT Losses
504 2 EOC: EOC: Other PT Losses
505 0 EOC: EOC: Other PT Losses
505 1 EOC: EOC: Other PT Losses
505 2 EOC: EOC: Other PT Losses
601 0 EOC: EOC: Other PT Losses
601 1 EOC: EOC: Other PT Losses
601 2 EOC: EOC: Other PT Losses
602 0 EOC: EOC: Other PT Losses
602 1 EOC: EOC: Other PT Losses
602 2 EOC: EOC: Other PT Losses
603 0 EOC: EOC: Other PT Losses
603 1 EOC: EOC: Other PT Losses
603 2 EOC: EOC: Other PT Losses
604 0 EOC: EOC: Other PT Losses
604 1 EOC: EOC: Other PT Losses
604 2 EOC: EOC: Other PT Losses
605 0 EOC: EOC: Other PT Losses
605 1 EOC: EOC: Other PT Losses
605 2 EOC: EOC: Other PT Losses

(P/A) @ 
Centroid 
(kips/ft²)

Normal 
Stress @ 
Point 1 

(kips/ft²)

Normal 
Stress @ 
Point 2 

(kips/ft²)

Normal 
Stress @ 
Point 3 

(kips/ft²)

Normal 
Stress @ 
Point 4 

(kips/ft²)
0.19 0.12 0.26 0.26 0.12
0.19 0.18 0.20 0.20 0.19
0.19 0.25 0.13 0.13 0.25
0.19 0.10 0.28 0.28 0.10
0.19 0.18 0.20 0.20 0.18
0.19 0.26 0.12 0.12 0.26
0.21 0.11 0.30 0.30 0.11
0.21 0.20 0.22 0.22 0.20
0.21 0.28 0.13 0.13 0.28
0.21 0.13 0.30 0.30 0.13
0.21 0.20 0.22 0.22 0.20
0.21 0.28 0.14 0.14 0.28
0.10 0.03 0.17 0.17 0.03
0.10 0.10 0.10 0.10 0.10
0.10 0.16 0.04 0.04 0.16
0.03 0.17 -0.12 -0.12 0.17
0.03 0.03 0.02 0.02 0.03
0.03 -0.11 0.16 0.16 -0.11
0.18 0.36 0.01 0.01 0.36
0.18 0.19 0.18 0.18 0.19
0.18 0.03 0.34 0.34 0.03
0.30 0.47 0.13 0.13 0.47
0.30 0.31 0.28 0.28 0.31
0.30 0.15 0.44 0.44 0.15
0.43 0.57 0.28 0.28 0.57
0.43 0.44 0.41 0.41 0.44
0.43 0.32 0.53 0.53 0.32
0.41 0.46 0.35 0.35 0.46
0.41 0.44 0.37 0.37 0.44
0.41 0.42 0.40 0.40 0.42

LIVE LOAD ON BACK SPAN (LL3)
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FIU
Project No: 2262.03

10/5/2016
Designed: EDL

Checked: MF

STEEL PIPES

MEMBER STRESSES
EOC

(-) compression

Member Station Result Case
501 0 EOC: EOC: Other PT Losses
501 1 EOC: EOC: Other PT Losses
501 2 EOC: EOC: Other PT Losses
502 0 EOC: EOC: Other PT Losses
502 1 EOC: EOC: Other PT Losses
502 2 EOC: EOC: Other PT Losses
503 0 EOC: EOC: Other PT Losses
503 1 EOC: EOC: Other PT Losses
503 2 EOC: EOC: Other PT Losses
504 0 EOC: EOC: Other PT Losses
504 1 EOC: EOC: Other PT Losses
504 2 EOC: EOC: Other PT Losses
505 0 EOC: EOC: Other PT Losses
505 1 EOC: EOC: Other PT Losses
505 2 EOC: EOC: Other PT Losses
601 0 EOC: EOC: Other PT Losses
601 1 EOC: EOC: Other PT Losses
601 2 EOC: EOC: Other PT Losses
602 0 EOC: EOC: Other PT Losses
602 1 EOC: EOC: Other PT Losses
602 2 EOC: EOC: Other PT Losses
603 0 EOC: EOC: Other PT Losses
603 1 EOC: EOC: Other PT Losses
603 2 EOC: EOC: Other PT Losses
604 0 EOC: EOC: Other PT Losses
604 1 EOC: EOC: Other PT Losses
604 2 EOC: EOC: Other PT Losses
605 0 EOC: EOC: Other PT Losses
605 1 EOC: EOC: Other PT Losses
605 2 EOC: EOC: Other PT Losses

(P/A) @ 
Centroid 
(kips/ft²)

Normal 
Stress @ 
Point 1 

(kips/ft²)

Normal 
Stress @ 
Point 2 

(kips/ft²)

Normal 
Stress @ 
Point 3 

(kips/ft²)

Normal 
Stress @ 
Point 4 

(kips/ft²)
-1.03 -1.02 -1.03 -1.03 -1.02
-1.03 -1.05 -1.00 -1.00 -1.05
-1.03 -1.07 -0.98 -0.98 -1.07
-0.51 -0.50 -0.52 -0.52 -0.50
-0.51 -0.52 -0.50 -0.50 -0.52
-0.51 -0.54 -0.47 -0.47 -0.54
0.02 0.01 0.03 0.03 0.01
0.02 0.02 0.02 0.02 0.02
0.02 0.04 0.00 0.00 0.04
0.63 0.64 0.63 0.63 0.64
0.63 0.64 0.63 0.63 0.64
0.63 0.63 0.64 0.64 0.63
0.56 0.38 0.75 0.75 0.38
0.56 0.65 0.48 0.48 0.65
0.56 0.93 0.20 0.20 0.93

-1.08 -1.10 -1.06 -1.06 -1.10
-1.08 -1.11 -1.05 -1.05 -1.11
-1.08 -1.12 -1.04 -1.04 -1.12
-0.60 -0.61 -0.58 -0.58 -0.61
-0.60 -0.62 -0.58 -0.58 -0.62
-0.60 -0.62 -0.58 -0.58 -0.62
-0.14 -0.15 -0.14 -0.14 -0.15
-0.14 -0.14 -0.14 -0.14 -0.14
-0.14 -0.14 -0.14 -0.14 -0.14
0.33 0.40 0.27 0.27 0.40
0.33 0.33 0.34 0.34 0.33
0.33 0.26 0.41 0.41 0.26
1.13 1.11 1.15 1.15 1.11
1.13 1.21 1.05 1.05 1.21
1.13 1.31 0.95 0.95 1.31

TEMPERATURE RISE (TU+)
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FIU
Project No: 2262.03

10/5/2016
Designed: EDL

Checked: MF

STEEL PIPES

MEMBER STRESSES
EOC

(-) compression

Member Station Result Case
501 0 EOC: EOC: Other PT Losses
501 1 EOC: EOC: Other PT Losses
501 2 EOC: EOC: Other PT Losses
502 0 EOC: EOC: Other PT Losses
502 1 EOC: EOC: Other PT Losses
502 2 EOC: EOC: Other PT Losses
503 0 EOC: EOC: Other PT Losses
503 1 EOC: EOC: Other PT Losses
503 2 EOC: EOC: Other PT Losses
504 0 EOC: EOC: Other PT Losses
504 1 EOC: EOC: Other PT Losses
504 2 EOC: EOC: Other PT Losses
505 0 EOC: EOC: Other PT Losses
505 1 EOC: EOC: Other PT Losses
505 2 EOC: EOC: Other PT Losses
601 0 EOC: EOC: Other PT Losses
601 1 EOC: EOC: Other PT Losses
601 2 EOC: EOC: Other PT Losses
602 0 EOC: EOC: Other PT Losses
602 1 EOC: EOC: Other PT Losses
602 2 EOC: EOC: Other PT Losses
603 0 EOC: EOC: Other PT Losses
603 1 EOC: EOC: Other PT Losses
603 2 EOC: EOC: Other PT Losses
604 0 EOC: EOC: Other PT Losses
604 1 EOC: EOC: Other PT Losses
604 2 EOC: EOC: Other PT Losses
605 0 EOC: EOC: Other PT Losses
605 1 EOC: EOC: Other PT Losses
605 2 EOC: EOC: Other PT Losses

(P/A) @ 
Centroid 
(kips/ft²)

Normal 
Stress @ 
Point 1 

(kips/ft²)

Normal 
Stress @ 
Point 2 

(kips/ft²)

Normal 
Stress @ 
Point 3 

(kips/ft²)

Normal 
Stress @ 
Point 4 

(kips/ft²)
1.03 1.02 1.03 1.03 1.02
1.03 1.05 1.00 1.00 1.05
1.03 1.07 0.98 0.98 1.07
0.51 0.50 0.52 0.52 0.50
0.51 0.52 0.50 0.50 0.52
0.51 0.54 0.47 0.47 0.54

-0.02 -0.01 -0.03 -0.03 -0.01
-0.02 -0.02 -0.02 -0.02 -0.02
-0.02 -0.04 0.00 0.00 -0.04
-0.63 -0.64 -0.63 -0.63 -0.64
-0.63 -0.64 -0.63 -0.63 -0.64
-0.63 -0.63 -0.64 -0.64 -0.63
-0.56 -0.38 -0.75 -0.75 -0.38
-0.56 -0.65 -0.48 -0.48 -0.65
-0.56 -0.93 -0.20 -0.20 -0.93
1.08 1.10 1.06 1.06 1.10
1.08 1.11 1.05 1.05 1.11
1.08 1.12 1.04 1.04 1.12
0.60 0.61 0.58 0.58 0.61
0.60 0.62 0.58 0.58 0.62
0.60 0.62 0.58 0.58 0.62
0.14 0.15 0.14 0.14 0.15
0.14 0.14 0.14 0.14 0.14
0.14 0.14 0.14 0.14 0.14

-0.33 -0.40 -0.27 -0.27 -0.40
-0.33 -0.33 -0.34 -0.34 -0.33
-0.33 -0.26 -0.41 -0.41 -0.26
-1.13 -1.11 -1.15 -1.15 -1.11
-1.13 -1.21 -1.05 -1.05 -1.21
-1.13 -1.31 -0.95 -0.95 -1.31

TEMPERATURE FALL (TU-)
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FIU
Project No: 2262.03

10/5/2016
Designed: EDL

Checked: MF

STEEL PIPES

MEMBER STRESSES
EOC

(-) compression

Member Station Result Case
501 0 EOC: EOC: Other PT Losses
501 1 EOC: EOC: Other PT Losses
501 2 EOC: EOC: Other PT Losses
502 0 EOC: EOC: Other PT Losses
502 1 EOC: EOC: Other PT Losses
502 2 EOC: EOC: Other PT Losses
503 0 EOC: EOC: Other PT Losses
503 1 EOC: EOC: Other PT Losses
503 2 EOC: EOC: Other PT Losses
504 0 EOC: EOC: Other PT Losses
504 1 EOC: EOC: Other PT Losses
504 2 EOC: EOC: Other PT Losses
505 0 EOC: EOC: Other PT Losses
505 1 EOC: EOC: Other PT Losses
505 2 EOC: EOC: Other PT Losses
601 0 EOC: EOC: Other PT Losses
601 1 EOC: EOC: Other PT Losses
601 2 EOC: EOC: Other PT Losses
602 0 EOC: EOC: Other PT Losses
602 1 EOC: EOC: Other PT Losses
602 2 EOC: EOC: Other PT Losses
603 0 EOC: EOC: Other PT Losses
603 1 EOC: EOC: Other PT Losses
603 2 EOC: EOC: Other PT Losses
604 0 EOC: EOC: Other PT Losses
604 1 EOC: EOC: Other PT Losses
604 2 EOC: EOC: Other PT Losses
605 0 EOC: EOC: Other PT Losses
605 1 EOC: EOC: Other PT Losses
605 2 EOC: EOC: Other PT Losses

(P/A) @ 
Centroid 
(kips/ft²)

Normal 
Stress @ 
Point 1 

(kips/ft²)

Normal 
Stress @ 
Point 2 

(kips/ft²)

Normal 
Stress @ 
Point 3 

(kips/ft²)

Normal 
Stress @ 
Point 4 

(kips/ft²)
-2.57 -2.48 -2.66 -2.66 -2.48
-2.57 -2.60 -2.55 -2.55 -2.60
-2.57 -2.72 -2.43 -2.43 -2.72
-1.60 -1.49 -1.71 -1.71 -1.49
-1.60 -1.60 -1.59 -1.59 -1.60
-1.60 -1.71 -1.48 -1.48 -1.71
-0.70 -0.61 -0.80 -0.80 -0.61
-0.70 -0.67 -0.73 -0.73 -0.67
-0.70 -0.74 -0.66 -0.66 -0.74
0.25 0.38 0.12 0.12 0.38
0.25 0.29 0.21 0.21 0.29
0.25 0.20 0.31 0.31 0.20
0.47 0.35 0.59 0.59 0.35
0.47 0.63 0.31 0.31 0.63
0.47 0.91 0.03 0.03 0.91

-2.89 -2.84 -2.95 -2.95 -2.84
-2.89 -2.95 -2.83 -2.83 -2.95
-2.89 -3.07 -2.71 -2.71 -3.07
-1.82 -1.76 -1.88 -1.88 -1.76
-1.82 -1.86 -1.78 -1.78 -1.86
-1.82 -1.96 -1.68 -1.68 -1.96
-0.92 -0.88 -0.97 -0.97 -0.88
-0.92 -0.92 -0.92 -0.92 -0.92
-0.92 -0.97 -0.87 -0.87 -0.97
-0.12 -0.01 -0.23 -0.23 -0.01
-0.12 -0.11 -0.12 -0.12 -0.11
-0.12 -0.22 -0.02 -0.02 -0.22
0.94 0.91 0.98 0.98 0.91
0.94 1.07 0.82 0.82 1.07
0.94 1.23 0.66 0.66 1.23

TEMP. RISE + TEMP. DIFF. (TU+ + TEMP. DIFF.)
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FIU
Project No: 2262.03

10/5/2016
Designed: EDL

Checked: MF

STEEL PIPES

MEMBER STRESSES
EOC

(-) compression

Member Station Result Case
501 0 EOC: EOC: Other PT Losses
501 1 EOC: EOC: Other PT Losses
501 2 EOC: EOC: Other PT Losses
502 0 EOC: EOC: Other PT Losses
502 1 EOC: EOC: Other PT Losses
502 2 EOC: EOC: Other PT Losses
503 0 EOC: EOC: Other PT Losses
503 1 EOC: EOC: Other PT Losses
503 2 EOC: EOC: Other PT Losses
504 0 EOC: EOC: Other PT Losses
504 1 EOC: EOC: Other PT Losses
504 2 EOC: EOC: Other PT Losses
505 0 EOC: EOC: Other PT Losses
505 1 EOC: EOC: Other PT Losses
505 2 EOC: EOC: Other PT Losses
601 0 EOC: EOC: Other PT Losses
601 1 EOC: EOC: Other PT Losses
601 2 EOC: EOC: Other PT Losses
602 0 EOC: EOC: Other PT Losses
602 1 EOC: EOC: Other PT Losses
602 2 EOC: EOC: Other PT Losses
603 0 EOC: EOC: Other PT Losses
603 1 EOC: EOC: Other PT Losses
603 2 EOC: EOC: Other PT Losses
604 0 EOC: EOC: Other PT Losses
604 1 EOC: EOC: Other PT Losses
604 2 EOC: EOC: Other PT Losses
605 0 EOC: EOC: Other PT Losses
605 1 EOC: EOC: Other PT Losses
605 2 EOC: EOC: Other PT Losses

fy (ksi) 46
σallow = 0.6*fy = 27.6 ksi

(P/A) @ 
Centroid (ksi)

Normal 
Stress @ 
Point 1 

(ksi)

Normal 
Stress @ 
Point 2 

(ksi)

Normal 
Stress @ 
Point 3 

(ksi)

Normal 
Stress @ 
Point 4 

(ksi)
0 21 -22 -22 21
0 -11 10 10 -11
0 19 -20 -20 19
2 16 -13 -13 16
1 -5 8 8 -5
1 14 -12 -12 14
2 11 -6 -6 11
2 -2 6 6 -2
2 10 -5 -5 10
4 8 -1 -1 8
4 2 6 6 2
4 7 0 0 7
5 6 3 3 6
5 4 5 5 4
4 6 3 3 6
1 9 -7 -7 9
1 -3 5 5 -3
1 8 -7 -7 8
2 7 -4 -4 7
2 -1 4 4 -1
2 7 -4 -4 7
2 6 -1 -1 6
2 0 4 4 0
2 6 -1 -1 6
3 6 1 1 6
3 2 5 5 2
3 6 1 1 6
4 5 3 3 5
4 4 5 5 4
4 6 2 2 6

SERVICE II-CASE A (LL ON FULL LENGTH OF BRIDGE)
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FIU
Project No: 2262.03

10/5/2016
Designed: EDL

Checked: MF

STEEL PIPES

MEMBER STRESSES
EOC

(-) compression

Member Station Result Case
501 0 EOC: EOC: Other PT Losses
501 1 EOC: EOC: Other PT Losses
501 2 EOC: EOC: Other PT Losses
502 0 EOC: EOC: Other PT Losses
502 1 EOC: EOC: Other PT Losses
502 2 EOC: EOC: Other PT Losses
503 0 EOC: EOC: Other PT Losses
503 1 EOC: EOC: Other PT Losses
503 2 EOC: EOC: Other PT Losses
504 0 EOC: EOC: Other PT Losses
504 1 EOC: EOC: Other PT Losses
504 2 EOC: EOC: Other PT Losses
505 0 EOC: EOC: Other PT Losses
505 1 EOC: EOC: Other PT Losses
505 2 EOC: EOC: Other PT Losses
601 0 EOC: EOC: Other PT Losses
601 1 EOC: EOC: Other PT Losses
601 2 EOC: EOC: Other PT Losses
602 0 EOC: EOC: Other PT Losses
602 1 EOC: EOC: Other PT Losses
602 2 EOC: EOC: Other PT Losses
603 0 EOC: EOC: Other PT Losses
603 1 EOC: EOC: Other PT Losses
603 2 EOC: EOC: Other PT Losses
604 0 EOC: EOC: Other PT Losses
604 1 EOC: EOC: Other PT Losses
604 2 EOC: EOC: Other PT Losses
605 0 EOC: EOC: Other PT Losses
605 1 EOC: EOC: Other PT Losses
605 2 EOC: EOC: Other PT Losses

fy (ksi) 46
σallow = 0.6*fy = 27.6 ksi

(P/A) @ 
Centroid (ksi)

Normal 
Stress @ 
Point 1 

(ksi)

Normal 
Stress @ 
Point 2 

(ksi)

Normal 
Stress @ 
Point 3 

(ksi)

Normal 
Stress @ 
Point 4 

(ksi)
0 21 -22 -22 21

-1 -11 10 10 -11
-1 19 -20 -20 19
1 16 -13 -13 16
1 -6 8 8 -6
1 14 -12 -12 14
2 11 -7 -7 11
2 -2 6 6 -2
2 9 -5 -5 9
4 8 -1 -1 8
4 2 5 5 2
3 7 0 0 7
4 6 3 3 6
4 4 5 5 4
4 6 3 3 6
1 8 -7 -7 8
1 -3 5 5 -3
1 8 -7 -7 8
2 7 -4 -4 7
1 -1 4 4 -1
1 7 -4 -4 7
2 5 -1 -1 5
2 0 4 4 0
2 6 -2 -2 6
3 5 1 1 5
3 2 4 4 2
3 5 0 0 5
4 5 3 3 5
4 3 4 4 3
4 5 2 2 5

SERVICE II-CASE B (LL ONLY ON MAIN SPAN)
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FIU
Project No: 2262.03

10/5/2016
Designed: EDL

Checked: MF

STEEL PIPES

MEMBER STRESSES
EOC

(-) compression

Member Station Result Case
501 0 EOC: EOC: Other PT Losses
501 1 EOC: EOC: Other PT Losses
501 2 EOC: EOC: Other PT Losses
502 0 EOC: EOC: Other PT Losses
502 1 EOC: EOC: Other PT Losses
502 2 EOC: EOC: Other PT Losses
503 0 EOC: EOC: Other PT Losses
503 1 EOC: EOC: Other PT Losses
503 2 EOC: EOC: Other PT Losses
504 0 EOC: EOC: Other PT Losses
504 1 EOC: EOC: Other PT Losses
504 2 EOC: EOC: Other PT Losses
505 0 EOC: EOC: Other PT Losses
505 1 EOC: EOC: Other PT Losses
505 2 EOC: EOC: Other PT Losses
601 0 EOC: EOC: Other PT Losses
601 1 EOC: EOC: Other PT Losses
601 2 EOC: EOC: Other PT Losses
602 0 EOC: EOC: Other PT Losses
602 1 EOC: EOC: Other PT Losses
602 2 EOC: EOC: Other PT Losses
603 0 EOC: EOC: Other PT Losses
603 1 EOC: EOC: Other PT Losses
603 2 EOC: EOC: Other PT Losses
604 0 EOC: EOC: Other PT Losses
604 1 EOC: EOC: Other PT Losses
604 2 EOC: EOC: Other PT Losses
605 0 EOC: EOC: Other PT Losses
605 1 EOC: EOC: Other PT Losses
605 2 EOC: EOC: Other PT Losses

fy (ksi) 46
σallow = 0.6*fy = 27.6 ksi

CHECK

(P/A) @ 
Centroid (ksi)

Normal 
Stress @ 
Point 1 

(ksi)

Normal 
Stress @ 
Point 2 

(ksi)

Normal 
Stress @ 
Point 3 

(ksi)

Normal 
Stress @ 
Point 4 

(ksi)

σu <= σallow

0 21 -21 -21 21 OK
0 -11 10 10 -11 OK
0 20 -20 -20 20 OK
1 15 -13 -13 15 OK
1 -6 8 8 -6 OK
1 14 -13 -13 14 OK
1 10 -7 -7 10 OK
1 -3 5 5 -3 OK
1 9 -7 -7 9 OK
3 7 -1 -1 7 OK
3 1 5 5 1 OK
3 6 -1 -1 6 OK
3 4 2 2 4 OK
3 3 3 3 3 OK
3 5 1 1 5 OK
0 8 -8 -8 8 OK
0 -4 4 4 -4 OK
0 7 -7 -7 7 OK
1 7 -5 -5 7 OK
1 -2 4 4 -2 OK
1 6 -4 -4 6 OK
2 6 -3 -3 6 OK
2 0 3 3 0 OK
1 5 -2 -2 5 OK
3 5 0 0 5 OK
3 1 4 4 1 OK
2 5 0 0 5 OK
4 5 2 2 5 OK
3 3 4 4 3 OK
3 5 2 2 5 OK

SERVICE II-CASE C (LL ONLY ON BACK SPAN)
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FIU
Project No: 2262.03

10/5/2016
Designed: EDL

Checked: MF

STEEL PIPES

MEMBER STRESSES
D10K

(-) compression

Member Station Result Case

(P/A) @ 
Centroid 
(kips/ft²)

Normal 
Stress @ 
Point 1 

(kips/ft²)

Normal 
Stress @ 
Point 2 

(kips/ft²)

Normal Stress 
@ Point 3 
(kips/ft²)

Normal Stress 
@ Point 4 
(kips/ft²)

501 0 D10K: D10K: Other PT Losses 0.04 21.02 -20.95 -20.95 21.02
501 1 D10K: D10K: Other PT Losses -0.07 -10.61 10.48 10.48 -10.61
501 2 D10K: D10K: Other PT Losses -0.17 20.47 -20.82 -20.82 20.47
502 0 D10K: D10K: Other PT Losses 0.13 13.83 -13.57 -13.57 13.83
502 1 D10K: D10K: Other PT Losses 0.04 -6.87 6.94 6.94 -6.87
502 2 D10K: D10K: Other PT Losses -0.06 13.51 -13.63 -13.63 13.51
503 0 D10K: D10K: Other PT Losses 0.22 8.23 -7.79 -7.79 8.23
503 1 D10K: D10K: Other PT Losses 0.14 -3.91 4.19 4.19 -3.91
503 2 D10K: D10K: Other PT Losses 0.05 7.99 -7.88 -7.88 7.99
504 0 D10K: D10K: Other PT Losses 0.30 4.17 -3.57 -3.57 4.17
504 1 D10K: D10K: Other PT Losses 0.23 -1.74 2.19 2.19 -1.74
504 2 D10K: D10K: Other PT Losses 0.15 3.98 -3.67 -3.67 3.98
505 0 D10K: D10K: Other PT Losses 0.30 1.53 -0.93 -0.93 1.53
505 1 D10K: D10K: Other PT Losses 0.24 -0.39 0.87 0.87 -0.39
505 2 D10K: D10K: Other PT Losses 0.18 1.46 -1.09 -1.09 1.46
601 0 D10K: D10K: Other PT Losses 0.27 7.91 -7.38 -7.38 7.91
601 1 D10K: D10K: Other PT Losses 0.17 -3.57 3.91 3.91 -3.57
601 2 D10K: D10K: Other PT Losses 0.06 7.40 -7.27 -7.27 7.40
602 0 D10K: D10K: Other PT Losses 0.28 5.85 -5.29 -5.29 5.85
602 1 D10K: D10K: Other PT Losses 0.19 -2.51 2.88 2.88 -2.51
602 2 D10K: D10K: Other PT Losses 0.10 5.42 -5.23 -5.23 5.42
603 0 D10K: D10K: Other PT Losses 0.23 4.04 -3.59 -3.59 4.04
603 1 D10K: D10K: Other PT Losses 0.15 -1.69 1.98 1.98 -1.69
603 2 D10K: D10K: Other PT Losses 0.07 3.68 -3.55 -3.55 3.68
604 0 D10K: D10K: Other PT Losses 0.17 2.55 -2.22 -2.22 2.55
604 1 D10K: D10K: Other PT Losses 0.10 -1.05 1.24 1.24 -1.05
604 2 D10K: D10K: Other PT Losses 0.03 2.28 -2.23 -2.23 2.28
605 0 D10K: D10K: Other PT Losses 0.11 1.39 -1.17 -1.17 1.39
605 1 D10K: D10K: Other PT Losses 0.05 -0.56 0.67 0.67 -0.56
605 2 D10K: D10K: Other PT Losses -0.01 1.21 -1.23 -1.23 1.21

SELWEIGHT (DC) 
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FIU
Project No: 2262.03

10/5/2016
Designed: EDL

Checked: MF

STEEL PIPES

MEMBER STRESSES
D10K

(-) compression

Member Station Result Case
501 0 D10K: D10K: Other PT Losses
501 1 D10K: D10K: Other PT Losses
501 2 D10K: D10K: Other PT Losses
502 0 D10K: D10K: Other PT Losses
502 1 D10K: D10K: Other PT Losses
502 2 D10K: D10K: Other PT Losses
503 0 D10K: D10K: Other PT Losses
503 1 D10K: D10K: Other PT Losses
503 2 D10K: D10K: Other PT Losses
504 0 D10K: D10K: Other PT Losses
504 1 D10K: D10K: Other PT Losses
504 2 D10K: D10K: Other PT Losses
505 0 D10K: D10K: Other PT Losses
505 1 D10K: D10K: Other PT Losses
505 2 D10K: D10K: Other PT Losses
601 0 D10K: D10K: Other PT Losses
601 1 D10K: D10K: Other PT Losses
601 2 D10K: D10K: Other PT Losses
602 0 D10K: D10K: Other PT Losses
602 1 D10K: D10K: Other PT Losses
602 2 D10K: D10K: Other PT Losses
603 0 D10K: D10K: Other PT Losses
603 1 D10K: D10K: Other PT Losses
603 2 D10K: D10K: Other PT Losses
604 0 D10K: D10K: Other PT Losses
604 1 D10K: D10K: Other PT Losses
604 2 D10K: D10K: Other PT Losses
605 0 D10K: D10K: Other PT Losses
605 1 D10K: D10K: Other PT Losses
605 2 D10K: D10K: Other PT Losses

(P/A) @ 
Centroid 
(kips/ft²)

Normal 
Stress @ 
Point 1 

(kips/ft²)

Normal Stress 
@ Point 2 
(kips/ft²)

Normal Stress 
@ Point 3 
(kips/ft²)

Normal 
Stress @ 
Point 4 

(kips/ft²)
0.02 0.05 -0.01 -0.01 0.05
0.02 0.02 0.02 0.02 0.02
0.02 -0.02 0.05 0.05 -0.02
0.10 0.13 0.06 0.06 0.13
0.10 0.10 0.09 0.09 0.10
0.10 0.07 0.13 0.13 0.07
0.14 0.17 0.11 0.11 0.17
0.14 0.15 0.13 0.13 0.15
0.14 0.12 0.16 0.16 0.12
0.17 0.20 0.14 0.14 0.20
0.17 0.17 0.16 0.16 0.17
0.17 0.15 0.18 0.18 0.15
0.19 0.20 0.17 0.17 0.20
0.19 0.20 0.18 0.18 0.20
0.19 0.20 0.18 0.18 0.20
0.08 0.06 0.11 0.11 0.06
0.08 0.08 0.09 0.09 0.08
0.08 0.10 0.06 0.06 0.10
0.11 0.07 0.14 0.14 0.07
0.11 0.10 0.11 0.11 0.10
0.11 0.13 0.08 0.08 0.13
0.13 0.10 0.16 0.16 0.10
0.13 0.13 0.13 0.13 0.13
0.13 0.15 0.11 0.11 0.15
0.15 0.13 0.18 0.18 0.13
0.15 0.15 0.15 0.15 0.15
0.15 0.18 0.13 0.13 0.18
0.13 0.11 0.16 0.16 0.11
0.13 0.14 0.13 0.13 0.14
0.13 0.17 0.10 0.10 0.17

NONSTRUCTURAL COMPONENTS (DC)
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FIU
Project No: 2262.03

10/5/2016
Designed: EDL

Checked: MF

STEEL PIPES

MEMBER STRESSES
D10K

(-) compression

Member Station Result Case
501 0 D10K: D10K: Other PT Losses
501 1 D10K: D10K: Other PT Losses
501 2 D10K: D10K: Other PT Losses
502 0 D10K: D10K: Other PT Losses
502 1 D10K: D10K: Other PT Losses
502 2 D10K: D10K: Other PT Losses
503 0 D10K: D10K: Other PT Losses
503 1 D10K: D10K: Other PT Losses
503 2 D10K: D10K: Other PT Losses
504 0 D10K: D10K: Other PT Losses
504 1 D10K: D10K: Other PT Losses
504 2 D10K: D10K: Other PT Losses
505 0 D10K: D10K: Other PT Losses
505 1 D10K: D10K: Other PT Losses
505 2 D10K: D10K: Other PT Losses
601 0 D10K: D10K: Other PT Losses
601 1 D10K: D10K: Other PT Losses
601 2 D10K: D10K: Other PT Losses
602 0 D10K: D10K: Other PT Losses
602 1 D10K: D10K: Other PT Losses
602 2 D10K: D10K: Other PT Losses
603 0 D10K: D10K: Other PT Losses
603 1 D10K: D10K: Other PT Losses
603 2 D10K: D10K: Other PT Losses
604 0 D10K: D10K: Other PT Losses
604 1 D10K: D10K: Other PT Losses
604 2 D10K: D10K: Other PT Losses
605 0 D10K: D10K: Other PT Losses
605 1 D10K: D10K: Other PT Losses
605 2 D10K: D10K: Other PT Losses

(P/A) @ 
Centroid 
(kips/ft²)

Normal 
Stress @ 
Point 1 

(kips/ft²)

Normal 
Stress @ 
Point 2 

(kips/ft²)

Normal 
Stress @ 
Point 3 

(kips/ft²)

Normal 
Stress @ 
Point 4 

(kips/ft²)
-1.68 -1.00 -2.36 -2.36 -1.00
-1.68 -1.82 -1.54 -1.54 -1.82
-1.68 -2.64 -0.72 -0.72 -2.64
0.55 1.23 -0.12 -0.12 1.23
0.55 0.55 0.55 0.55 0.55
0.55 -0.13 1.23 1.23 -0.13
1.62 2.23 1.02 1.02 2.23
1.62 1.74 1.51 1.51 1.74
1.62 1.25 1.99 2.00 1.25
2.07 2.66 1.47 1.47 2.66
2.07 2.22 1.91 1.91 2.22
2.07 1.79 2.34 2.34 1.79
2.45 2.76 2.14 2.14 2.76
2.45 2.72 2.18 2.18 2.72
2.45 2.68 2.21 2.21 2.69
-1.34 -1.08 -1.61 -1.61 -1.08
-1.34 -1.46 -1.22 -1.22 -1.46
-1.34 -1.85 -0.83 -0.83 -1.85
0.44 0.60 0.29 0.29 0.60
0.44 0.36 0.53 0.52 0.36
0.44 0.13 0.76 0.76 0.12
1.60 1.63 1.57 1.57 1.63
1.60 1.58 1.62 1.62 1.58
1.60 1.54 1.66 1.66 1.54
2.29 2.20 2.38 2.38 2.20
2.29 2.35 2.23 2.23 2.35
2.29 2.51 2.08 2.08 2.50
1.95 1.79 2.12 2.12 1.79
1.95 2.06 1.85 1.85 2.06
1.95 2.33 1.58 1.57 2.33

CREEP (CR)
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FIU
Project No: 2262.03

10/5/2016
Designed: EDL

Checked: MF

STEEL PIPES

MEMBER STRESSES
D10K

(-) compression

Member Station Result Case
501 0 D10K: D10K: Other PT Losses
501 1 D10K: D10K: Other PT Losses
501 2 D10K: D10K: Other PT Losses
502 0 D10K: D10K: Other PT Losses
502 1 D10K: D10K: Other PT Losses
502 2 D10K: D10K: Other PT Losses
503 0 D10K: D10K: Other PT Losses
503 1 D10K: D10K: Other PT Losses
503 2 D10K: D10K: Other PT Losses
504 0 D10K: D10K: Other PT Losses
504 1 D10K: D10K: Other PT Losses
504 2 D10K: D10K: Other PT Losses
505 0 D10K: D10K: Other PT Losses
505 1 D10K: D10K: Other PT Losses
505 2 D10K: D10K: Other PT Losses
601 0 D10K: D10K: Other PT Losses
601 1 D10K: D10K: Other PT Losses
601 2 D10K: D10K: Other PT Losses
602 0 D10K: D10K: Other PT Losses
602 1 D10K: D10K: Other PT Losses
602 2 D10K: D10K: Other PT Losses
603 0 D10K: D10K: Other PT Losses
603 1 D10K: D10K: Other PT Losses
603 2 D10K: D10K: Other PT Losses
604 0 D10K: D10K: Other PT Losses
604 1 D10K: D10K: Other PT Losses
604 2 D10K: D10K: Other PT Losses
605 0 D10K: D10K: Other PT Losses
605 1 D10K: D10K: Other PT Losses
605 2 D10K: D10K: Other PT Losses

(P/A) @ 
Centroid 
(kips/ft²)

Normal 
Stress @ 
Point 1 

(kips/ft²)

Normal 
Stress @ 
Point 2 

(kips/ft²)

Normal 
Stress @ 
Point 3 

(kips/ft²)

Normal 
Stress @ 
Point 4 

(kips/ft²)
-2.98 -2.81 -3.16 -3.16 -2.81
-2.98 -3.00 -2.97 -2.97 -3.00
-2.98 -3.18 -2.79 -2.79 -3.18
-2.06 -1.86 -2.25 -2.25 -1.86
-2.06 -2.04 -2.07 -2.07 -2.04
-2.06 -2.22 -1.90 -1.90 -2.22
-1.30 -1.10 -1.51 -1.51 -1.10
-1.30 -1.25 -1.35 -1.35 -1.25
-1.30 -1.41 -1.20 -1.20 -1.40
-0.53 -0.27 -0.78 -0.78 -0.27
-0.53 -0.46 -0.59 -0.59 -0.46
-0.53 -0.64 -0.41 -0.41 -0.64
0.32 0.49 0.15 0.15 0.49
0.32 0.46 0.19 0.19 0.46
0.32 0.42 0.22 0.22 0.42

-3.51 -3.30 -3.73 -3.73 -3.30
-3.51 -3.57 -3.45 -3.45 -3.57
-3.51 -3.85 -3.18 -3.18 -3.85
-2.32 -2.10 -2.54 -2.54 -2.10
-2.32 -2.35 -2.29 -2.29 -2.35
-2.32 -2.61 -2.03 -2.03 -2.61
-1.39 -1.21 -1.58 -1.58 -1.21
-1.39 -1.39 -1.40 -1.40 -1.39
-1.39 -1.57 -1.22 -1.22 -1.57
-0.63 -0.43 -0.82 -0.82 -0.43
-0.63 -0.60 -0.65 -0.65 -0.60
-0.63 -0.78 -0.47 -0.47 -0.78
0.21 0.32 0.11 0.11 0.32
0.21 0.30 0.12 0.12 0.30
0.21 0.29 0.14 0.14 0.29

SHRINKAGE (SH)
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FIU
Project No: 2262.03

10/5/2016
Designed: EDL

Checked: MF

STEEL PIPES

MEMBER STRESSES
D10K

(-) compression

Member Station Result Case
501 0 D10K: D10K: Other PT Losses
501 1 D10K: D10K: Other PT Losses
501 2 D10K: D10K: Other PT Losses
502 0 D10K: D10K: Other PT Losses
502 1 D10K: D10K: Other PT Losses
502 2 D10K: D10K: Other PT Losses
503 0 D10K: D10K: Other PT Losses
503 1 D10K: D10K: Other PT Losses
503 2 D10K: D10K: Other PT Losses
504 0 D10K: D10K: Other PT Losses
504 1 D10K: D10K: Other PT Losses
504 2 D10K: D10K: Other PT Losses
505 0 D10K: D10K: Other PT Losses
505 1 D10K: D10K: Other PT Losses
505 2 D10K: D10K: Other PT Losses
601 0 D10K: D10K: Other PT Losses
601 1 D10K: D10K: Other PT Losses
601 2 D10K: D10K: Other PT Losses
602 0 D10K: D10K: Other PT Losses
602 1 D10K: D10K: Other PT Losses
602 2 D10K: D10K: Other PT Losses
603 0 D10K: D10K: Other PT Losses
603 1 D10K: D10K: Other PT Losses
603 2 D10K: D10K: Other PT Losses
604 0 D10K: D10K: Other PT Losses
604 1 D10K: D10K: Other PT Losses
604 2 D10K: D10K: Other PT Losses
605 0 D10K: D10K: Other PT Losses
605 1 D10K: D10K: Other PT Losses
605 2 D10K: D10K: Other PT Losses

(P/A) @ 
Centroid 
(kips/ft²)

Normal 
Stress @ 
Point 1 

(kips/ft²)

Normal 
Stress @ 
Point 2 

(kips/ft²)

Normal 
Stress @ 
Point 3 

(kips/ft²)

Normal 
Stress @ 
Point 4 

(kips/ft²)
0.04 0.10 -0.02 -0.02 0.10
0.04 0.03 0.04 0.04 0.03
0.04 -0.03 0.10 0.10 -0.03
0.18 0.25 0.12 0.12 0.25
0.18 0.19 0.18 0.18 0.19
0.18 0.13 0.24 0.24 0.13
0.26 0.32 0.20 0.20 0.32
0.26 0.27 0.25 0.25 0.27
0.26 0.23 0.30 0.30 0.23
0.31 0.37 0.26 0.26 0.37
0.31 0.32 0.30 0.30 0.32
0.31 0.28 0.34 0.34 0.28
0.35 0.37 0.33 0.33 0.37
0.35 0.37 0.33 0.33 0.37
0.35 0.37 0.34 0.34 0.37
0.15 0.11 0.20 0.20 0.11
0.15 0.15 0.16 0.16 0.15
0.15 0.19 0.12 0.12 0.19
0.21 0.15 0.26 0.26 0.15
0.21 0.20 0.21 0.21 0.20
0.21 0.25 0.16 0.16 0.25
0.25 0.20 0.30 0.30 0.20
0.25 0.24 0.25 0.25 0.24
0.25 0.29 0.21 0.21 0.29
0.29 0.24 0.33 0.33 0.24
0.29 0.29 0.29 0.29 0.29
0.29 0.33 0.24 0.24 0.33
0.25 0.21 0.30 0.30 0.21
0.25 0.26 0.25 0.25 0.26
0.25 0.32 0.19 0.19 0.32

UTILITIES (DW)
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FIU
Project No: 2262.03

10/5/2016
Designed: EDL

Checked: MF

STEEL PIPES

MEMBER STRESSES
D10K

(-) compression

Member Station Result Case
501 0 D10K: D10K: Other PT Losses
501 1 D10K: D10K: Other PT Losses
501 2 D10K: D10K: Other PT Losses
502 0 D10K: D10K: Other PT Losses
502 1 D10K: D10K: Other PT Losses
502 2 D10K: D10K: Other PT Losses
503 0 D10K: D10K: Other PT Losses
503 1 D10K: D10K: Other PT Losses
503 2 D10K: D10K: Other PT Losses
504 0 D10K: D10K: Other PT Losses
504 1 D10K: D10K: Other PT Losses
504 2 D10K: D10K: Other PT Losses
505 0 D10K: D10K: Other PT Losses
505 1 D10K: D10K: Other PT Losses
505 2 D10K: D10K: Other PT Losses
601 0 D10K: D10K: Other PT Losses
601 1 D10K: D10K: Other PT Losses
601 2 D10K: D10K: Other PT Losses
602 0 D10K: D10K: Other PT Losses
602 1 D10K: D10K: Other PT Losses
602 2 D10K: D10K: Other PT Losses
603 0 D10K: D10K: Other PT Losses
603 1 D10K: D10K: Other PT Losses
603 2 D10K: D10K: Other PT Losses
604 0 D10K: D10K: Other PT Losses
604 1 D10K: D10K: Other PT Losses
604 2 D10K: D10K: Other PT Losses
605 0 D10K: D10K: Other PT Losses
605 1 D10K: D10K: Other PT Losses
605 2 D10K: D10K: Other PT Losses

(P/A) @ 
Centroid 
(kips/ft²)

Normal 
Stress @ 
Point 1 

(kips/ft²)

Normal 
Stress @ 
Point 2 

(kips/ft²)

Normal 
Stress @ 
Point 3 

(kips/ft²)

Normal 
Stress @ 
Point 4 

(kips/ft²)
0.13 0.35 -0.09 -0.09 0.35
0.13 0.12 0.14 0.14 0.12
0.13 -0.11 0.37 0.37 -0.11
0.67 0.91 0.43 0.43 0.91
0.67 0.69 0.66 0.66 0.69
0.67 0.46 0.88 0.88 0.46
0.96 1.18 0.75 0.75 1.18
0.96 1.01 0.92 0.92 1.01
0.96 0.83 1.09 1.09 0.83
1.14 1.34 0.94 0.94 1.34
1.14 1.18 1.10 1.10 1.18
1.14 1.03 1.25 1.25 1.03
1.28 1.37 1.19 1.19 1.37
1.28 1.35 1.21 1.21 1.35
1.28 1.34 1.23 1.23 1.34
0.56 0.39 0.74 0.73 0.39
0.56 0.54 0.59 0.59 0.54
0.56 0.68 0.45 0.45 0.68
0.75 0.55 0.95 0.95 0.55
0.75 0.73 0.77 0.77 0.73
0.75 0.91 0.59 0.59 0.91
0.91 0.72 1.10 1.10 0.72
0.91 0.89 0.93 0.93 0.89
0.91 1.07 0.76 0.76 1.07
1.06 0.89 1.22 1.22 0.89
1.06 1.06 1.06 1.06 1.06
1.06 1.22 0.89 0.89 1.22
0.93 0.77 1.09 1.09 0.77
0.93 0.96 0.90 0.90 0.96
0.93 1.16 0.71 0.71 1.16

LIVE LOAD ON FULL LENGTH OF BRIDGE (LL1)
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FIU
Project No: 2262.03

10/5/2016
Designed: EDL

Checked: MF

STEEL PIPES

MEMBER STRESSES
D10K

(-) compression

Member Station Result Case
501 0 D10K: D10K: Other PT Losses
501 1 D10K: D10K: Other PT Losses
501 2 D10K: D10K: Other PT Losses
502 0 D10K: D10K: Other PT Losses
502 1 D10K: D10K: Other PT Losses
502 2 D10K: D10K: Other PT Losses
503 0 D10K: D10K: Other PT Losses
503 1 D10K: D10K: Other PT Losses
503 2 D10K: D10K: Other PT Losses
504 0 D10K: D10K: Other PT Losses
504 1 D10K: D10K: Other PT Losses
504 2 D10K: D10K: Other PT Losses
505 0 D10K: D10K: Other PT Losses
505 1 D10K: D10K: Other PT Losses
505 2 D10K: D10K: Other PT Losses
601 0 D10K: D10K: Other PT Losses
601 1 D10K: D10K: Other PT Losses
601 2 D10K: D10K: Other PT Losses
602 0 D10K: D10K: Other PT Losses
602 1 D10K: D10K: Other PT Losses
602 2 D10K: D10K: Other PT Losses
603 0 D10K: D10K: Other PT Losses
603 1 D10K: D10K: Other PT Losses
603 2 D10K: D10K: Other PT Losses
604 0 D10K: D10K: Other PT Losses
604 1 D10K: D10K: Other PT Losses
604 2 D10K: D10K: Other PT Losses
605 0 D10K: D10K: Other PT Losses
605 1 D10K: D10K: Other PT Losses
605 2 D10K: D10K: Other PT Losses

(P/A) @ 
Centroid 
(kips/ft²)

Normal 
Stress @ 
Point 1 

(kips/ft²)

Normal 
Stress @ 
Point 2 

(kips/ft²)

Normal 
Stress @ 
Point 3 

(kips/ft²)

Normal 
Stress @ 
Point 4 

(kips/ft²)
-0.06 0.23 -0.35 -0.35 0.23
-0.06 -0.06 -0.05 -0.05 -0.06
-0.06 -0.36 0.24 0.24 -0.36
0.48 0.81 0.16 0.16 0.81
0.48 0.51 0.46 0.46 0.51
0.48 0.20 0.76 0.76 0.20
0.75 1.06 0.45 0.45 1.06
0.75 0.81 0.70 0.70 0.81
0.75 0.55 0.96 0.96 0.55
0.93 1.22 0.64 0.64 1.22
0.93 0.98 0.88 0.88 0.98
0.93 0.75 1.11 1.11 0.75
1.18 1.34 1.02 1.02 1.34
1.18 1.26 1.11 1.11 1.26
1.18 1.17 1.19 1.19 1.17
0.54 0.23 0.85 0.85 0.23
0.54 0.51 0.57 0.57 0.51
0.54 0.79 0.28 0.29 0.79
0.57 0.19 0.94 0.94 0.19
0.57 0.54 0.59 0.60 0.54
0.57 0.88 0.25 0.25 0.88
0.61 0.25 0.98 0.98 0.25
0.61 0.58 0.65 0.65 0.58
0.61 0.91 0.31 0.31 0.92
0.63 0.32 0.94 0.94 0.32
0.63 0.61 0.65 0.65 0.61
0.63 0.90 0.36 0.36 0.90
0.53 0.31 0.74 0.74 0.31
0.53 0.52 0.53 0.53 0.52
0.53 0.74 0.31 0.31 0.74

LIVE LOAD ON MAIN SPAN (LL2)
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FIU
Project No: 2262.03

10/5/2016
Designed: EDL

Checked: MF

STEEL PIPES

MEMBER STRESSES
D10K

(-) compression

Member Station Result Case
501 0 D10K: D10K: Other PT Losses
501 1 D10K: D10K: Other PT Losses
501 2 D10K: D10K: Other PT Losses
502 0 D10K: D10K: Other PT Losses
502 1 D10K: D10K: Other PT Losses
502 2 D10K: D10K: Other PT Losses
503 0 D10K: D10K: Other PT Losses
503 1 D10K: D10K: Other PT Losses
503 2 D10K: D10K: Other PT Losses
504 0 D10K: D10K: Other PT Losses
504 1 D10K: D10K: Other PT Losses
504 2 D10K: D10K: Other PT Losses
505 0 D10K: D10K: Other PT Losses
505 1 D10K: D10K: Other PT Losses
505 2 D10K: D10K: Other PT Losses
601 0 D10K: D10K: Other PT Losses
601 1 D10K: D10K: Other PT Losses
601 2 D10K: D10K: Other PT Losses
602 0 D10K: D10K: Other PT Losses
602 1 D10K: D10K: Other PT Losses
602 2 D10K: D10K: Other PT Losses
603 0 D10K: D10K: Other PT Losses
603 1 D10K: D10K: Other PT Losses
603 2 D10K: D10K: Other PT Losses
604 0 D10K: D10K: Other PT Losses
604 1 D10K: D10K: Other PT Losses
604 2 D10K: D10K: Other PT Losses
605 0 D10K: D10K: Other PT Losses
605 1 D10K: D10K: Other PT Losses
605 2 D10K: D10K: Other PT Losses

(P/A) @ 
Centroid 
(kips/ft²)

Normal 
Stress @ 
Point 1 

(kips/ft²)

Normal 
Stress @ 
Point 2 

(kips/ft²)

Normal 
Stress @ 
Point 3 

(kips/ft²)

Normal 
Stress @ 
Point 4 

(kips/ft²)
0.19 0.12 0.26 0.26 0.12
0.19 0.18 0.20 0.20 0.19
0.19 0.25 0.13 0.13 0.25
0.19 0.10 0.28 0.28 0.10
0.19 0.18 0.20 0.20 0.18
0.19 0.26 0.12 0.12 0.26
0.21 0.11 0.30 0.30 0.11
0.21 0.20 0.22 0.22 0.20
0.21 0.28 0.13 0.13 0.28
0.21 0.13 0.30 0.30 0.13
0.21 0.20 0.22 0.22 0.20
0.21 0.28 0.14 0.14 0.28
0.10 0.03 0.17 0.17 0.03
0.10 0.10 0.10 0.10 0.10
0.10 0.16 0.04 0.04 0.16
0.03 0.17 -0.12 -0.12 0.17
0.03 0.03 0.02 0.02 0.03
0.03 -0.11 0.16 0.16 -0.11
0.18 0.36 0.01 0.01 0.36
0.18 0.19 0.18 0.18 0.19
0.18 0.03 0.34 0.34 0.03
0.30 0.47 0.13 0.13 0.47
0.30 0.31 0.28 0.28 0.31
0.30 0.15 0.44 0.44 0.15
0.43 0.57 0.28 0.28 0.57
0.43 0.44 0.41 0.41 0.44
0.43 0.32 0.53 0.53 0.32
0.41 0.46 0.35 0.35 0.46
0.41 0.44 0.37 0.37 0.44
0.41 0.42 0.40 0.40 0.42

LIVE LOAD ON BACK SPAN (LL3)
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FIU
Project No: 2262.03

10/5/2016
Designed: EDL

Checked: MF

STEEL PIPES

MEMBER STRESSES
D10K

(-) compression

Member Station Result Case
501 0 D10K: D10K: Other PT Losses
501 1 D10K: D10K: Other PT Losses
501 2 D10K: D10K: Other PT Losses
502 0 D10K: D10K: Other PT Losses
502 1 D10K: D10K: Other PT Losses
502 2 D10K: D10K: Other PT Losses
503 0 D10K: D10K: Other PT Losses
503 1 D10K: D10K: Other PT Losses
503 2 D10K: D10K: Other PT Losses
504 0 D10K: D10K: Other PT Losses
504 1 D10K: D10K: Other PT Losses
504 2 D10K: D10K: Other PT Losses
505 0 D10K: D10K: Other PT Losses
505 1 D10K: D10K: Other PT Losses
505 2 D10K: D10K: Other PT Losses
601 0 D10K: D10K: Other PT Losses
601 1 D10K: D10K: Other PT Losses
601 2 D10K: D10K: Other PT Losses
602 0 D10K: D10K: Other PT Losses
602 1 D10K: D10K: Other PT Losses
602 2 D10K: D10K: Other PT Losses
603 0 D10K: D10K: Other PT Losses
603 1 D10K: D10K: Other PT Losses
603 2 D10K: D10K: Other PT Losses
604 0 D10K: D10K: Other PT Losses
604 1 D10K: D10K: Other PT Losses
604 2 D10K: D10K: Other PT Losses
605 0 D10K: D10K: Other PT Losses
605 1 D10K: D10K: Other PT Losses
605 2 D10K: D10K: Other PT Losses

(P/A) @ 
Centroid 
(kips/ft²)

Normal 
Stress @ 
Point 1 

(kips/ft²)

Normal 
Stress @ 
Point 2 

(kips/ft²)

Normal 
Stress @ 
Point 3 

(kips/ft²)

Normal 
Stress @ 
Point 4 

(kips/ft²)
-1.03 -1.02 -1.03 -1.03 -1.02
-1.03 -1.05 -1.00 -1.00 -1.05
-1.03 -1.07 -0.98 -0.98 -1.07
-0.51 -0.50 -0.52 -0.52 -0.50
-0.51 -0.52 -0.50 -0.50 -0.52
-0.51 -0.54 -0.47 -0.47 -0.54
0.02 0.01 0.03 0.03 0.01
0.02 0.02 0.02 0.02 0.02
0.02 0.04 0.00 0.00 0.04
0.63 0.64 0.63 0.63 0.64
0.63 0.64 0.63 0.63 0.64
0.63 0.63 0.64 0.64 0.63
0.56 0.38 0.75 0.75 0.38
0.56 0.65 0.48 0.48 0.65
0.56 0.93 0.20 0.20 0.93

-1.08 -1.10 -1.06 -1.06 -1.10
-1.08 -1.11 -1.05 -1.05 -1.11
-1.08 -1.12 -1.04 -1.04 -1.12
-0.60 -0.61 -0.58 -0.58 -0.61
-0.60 -0.62 -0.58 -0.58 -0.62
-0.60 -0.62 -0.58 -0.58 -0.62
-0.14 -0.15 -0.14 -0.14 -0.15
-0.14 -0.14 -0.14 -0.14 -0.14
-0.14 -0.14 -0.14 -0.14 -0.14
0.33 0.40 0.27 0.27 0.40
0.33 0.33 0.34 0.34 0.33
0.33 0.26 0.41 0.41 0.26
1.13 1.11 1.15 1.15 1.11
1.13 1.21 1.05 1.05 1.21
1.13 1.31 0.95 0.95 1.31

TEMPERATURE RISE (TU+)
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FIU
Project No: 2262.03

10/5/2016
Designed: EDL

Checked: MF

STEEL PIPES

MEMBER STRESSES
D10K

(-) compression

Member Station Result Case
501 0 D10K: D10K: Other PT Losses
501 1 D10K: D10K: Other PT Losses
501 2 D10K: D10K: Other PT Losses
502 0 D10K: D10K: Other PT Losses
502 1 D10K: D10K: Other PT Losses
502 2 D10K: D10K: Other PT Losses
503 0 D10K: D10K: Other PT Losses
503 1 D10K: D10K: Other PT Losses
503 2 D10K: D10K: Other PT Losses
504 0 D10K: D10K: Other PT Losses
504 1 D10K: D10K: Other PT Losses
504 2 D10K: D10K: Other PT Losses
505 0 D10K: D10K: Other PT Losses
505 1 D10K: D10K: Other PT Losses
505 2 D10K: D10K: Other PT Losses
601 0 D10K: D10K: Other PT Losses
601 1 D10K: D10K: Other PT Losses
601 2 D10K: D10K: Other PT Losses
602 0 D10K: D10K: Other PT Losses
602 1 D10K: D10K: Other PT Losses
602 2 D10K: D10K: Other PT Losses
603 0 D10K: D10K: Other PT Losses
603 1 D10K: D10K: Other PT Losses
603 2 D10K: D10K: Other PT Losses
604 0 D10K: D10K: Other PT Losses
604 1 D10K: D10K: Other PT Losses
604 2 D10K: D10K: Other PT Losses
605 0 D10K: D10K: Other PT Losses
605 1 D10K: D10K: Other PT Losses
605 2 D10K: D10K: Other PT Losses

(P/A) @ 
Centroid 
(kips/ft²)

Normal 
Stress @ 
Point 1 

(kips/ft²)

Normal 
Stress @ 
Point 2 

(kips/ft²)

Normal 
Stress @ 
Point 3 

(kips/ft²)

Normal 
Stress @ 
Point 4 

(kips/ft²)
1.03 1.02 1.03 1.03 1.02
1.03 1.05 1.00 1.00 1.05
1.03 1.07 0.98 0.98 1.07
0.51 0.50 0.52 0.52 0.50
0.51 0.52 0.50 0.50 0.52
0.51 0.54 0.47 0.47 0.54

-0.02 -0.01 -0.03 -0.03 -0.01
-0.02 -0.02 -0.02 -0.02 -0.02
-0.02 -0.04 0.00 0.00 -0.04
-0.63 -0.64 -0.63 -0.63 -0.64
-0.63 -0.64 -0.63 -0.63 -0.64
-0.63 -0.63 -0.64 -0.64 -0.63
-0.56 -0.38 -0.75 -0.75 -0.38
-0.56 -0.65 -0.48 -0.48 -0.65
-0.56 -0.93 -0.20 -0.20 -0.93
1.08 1.10 1.06 1.06 1.10
1.08 1.11 1.05 1.05 1.11
1.08 1.12 1.04 1.04 1.12
0.60 0.61 0.58 0.58 0.61
0.60 0.62 0.58 0.58 0.62
0.60 0.62 0.58 0.58 0.62
0.14 0.15 0.14 0.14 0.15
0.14 0.14 0.14 0.14 0.14
0.14 0.14 0.14 0.14 0.14

-0.33 -0.40 -0.27 -0.27 -0.40
-0.33 -0.33 -0.34 -0.34 -0.33
-0.33 -0.26 -0.41 -0.41 -0.26
-1.13 -1.11 -1.15 -1.15 -1.11
-1.13 -1.21 -1.05 -1.05 -1.21
-1.13 -1.31 -0.95 -0.95 -1.31

TEMPERATURE FALL (TU-)
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FIU
Project No: 2262.03

10/5/2016
Designed: EDL

Checked: MF

STEEL PIPES

MEMBER STRESSES
D10K

(-) compression

Member Station Result Case
501 0 D10K: D10K: Other PT Losses
501 1 D10K: D10K: Other PT Losses
501 2 D10K: D10K: Other PT Losses
502 0 D10K: D10K: Other PT Losses
502 1 D10K: D10K: Other PT Losses
502 2 D10K: D10K: Other PT Losses
503 0 D10K: D10K: Other PT Losses
503 1 D10K: D10K: Other PT Losses
503 2 D10K: D10K: Other PT Losses
504 0 D10K: D10K: Other PT Losses
504 1 D10K: D10K: Other PT Losses
504 2 D10K: D10K: Other PT Losses
505 0 D10K: D10K: Other PT Losses
505 1 D10K: D10K: Other PT Losses
505 2 D10K: D10K: Other PT Losses
601 0 D10K: D10K: Other PT Losses
601 1 D10K: D10K: Other PT Losses
601 2 D10K: D10K: Other PT Losses
602 0 D10K: D10K: Other PT Losses
602 1 D10K: D10K: Other PT Losses
602 2 D10K: D10K: Other PT Losses
603 0 D10K: D10K: Other PT Losses
603 1 D10K: D10K: Other PT Losses
603 2 D10K: D10K: Other PT Losses
604 0 D10K: D10K: Other PT Losses
604 1 D10K: D10K: Other PT Losses
604 2 D10K: D10K: Other PT Losses
605 0 D10K: D10K: Other PT Losses
605 1 D10K: D10K: Other PT Losses
605 2 D10K: D10K: Other PT Losses

(P/A) @ 
Centroid 
(kips/ft²)

Normal 
Stress @ 
Point 1 

(kips/ft²)

Normal 
Stress @ 
Point 2 

(kips/ft²)

Normal 
Stress @ 
Point 3 

(kips/ft²)

Normal 
Stress @ 
Point 4 

(kips/ft²)
-2.57 -2.48 -2.66 -2.66 -2.48
-2.57 -2.60 -2.55 -2.55 -2.60
-2.57 -2.72 -2.43 -2.43 -2.72
-1.60 -1.49 -1.71 -1.71 -1.49
-1.60 -1.60 -1.59 -1.59 -1.60
-1.60 -1.71 -1.48 -1.48 -1.71
-0.70 -0.61 -0.80 -0.80 -0.61
-0.70 -0.67 -0.73 -0.73 -0.67
-0.70 -0.74 -0.66 -0.66 -0.74
0.25 0.38 0.12 0.12 0.38
0.25 0.29 0.21 0.21 0.29
0.25 0.20 0.31 0.31 0.20
0.47 0.35 0.59 0.59 0.35
0.47 0.63 0.31 0.31 0.63
0.47 0.91 0.03 0.03 0.91

-2.89 -2.84 -2.95 -2.95 -2.84
-2.89 -2.95 -2.83 -2.83 -2.95
-2.89 -3.07 -2.71 -2.71 -3.07
-1.82 -1.76 -1.88 -1.88 -1.76
-1.82 -1.86 -1.78 -1.78 -1.86
-1.82 -1.96 -1.68 -1.68 -1.96
-0.92 -0.88 -0.97 -0.97 -0.88
-0.92 -0.92 -0.92 -0.92 -0.92
-0.92 -0.97 -0.87 -0.87 -0.97
-0.12 -0.01 -0.23 -0.23 -0.01
-0.12 -0.11 -0.12 -0.12 -0.11
-0.12 -0.22 -0.02 -0.02 -0.22
0.94 0.91 0.98 0.98 0.91
0.94 1.07 0.82 0.82 1.07
0.94 1.23 0.66 0.66 1.23

TEMP. RISE + TEMP. DIFF. (TU+ + TEMP. DIFF.)
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FIU
Project No: 2262.03

10/5/2016
Designed: EDL

Checked: MF

STEEL PIPES

MEMBER STRESSES
D10K

(-) compression

Member Station Result Case
501 0 D10K: D10K: Other PT Losses
501 1 D10K: D10K: Other PT Losses
501 2 D10K: D10K: Other PT Losses
502 0 D10K: D10K: Other PT Losses
502 1 D10K: D10K: Other PT Losses
502 2 D10K: D10K: Other PT Losses
503 0 D10K: D10K: Other PT Losses
503 1 D10K: D10K: Other PT Losses
503 2 D10K: D10K: Other PT Losses
504 0 D10K: D10K: Other PT Losses
504 1 D10K: D10K: Other PT Losses
504 2 D10K: D10K: Other PT Losses
505 0 D10K: D10K: Other PT Losses
505 1 D10K: D10K: Other PT Losses
505 2 D10K: D10K: Other PT Losses
601 0 D10K: D10K: Other PT Losses
601 1 D10K: D10K: Other PT Losses
601 2 D10K: D10K: Other PT Losses
602 0 D10K: D10K: Other PT Losses
602 1 D10K: D10K: Other PT Losses
602 2 D10K: D10K: Other PT Losses
603 0 D10K: D10K: Other PT Losses
603 1 D10K: D10K: Other PT Losses
603 2 D10K: D10K: Other PT Losses
604 0 D10K: D10K: Other PT Losses
604 1 D10K: D10K: Other PT Losses
604 2 D10K: D10K: Other PT Losses
605 0 D10K: D10K: Other PT Losses
605 1 D10K: D10K: Other PT Losses
605 2 D10K: D10K: Other PT Losses

fy (ksi) 46
σallow = 0.6*fy = 27.6 ksi

(P/A) @ 
Centroid 
(kips/ft²)

Normal 
Stress @ 
Point 1 

(kips/ft²)

Normal 
Stress @ 
Point 2 

(kips/ft²)

Normal 
Stress @ 
Point 3 

(kips/ft²)

Normal 
Stress @ 
Point 4 

(kips/ft²)
-3 19 -26 -26 19
-3 -14 7 7 -14
-4 16 -23 -23 16
0 15 -15 -15 15
0 -7 7 7 -7
0 13 -12 -12 13
2 11 -7 -7 11
2 -2 6 6 -2
2 9 -5 -5 9
4 10 -1 -1 9
4 3 6 6 3
4 8 1 1 8
6 8 4 4 8
6 6 6 6 6
6 8 4 4 8

-3 5 -10 -10 5
-3 -7 1 1 -7
-3 4 -9 -9 4
0 6 -5 -5 6
0 -3 3 3 -3
0 5 -5 -5 5
2 6 -2 -2 6
2 0 4 4 0
2 6 -2 -2 6
4 6 2 2 6
4 3 5 5 3
4 6 1 1 6
5 6 4 4 6
5 5 5 5 5
5 7 3 3 7

SERVICE II-CASE A (LL ON FULL LENGTH OF BRIDGE)
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FIU
Project No: 2262.03

10/5/2016
Designed: EDL

Checked: MF

STEEL PIPES

MEMBER STRESSES
D10K

(-) compression

Member Station Result Case
501 0 D10K: D10K: Other PT Losses
501 1 D10K: D10K: Other PT Losses
501 2 D10K: D10K: Other PT Losses
502 0 D10K: D10K: Other PT Losses
502 1 D10K: D10K: Other PT Losses
502 2 D10K: D10K: Other PT Losses
503 0 D10K: D10K: Other PT Losses
503 1 D10K: D10K: Other PT Losses
503 2 D10K: D10K: Other PT Losses
504 0 D10K: D10K: Other PT Losses
504 1 D10K: D10K: Other PT Losses
504 2 D10K: D10K: Other PT Losses
505 0 D10K: D10K: Other PT Losses
505 1 D10K: D10K: Other PT Losses
505 2 D10K: D10K: Other PT Losses
601 0 D10K: D10K: Other PT Losses
601 1 D10K: D10K: Other PT Losses
601 2 D10K: D10K: Other PT Losses
602 0 D10K: D10K: Other PT Losses
602 1 D10K: D10K: Other PT Losses
602 2 D10K: D10K: Other PT Losses
603 0 D10K: D10K: Other PT Losses
603 1 D10K: D10K: Other PT Losses
603 2 D10K: D10K: Other PT Losses
604 0 D10K: D10K: Other PT Losses
604 1 D10K: D10K: Other PT Losses
604 2 D10K: D10K: Other PT Losses
605 0 D10K: D10K: Other PT Losses
605 1 D10K: D10K: Other PT Losses
605 2 D10K: D10K: Other PT Losses

fy (ksi) 46
σallow = 0.6*fy = 27.6 ksi

(P/A) @ 
Centroid 
(kips/ft²)

Normal 
Stress @ 
Point 1 

(kips/ft²)

Normal 
Stress @ 
Point 2 

(kips/ft²)

Normal 
Stress @ 
Point 3 

(kips/ft²)

Normal 
Stress @ 
Point 4 

(kips/ft²)
-4 19 -26 -26 19
-4 -14 7 7 -14
-4 15 -23 -23 15
0 15 -15 -15 15
0 -7 7 7 -7
0 12 -12 -12 12
2 11 -7 -7 11
2 -2 6 6 -2
2 9 -5 -5 9
4 9 -1 -1 9
4 2 6 6 2
4 7 1 1 7
6 7 4 4 7
6 6 6 6 6
6 8 4 4 8

-3 5 -10 -10 5
-3 -7 1 1 -7
-3 4 -10 -10 4
0 5 -5 -5 5
0 -3 3 3 -3
0 5 -5 -5 5
2 5 -2 -2 5
2 0 4 4 0
2 5 -2 -2 5
3 6 1 1 6
3 2 4 4 2
3 6 1 1 6
4 5 4 4 5
4 4 5 5 4
4 7 2 2 7

SERVICE II-CASE B (LL ONLY ON MAIN SPAN)
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FIU
Project No: 2262.03

10/5/2016
Designed: EDL

Checked: MF

STEEL PIPES

MEMBER STRESSES
D10K

(-) compression

Member Station Result Case
501 0 D10K: D10K: Other PT Losses
501 1 D10K: D10K: Other PT Losses
501 2 D10K: D10K: Other PT Losses
502 0 D10K: D10K: Other PT Losses
502 1 D10K: D10K: Other PT Losses
502 2 D10K: D10K: Other PT Losses
503 0 D10K: D10K: Other PT Losses
503 1 D10K: D10K: Other PT Losses
503 2 D10K: D10K: Other PT Losses
504 0 D10K: D10K: Other PT Losses
504 1 D10K: D10K: Other PT Losses
504 2 D10K: D10K: Other PT Losses
505 0 D10K: D10K: Other PT Losses
505 1 D10K: D10K: Other PT Losses
505 2 D10K: D10K: Other PT Losses
601 0 D10K: D10K: Other PT Losses
601 1 D10K: D10K: Other PT Losses
601 2 D10K: D10K: Other PT Losses
602 0 D10K: D10K: Other PT Losses
602 1 D10K: D10K: Other PT Losses
602 2 D10K: D10K: Other PT Losses
603 0 D10K: D10K: Other PT Losses
603 1 D10K: D10K: Other PT Losses
603 2 D10K: D10K: Other PT Losses
604 0 D10K: D10K: Other PT Losses
604 1 D10K: D10K: Other PT Losses
604 2 D10K: D10K: Other PT Losses
605 0 D10K: D10K: Other PT Losses
605 1 D10K: D10K: Other PT Losses
605 2 D10K: D10K: Other PT Losses

fy (ksi) 46
σallow = 0.6*fy = 27.6 ksi

CHECK

(P/A) @ 
Centroid 
(kips/ft²)

Normal 
Stress @ 
Point 1 

(kips/ft²)

Normal 
Stress @ 
Point 2 

(kips/ft²)

Normal 
Stress @ 
Point 3 

(kips/ft²)

Normal 
Stress @ 
Point 4 

(kips/ft²)

σu <= σallow

-3 19 -25 -25 19 OK
-3 -14 7 7 -14 OK
-4 16 -23 -23 16 OK
0 14 -15 -15 14 OK
0 -7 6 6 -7 OK

-1 12 -13 -13 12 OK
1 10 -8 -8 10 OK
1 -3 5 5 -3 OK
1 9 -6 -6 9 OK
3 8 -1 -1 8 OK
3 1 5 5 1 OK
3 7 0 0 7 OK
4 6 3 3 6 OK
4 4 4 4 4 OK
4 6 2 2 6 OK

-3 5 -11 -11 5 OK
-3 -7 1 1 -7 OK
-3 3 -10 -10 3 OK
0 6 -7 -7 6 OK

-1 -3 2 2 -3 OK
-1 4 -5 -5 4 OK
1 6 -3 -3 6 OK
1 -1 3 3 -1 OK
1 4 -2 -2 4 OK
3 6 0 0 6 OK
3 2 4 4 2 OK
3 5 1 1 5 OK
4 6 3 3 6 OK
4 4 5 5 4 OK
4 6 2 2 6 OK

SERVICE II-CASE C (LL ONLY ON BACK SPAN)
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Project: FIU Pedestrian 
         Bridge

Project No.: 22262.03 Creating
Bridges 
as ArtDesigned by: EDL Checked by: MF 

 Tallahassee  - Denver  - Philadelphia  - Dallas

 Pipe Connection Design   - ACI Chapter 17
 Part  I. Check Pylon Connection (Member 501) - Tension: 

Ultimate Loads (from AASHTO STR I & STR III Load Combinations):
Tu_bolt 93kips:= Maximum Bolt Tensile Force - Strength Cases

Tu_bolt2 93kips:= Max Corner Bolt Tensile Force - Strength Cases

Tu_bolttotal 198kips:= Max Sum of All Bolt Tensile Forces - Strength Cases

Vu_bolt 14kips:= Concurrent Bolt Shear Force - Strength Cases

Materials Properties and Resistance Factor:
f'c 8500 psi⋅:= Concrete Strength

Resistance Factor for ACI Section 9.2 Combinations (for
anchor governed by concrete breakout, side-face
blowout, pullout, or pryout strength)

ϕanchor 0.70:=

Bolt Properties & Geometry:
Nbolt 8:= Number of Bolts

Nbolt_corner 1:= Number of Grouped Corner Bolts

da 1.375 in⋅:= Bolt Diameter

Effective Area of the Anchor assuming coarse threaded
bolt per PCA Notes Table 34-2Asen 1.16 in2⋅:=

Fya 105000 psi⋅:= Yield Strength of Anchor (for 1 - 3/8" diameter
F1554 bolts - Grade 105 )

Fut 125000 psi⋅:= Min. tensile strength for design

Futa min 1.9 Fya⋅ 125 ksi⋅, Fut, ( ):= Ultimate tensile strength per ACI 17.4.1.1

Futa 125.00 ksi⋅=

hef 21 in⋅:= Effective Embedment Length

ca1 17.5 in⋅:= Transverse Edge Distance to Corner Bolt

S1 25in:= Spacing Between Bolts - Transverse

S2 12in:= Spacing Between Bolts - Longitudinal
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Project: FIU Pedestrian
         Bridge

Project No.: 22262.03 Creating
Bridges 
as ArtDesigned by: EDL Checked by: MF

 Tallahassee  - Denver  - Philadelphia  - Dallas

 Pipe Connection Design 

a) Steel Strength Check ACI 17.4.1 - Check Tensile Capacity of 1 Bolt

ϕsteel 0.75:= Resistance factor for anchor governed by
strength of ductile steel element - ACI 17.3.3a

ϕNsa ϕsteel Asen⋅ Futa⋅:=

ϕNsa 108.75 kips⋅=

CHECK_Steel_Strength "OKAY" ϕNsa Tu_bolt≥( )if

"NG" otherwise

:= Strength Cases

CHECK_Steel_Strength "OKAY"=

b) Concrete Breakout Strength ACI 17.4.2
Determine Anc and Anco according to ACI 17.4.2.1:
By inspection, worst case occurs when corner bolt is in tension. The failure surface is defined by
1.5 hef from the corner bolt in both directions.

Anc 2 1.5 hef⋅( )⋅  ca1 1.5hef+( )( )⋅:=

Anc 3087.00 in2⋅=

Anco 9 hef
2⋅:=

Anco 3969.00 in2⋅= Projected area of 35 degree failure plane
CHECK_Areas "OKAY" Anco Nbolt_corner⋅ Anc≥( )if

"NG" otherwise

:=

CHECK_Areas "OKAY"=
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Project: FIU Pedestrian
         Bridge

Project No.: 22262.03 Creating
Bridges 
as ArtDesigned by: EDL Checked by: MF  

 Tallahassee  - Denver  - Philadelphia  - Dallas

 Pipe Connection Design 
Calculate concrete breakout strength

φecN 1.0:= Factor accounts for No eccentricity in the connection

φedN 0.7 0.3
min ca1( )
1.5hef

⋅+:= Factor accounts for location of the anchor
near a free edge

φedN 0.87=

φcN 1.25:= Factor for cast-in-place anchors

φcpN 1.0:= Modification factor for cast-in anchors

kc 24:= For cast-in anchor

λ 1.0:= Normal weight concrete

Nb1 kc λ⋅
f'c
psi

⋅
hef

in








1.5
⋅:= Basic concrete breakout strength of a single anchor in tension

Nb1 212936= lbs

Nbmax 16 λ⋅
f'c
psi

⋅
hef

in








5
3





⋅:= Nb max for cast-in headed studs and headed bolts with 
hef >11in and <25in

Nbmax 235791.57= lbs

Nb min Nb1 Nbmax, ( ):=

Nb 212936.27= lbs

Ncb
Anc

Anco
φedN⋅ φcN⋅ φcpN⋅

Nb

1000
⋅:= Nominal concrete Breakout strength for a single anchor

Ncb 179.42= kips

ϕanchor Ncb⋅ 125.59= kips

Strength CasesCHECK_ϕNcbg_capacity "OKAY" ϕanchor Ncb⋅
Tu_bolt2

kips
≥









if

"ADD REINF" otherwise

:=

CHECK_ϕNcbg_capacity "OKAY"=
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Project: FIU Pedestrian
         Bridge

Project No.: 22262.03 Creating
Bridges 
as ArtDesigned by: EDL Checked by: MF 

 Tallahassee  - Denver  - Philadelphia  - Dallas

 Pipe Connection Design 

c) Pullout Strength ACI 17.4.3
φcp 1.0:= Factor for pullout strength ACI 17.4.3.6

Conservatively assume regular Hex nut
Abrg per PCA Notes Table 34-2Abrg 2.199 in2⋅:=

Np 8 Abrg f'c⋅( )⋅:= Pullout strength in tension of a single headed bolt

Np 149.53 kips⋅=

ϕNpn ϕanchor φcp⋅ Np⋅:= Nominal Pullout strength of a single bolt

ϕNpn 104.67 kips⋅=

CHECK_ϕNpn "OKAY" ϕNpn Tu_bolt≥( )if

"NG" otherwise

:= Compare to maximum bolt tensile load in the group
(Strength Cases)

CHECK_ϕNpn "OKAY"=
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Project: FIU Pedestrian 
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Project No.: 22262.03 Creating
Bridges 
as ArtDesigned by: EDL Checked by: MF

 Tallahassee  - Denver  - Philadelphia  - Dallas

 Pipe Connection Design 
d) Side-Face Blowout ACI 17.4.4

Check_Sidefaceblowout "OKAY" hef 2.5 ca1⋅≤if

"CHECK BLOWOUT" otherwise

:=

Check_Sidefaceblowout "OKAY"=

 Note: Calculation of Side-Face Blowout Strength is not required since hef < 2.5*ca1.

Nsb 160
ca1

in
⋅

Abrg

in2
⋅ λ⋅

f'c
psi

⋅:=

Nsb 382807.21= lbs

Factor 1.0:= Factor does not apply since Sedge_long>3*Sedge_trans

ϕNsb ϕanchor
Nsb

1000
⋅ Factor⋅:=

ϕNsb 267.97= kips Nominal Pullout strength of a single bolt

Strength CasesCHECK_ϕNsb_capacity "OKAY" ϕNsb
Tu_bolt

kips
≥









if

"NG" otherwise

:=

CHECK_ϕNsb_capacity "OKAY"=
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Summary of design strengths based on steel strength, concrete breakout strength, and pullout strength:

Steel  Strength (per bolt): ϕNsa 108.75 kips⋅=

Embedment Strength - Concrete breakout (one bolt): ϕanchor Ncb⋅ 125.59= kips

Embedment Strength - Pullout (per bolt): ϕNpn 104.67 kips⋅=

ϕNn min ϕNsa ϕanchor Ncb⋅ kips⋅, ϕNpn, ( ):= ϕNn 104.67 kips⋅=
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 Part  II. Check Connection - Shear: 

a) Steel strength ACI 17.5.1
Shear Resistance Factor for anchor governed by
ductile element - ACI 17.3.3aϕshear 0.65:=

RF 1.0:= (No built-up grout pad) Reduction factor for built-up grout pads
Vsa 0.6Asen Futa⋅ RF⋅:= Shear Strength for cast-in headed bolt

Vsa 87.00 kips⋅=

ϕshear Vsa⋅ 56.55 kips⋅=

CHECK_ϕVsa_capacity "OKAY" ϕshear Vsa⋅ Vu_bolt≥( )if

"NG" otherwise

:= Strength Cases

CHECK_ϕVsa_capacity "OKAY"=

b) Concrete breakout strength ACI 17.5.2

By inspection, longitudinal shear will control.  Investigate corner connection for shear on one bolt.  

Sedge_trans 17.5in:= Transverse edge distance

ha 4 ft⋅ 11in+:= Pylon length where maximum shear occurs

Avc 2 1.5⋅ Sedge_trans( ) ha⋅:= Avc 3097.50 in2⋅=

Avco 4.5 Sedge_trans
2⋅:= Avco 1378.13 in2⋅=

φecv 1.0:= Factor for shear eccentricity

φedv 1.0:= Factor for edge-effect when Sedge_long > 1.5 Sedge_trans
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b) Concrete breakout strength ACI 17.5.2 (continued)

φcv 1.4:= Factor for no cracking at service loads

φhv max 1.5
Sedge_trans

ha
⋅ 1, 









:= Factor for member thickness 

φhv 1.00=

le min hef 8 da⋅, ( ):= Limitation of 8da on maximum le allowed

le 11.00 in⋅=

Vb1 7
le

da









0.2 da

in
⋅ λ⋅

f'c
psi

⋅
Sedge_trans

in








1.5
⋅:= Basic Concrete breakout Strength -

ACI 17.5.2.2a

Vb1 83971.89= lbs

Basic Concrete breakout Strength -
ACI 17.5.2.2bVb2 9 λ⋅

f'c
psi

⋅
Sedge_trans

in








1.5
⋅:=

Vb2 60744.79= lbs

Vb min Vb1 Vb2, ( ) 60744.79=:= lbs

Vcb ϕanchor
Avc

Avco
⋅ φedv⋅ φcv⋅ φhv⋅

Vb

1000
⋅:= Vcb 133.80= kips

CHECK_ϕVcbg_capacity "OKAY" Vcb Nbolt_corner
Vu_bolt

kips
⋅≥









if

"NG" otherwise

:= Strength Cases

CHECK_ϕVcbg_capacity "OKAY"=
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c) Concrete pryout strength of anchor in shear ACI 17.5.3

kcp 2.0:= Modification Factor for hef > 2.5in

Vcp kcp Ncb⋅:=

Vcp 358.84= kips

CHECK_ϕVcp_capacity "OKAY" ϕshear Vcp⋅
Nbolt_corner Vu_bolt⋅

kips
≥









if

"NG" otherwise

:=

CHECK_ϕVcp_capacity "OKAY"=

Summary of design strengths based on steel strength, concrete breakout strength, and pryout strength:

Steel  Strength (per bolt): ϕshear Vsa⋅ 56.55 kips⋅=

Embedment Strength - Concrete breakout (3 bolts): Vcb 133.80= kips

Embedment Strength - Pryout (per bolt): ϕshear Vcp⋅ 233.24= kips

ϕVn min ϕshear Vcp⋅ kips⋅ ϕshear Vsa⋅, ( ):= ϕVn 56.55 kips⋅=
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d) Interaction of tensile and shear force ACI 17.6
Strength Cases:

CHECK_ultimate_shear "Full Strength in Tension shall be permitted" 0.2 ϕVn⋅ Vu_bolt≥( )if

"Use Eq. 17.6.3" otherwise

:=

CHECK_ultimate_shear "Use Eq. 17.6.3"=

CHECK_ultimate_tension "Full Strength in Shear shall be permitted" 0.2 ϕNn⋅ Tu_bolt≥( )if

"Use Eq. 17.6.3" otherwise

:=

CHECK_ultimate_tension "Use Eq. 17.6.3"=

Tu_bolt

ϕNn

Vu_bolt

ϕVn
+ 1.14= ACI 17.6.3 Eq.

CHECK_ultimate_interaction "OK" 1.2
Tu_bolt

ϕNn

Vu_bolt

ϕVn
+≥









if

"NG" otherwise

:=

CHECK_ultimate_interaction "OK"=
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 Part  III. Base Plate Design

a) Bearing Stress per AASHTO LRFD 5.7.5
Assume that the bearing plate is in full contact with the pylon.

Calculate Contact Stress:
Pu 467kips:= Maximum sum of bolts in compression (all load cases)

Bplate 2ft 9in+:= Width of Plate

Nplate 3ft 8in+:= Length of Plate

Provided Area of bearing plate assuming 1/4 of the
plate is in compression (1/2 the plate due to long.
moment - 1/2 the plate due to trans moment)

A1
Bplate

2








Nplate

2
⋅









:=

A1 363.00 in2⋅=

fc 8.5ksi:= Pylon Concrete Compressive Strength

m 1:= Conservatively assume m = 1 (A1=A2)

Pn 0.85 fc⋅ A1⋅ m⋅:=

Pn 2622.68 kips⋅=

ϕbearing 0.70:= Resistance factor per AASHTO LRFD 5.5.4.2

ϕPn ϕbearing Pn⋅:=

ϕPn 1835.87 kips⋅=

CHECK_Bearing "OKAY" ϕPn Pu≥( )if

"NG" otherwise

:= CHECK_Bearing "OKAY"=
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b) Plate thickness - Check bending

Pu_t1 152kips:= Bolt forces in compression within critical section (all load cases)

Pu_t2 102kips:=

d1 11in:= Distance from centroid of bolts to critical section

d2 2.0in:=

Mu Pu_t1 d1⋅ Pu_t2 d2⋅+:= Factored plate moment

Mu 156.33 kips ft⋅⋅=

t 2.75in:= Assumed plate thickness

lcritical 33.375in:= Length of critical section 

Z
lcritical t2⋅

4
:=

Z 63.10 in3⋅=

fys 36ksi:= Use 36ksi steel for base plates

ϕbending 1.0:= AASHTO LRFD 6.5.4.2 

ϕMn ϕbending Z⋅ fys⋅:=

ϕMn 189.30 kips ft⋅⋅=

CHECK_Plate "OKAY" ϕMn Mu≥( )if

"NG" otherwise

:=

CHECK_Plate "OKAY"=

Due to large longitudinal bending, also check additional possible critical section with the two outer
bolts in compression
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Pu_t3 273kips:= Maximum sum of bolts in compression (all load cases)

d3 5.0in:= Distance from centroid of 2 outside bolts to critical section

Mu2 Pu_t3 d3⋅:=

Mu2 113.75 kips ft⋅⋅= Factored plate moment

t 2.75in:= Assumed plate thickness

lcritical_2 33in:= Length of critical section 

Z2
lcritical_2 t2⋅

4
:=

Z2 62.39 in3⋅=

fys 36ksi:= Use 36ksi steel for base plates

ϕbending 1.0:= AASHTO 6.5.4.2 

ϕMn2 ϕbending Z2⋅ fys⋅:=

ϕMn2 187.17 kips ft⋅⋅=

CHECK_Plate "OKAY" ϕMn2 Mu2≥( )if

"NG" otherwise

:=

CHECK_Plate "OKAY"=

 Use 2 3/4" Thick Plate 
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 Part  IV. Check Weld Design per AASHTO LRFD: 

Check weld between pipe and base plate:

Vumax 348kips:= Maximum combined shear on pylon (Member 505)

Fexx 70 ksi⋅:= Classfication tensile strength of the weld metal

a
3
8

in:= Weld size

te 0.707 a⋅:= Effective throat dimension

te 0.27 in⋅=

Circ 5.8125ft:= Perimeter of the weld - measured in Microstation

ϕe1 0.85:= AASHTO 6.5.4.2

Rr 0.60 ϕe1⋅ Fexx⋅:= AASHTO 6.13.3.2.2b-1

Rr 5140.80 ksf⋅=

Vweld Rr Circ⋅ te⋅:=

Vweld 660.2 kips⋅=

CHECK_Weld "OKAY" Vweld Vumax≥( )if

"NG" otherwise

:= CHECK_Weld "OKAY"=
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 Part  I. Check Pylon Connection (Member 505) - Tension: 

Ultimate Loads (from AASHTO STR I & STR III Load Combinations):
Tu_bolt 41kips:= Maximum Bolt Tensile Force - Strength Cases

Tu_bolt2 41kips:= Max Corner Bolt Tensile Force - Strength Cases

Tu_bolttotal 268kips:= Max Sum of All Bolt Tensile Forces - Strength Cases

Vu_bolt 44kips:= Maximum Bolt Shear Force - Strength Cases

Materials Properties and Resistance Factor:
f'c 8500 psi⋅:= Concrete Strength

Resistance Factor for ACI Section 9.2 Combinations (for
anchor governed by concrete breakout, side-face
blowout, pullout, or pryout strength)

ϕanchor 0.70:=

Bolt Properties & Geometry:
Nbolt 8:= Number of Bolts

Nbolt_corner 1:= Number of Grouped Corner Bolts

da 1.375 in⋅:= Bolt Diameter

Effective Area of the Anchor assuming coarse threaded
bolt per PCA Notes Table 34-2Asen 1.16 in2⋅:=

Fya 105000 psi⋅:= Yield Strength of Anchor (for 1 - 3/8" diameter
F1554 bolts - Grade 105 )

Fut 125000 psi⋅:= Min. tensile strength for design

Futa min 1.9 Fya⋅ 125 ksi⋅, Fut, ( ):= Ultimate tensile strength per ACI 17.4.1.1

Futa 125.00 ksi⋅=

hef 21 in⋅:= Effective Embedment Length

ca1 17.5 in⋅:= Transverse Edge Distance to Corner Bolt

S1 25in:= Spacing Between Bolts - Transverse

S2 12in:= Spacing Between Bolts - Longitudinal
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a) Steel Strength Check ACI 17.4.1 - Check Tensile Capacity of 1 Bolt

ϕsteel 0.75:= Resistance factor for anchor governed by
strength of ductile steel element - ACI 17.3.3a

ϕNsa ϕsteel Asen⋅ Futa⋅:=

ϕNsa 108.75 kips⋅=

CHECK_Steel_Strength "OKAY" ϕNsa Tu_bolt≥( )if

"NG" otherwise

:= Strength Cases

CHECK_Steel_Strength "OKAY"=

b) Concrete Breakout Strength ACI 17.4.2
Determine Anc and Anco according to ACI 17.4.2.1:
By inspection, worst case occurs when corner bolt is in tension. The failure surface is defined by
1.5 hef from the corner bolt in both directions.

Anc 2 1.5 hef⋅( )⋅  ca1 1.5hef+( )( )⋅:=

Anc 3087.00 in2⋅=

Anco 9 hef
2⋅:=

Anco 3969.00 in2⋅= Projected area of 35 degree failure plane

CHECK_Areas "OKAY" Anco Nbolt_corner⋅ Anc≥( )if

"NG" otherwise

:=

CHECK_Areas "OKAY"=
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Calculate concrete breakout strength

φecN 1.0:= Factor accounts for No eccentricity in the connection

φedN 0.7 0.3
min ca1( )
1.5hef

⋅+:= Factor accounts for location of the anchor
near a free edge

φedN 0.87=

φcN 1.25:= Factor for cast-in-place anchors

φcpN 1.0:= Modification factor for cast-in anchors

kc 24:= For cast-in anchor

λ 1.0:= Normal weight concrete

Nb1 kc λ⋅
f'c
psi

⋅
hef

in








1.5
⋅:= Basic concrete breakout strength of a single anchor in tension

Nb1 212936= lbs

Nbmax 16 λ⋅
f'c
psi

⋅
hef

in








5
3





⋅:= Nb max for cast-in headed studs and headed bolts with 
hef >11in and <25in

Nbmax 235791.57= lbs

Nb min Nb1 Nbmax, ( ):=

Nb 212936.27= lbs

Ncb
Anc

Anco
φedN⋅ φcN⋅ φcpN⋅

Nb

1000
⋅:= Nominal concrete Breakout strength for a single anchor

Ncb 179.42= kips

ϕanchor Ncb⋅ 125.59= kips

Strength CasesCHECK_ϕNcbg_capacity "OKAY" ϕanchor Ncb⋅
Tu_bolt2

kips
≥









if

"ADD REINF" otherwise

:=

CHECK_ϕNcbg_capacity "OKAY"=
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c) Pullout Strength ACI 17.4.3
φcp 1.0:= Factor for pullout strength ACI 17.4.3.6

Conservatively assume regular Hex nut
Abrg per PCA Notes Table 34-2Abrg 2.199 in2⋅:=

Np 8 Abrg f'c⋅( )⋅:= Pullout strength in tension of a single headed bolt

Np 149.53 kips⋅=

ϕNpn ϕanchor φcp⋅ Np⋅:= Nominal Pullout strength of a single bolt

ϕNpn 104.67 kips⋅=

CHECK_ϕNpn "OKAY" ϕNpn Tu_bolt≥( )if

"NG" otherwise

:= Compare to maximum bolt tensile load 
(Strength Cases)

CHECK_ϕNpn "OKAY"=
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d) Side-Face Blowout ACI 17.4.4

Check_Sidefaceblowout "OKAY" hef 2.5 ca1⋅≤if

"CHECK BLOWOUT" otherwise

:=

Check_Sidefaceblowout "OKAY"=

 Note: Calculation of Side-Face Blowout Strength is not required since hef < 2.5*ca1.

Nsb 160
ca1

in
⋅

Abrg

in2
⋅ λ⋅

f'c
psi

⋅:=

Nsb 382807.21= lbs

Factor 1.0:= Factor does not apply since Sedge_long>3*Sedge_trans

ϕNsb ϕanchor
Nsb

1000
⋅ Factor⋅:=

Nominal Pullout strength of a single bolt
ϕNsb 267.97= kips

Strength CasesCHECK_ϕNsb_capacity "OKAY" ϕNsb
Tu_bolt

kips
≥









if

"NG" otherwise

:=

CHECK_ϕNsb_capacity "OKAY"=
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Summary of design strengths based on steel strength, concrete breakout strength, and pullout strength:

Steel  Strength (per bolt): ϕNsa 108.75 kips⋅=

Embedment Strength - Concrete breakout (one bolt): ϕanchor Ncb⋅ 125.59= kips

Embedment Strength - Pullout (per bolt): ϕNpn 104.67 kips⋅=

ϕNn min ϕNsa ϕanchor Ncb⋅ kips⋅, ϕNpn, ( ):= ϕNn 104.67 kips⋅=
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 Part  II. Check Connection - Shear: 

a) Steel strength ACI 17.5.1
Shear Resistance Factor for anchor governed by
ductile element - ACI 17.3.3aϕshear 0.65:=

RF 1.0:= (No built-up grout pad) Reduction factor for built-up grout pads
Vsa 0.6Asen Futa⋅ RF⋅:= Shear Strength for cast-in headed bolt

Vsa 87.00 kips⋅=

ϕshear Vsa⋅ 56.55 kips⋅=

CHECK_ϕVsa_capacity "OKAY" ϕshear Vsa⋅ Vu_bolt≥( )if

"NG" otherwise

:= Strength Cases

CHECK_ϕVsa_capacity "OKAY"=

b) Concrete breakout strength ACI 17.5.2

By inspection, longitudinal shear will control.  Investigate corner connection for shear on one bolt.  

Sedge_trans 17.5in:= Transverse edge distance

ha 4 ft⋅ 11in+:= Pylon length where maximum shear occurs

Avc 2 1.5⋅ Sedge_trans( ) ha⋅:= Avc 3097.50 in2⋅=

Avco 4.5 Sedge_trans
2⋅:= Avco 1378.13 in2⋅=

φecv 1.0:= Factor for shear eccentricity

φedv 1.0:= Factor for edge-effect when Sedge_long > 1.5 Sedge_trans
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b) Concrete breakout strength ACI 17.5.2 (continued)

φcv 1.4:= Factor for no cracking at service loads

φhv max 1.5
Sedge_trans

ha
⋅ 1, 









:= Factor for member thickness 

φhv 1.00=

le min hef 8 da⋅, ( ):= Limitation of 8da on maximum le allowed

le 11.00 in⋅=

Vb1 7
le

da









0.2 da

in
⋅ λ⋅

f'c
psi

⋅
Sedge_trans

in








1.5
⋅:= Basic Concrete breakout Strength -

ACI 17.5.2.2a

Vb1 83971.89= lbs

Basic Concrete breakout Strength -
ACI 17.5.2.2bVb2 9 λ⋅

f'c
psi

⋅
Sedge_trans

in








1.5
⋅:=

Vb2 60744.79= lbs

Vb min Vb1 Vb2, ( ) 60744.79=:= lbs

Vcb ϕanchor
Avc

Avco
⋅ φedv⋅ φcv⋅ φhv⋅

Vb

1000
⋅:= Vcb 133.80= kips

CHECK_ϕVcbg_capacity "OKAY" Vcb Nbolt_corner
Vu_bolt

kips
⋅≥









if

"NG" otherwise

:= Strength Cases

CHECK_ϕVcbg_capacity "OKAY"=
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c) Concrete pryout strength of anchor in shear ACI 17.5.3

kcp 2.0:= Modification Factor for hef > 2.5in

Vcp kcp Ncb⋅:=

Vcp 358.84= kips

CHECK_ϕVcp_capacity "OKAY" ϕshear Vcp⋅
Nbolt_corner Vu_bolt⋅

kips
≥









if

"NG" otherwise

:=

CHECK_ϕVcp_capacity "OKAY"=

Summary of design strengths based on steel strength, concrete breakout strength, and pryout strength:

Steel  Strength (per bolt): ϕshear Vsa⋅ 56.55 kips⋅=

Embedment Strength - Concrete breakout (per bolt): Vcb 133.80= kips

Embedment Strength - Pryout (per bolt): ϕshear Vcp⋅ 233.24= kips

ϕVn min ϕshear Vsa⋅ Vcb kips⋅, ϕshear Vcp⋅ kips⋅, ( ):= ϕVn 56.55 kips⋅=
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d) Interaction of tensile and shear force ACI 17.6
Strength Cases:

CHECK_ultimate_shear "Full Strength in Tension shall be permitted" 0.2 ϕVn⋅ Vu_bolt≥( )if

"Use Eq. 17.6.3" otherwise

:=

CHECK_ultimate_shear "Use Eq. 17.6.3"=

CHECK_ultimate_tension "Full Strength in Shear shall be permitted" 0.2 ϕNn⋅ Tu_bolt≥( )if

"Use Eq. 17.6.3" otherwise

:=

CHECK_ultimate_tension "Use Eq. 17.6.3"=

Tu_bolt

ϕNn

Vu_bolt

ϕVn
+ 1.17= ACI 17.6.3 Eq.

CHECK_ultimate_interaction "OK" 1.2
Tu_bolt

ϕNn

Vu_bolt

ϕVn
+≥









if

"NG" otherwise

:=

CHECK_ultimate_interaction "OK"=
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FIU Pedestrian Bridge
Project No. 2262.03

10/5/2016
Design by: EDL

Checked by:  MF

Calculation of Shear in Bolts

Usin Elastic Vector Method

No. bolts No. bolts
x1 (ft) 0.333 2 y1 (ft) 0.500 4
x2 (ft) 1.042 8 y2 (ft) 1.500 6

I'p (ft2) 23.40
Total No. Bolts 10

VL VT Torque Bolt 1 Bolt 2 Bolt 3 Bolt 4 Bolt 5 Bolt 6 Bolt 7 Bolt 8 Bolt 9 Bolt 10

kips kips kip*ft kips kips kips kips kips kips kips kips kips kips
STR 1/ 155 501 399 0 0 39.88 39.88 39.88 39.88 39.88 39.88 39.88 39.88 39.88 39.88 40
STR 1/ 7 501 59 0 7 6.26 6.24 6.24 6.26 6.26 6.24 6.24 6.26 6.04 6.04 6
STR 1/ 155 501 399 0 0 39.88 39.88 39.88 39.88 39.88 39.88 39.88 39.88 39.88 39.88 40
STR 1/ 9 501 53 0 -1 5.35 5.35 5.35 5.35 5.35 5.35 5.35 5.35 5.33 5.33 5
STR 1/ 101 501 396 0 0 39.61 39.61 39.61 39.61 39.61 39.61 39.61 39.61 39.61 39.61 40
STR 1/ 8 501 70 0 8 7.32 7.30 7.30 7.32 7.32 7.30 7.30 7.32 7.08 7.08 7
STR 1/ 112 501 63 0 0 6.26 6.26 6.26 6.26 6.26 6.26 6.26 6.26 6.26 6.26 6
STR 1/ 8 501 70 0 8 7.32 7.30 7.30 7.32 7.32 7.30 7.30 7.32 7.08 7.08 7
STR 1/ 112 501 63 0 0 6.26 6.26 6.26 6.26 6.26 6.26 6.26 6.26 6.26 6.26 6
STR 1/ 57 501 41 0 0 4.14 4.14 4.14 4.14 4.14 4.14 4.14 4.14 4.14 4.14 4
STR 1/ 1 501 55 0 0 5.46 5.46 5.46 5.46 5.46 5.46 5.46 5.46 5.46 5.46 5
STR 1/ 57 501 41 0 0 4.14 4.14 4.14 4.14 4.14 4.14 4.14 4.14 4.14 4.14 4
STR 1/ 8 501 70 0 8 7.32 7.30 7.30 7.32 7.32 7.30 7.30 7.32 7.08 7.08 7
STR 1/ 112 501 63 0 0 6.26 6.26 6.26 6.26 6.26 6.26 6.26 6.26 6.26 6.26 6
STR 1/ 9 501 53 0 -1 5.35 5.35 5.35 5.35 5.35 5.35 5.35 5.35 5.33 5.33 5
STR 1/ 101 501 396 0 0 39.61 39.61 39.61 39.61 39.61 39.61 39.61 39.61 39.61 39.61 40
STR 1/ 1 501 55 0 0 5.46 5.46 5.46 5.46 5.46 5.46 5.46 5.46 5.46 5.46 5
STR 1/ 101 501 396 0 0 39.61 39.61 39.61 39.61 39.61 39.61 39.61 39.61 39.61 39.61 40
STR 3/ 119 501 403 -5 -115 46.07 45.50 45.50 46.07 46.07 45.50 45.50 46.07 42.66 42.66 46
STR 3/ 5 501 48 -5 -115 12.62 10.31 10.31 12.62 12.62 10.31 10.31 12.62 10.14 10.14 13
STR 3/ 119 501 403 -5 -115 46.07 45.50 45.50 46.07 46.07 45.50 45.50 46.07 42.66 42.66 46
STR 3/ 1 501 64 -10 -230 22.90 17.63 17.63 22.90 22.90 17.63 17.63 22.90 18.49 18.49 23
STR 3/ 179 501 400 -5 -115 45.81 45.23 45.23 45.81 45.81 45.23 45.23 45.81 42.39 42.39 46
STR 3/ 5 501 48 -5 -115 12.62 10.31 10.31 12.62 12.62 10.31 10.31 12.62 10.14 10.14 13
STR 3/ 65 501 49 -5 -115 12.72 10.43 10.43 12.72 12.72 10.43 10.43 12.72 10.21 10.21 13
STR 3/ 1 501 64 -10 -230 22.90 17.63 17.63 22.90 22.90 17.63 17.63 22.90 18.49 18.49 23
STR 3/ 65 501 49 -5 -115 12.72 10.43 10.43 12.72 12.72 10.43 10.43 12.72 10.21 10.21 13
STR 3/ 125 501 46 -5 -115 12.51 10.17 10.17 12.51 12.51 10.17 10.17 12.51 10.04 10.04 13
STR 3/ 1 501 64 -10 -230 22.90 17.63 17.63 22.90 22.90 17.63 17.63 22.90 18.49 18.49 23
STR 3/ 125 501 46 -5 -115 12.51 10.17 10.17 12.51 12.51 10.17 10.17 12.51 10.04 10.04 13
STR 3/ 5 501 48 -5 -115 12.62 10.31 10.31 12.62 12.62 10.31 10.31 12.62 10.14 10.14 13
STR 3/ 65 501 49 -5 -115 12.72 10.43 10.43 12.72 12.72 10.43 10.43 12.72 10.21 10.21 13
STR 3/ 1 501 64 -10 -230 22.90 17.63 17.63 22.90 22.90 17.63 17.63 22.90 18.49 18.49 23
STR 3/ 179 501 400 -5 -115 45.81 45.23 45.23 45.81 45.81 45.23 45.23 45.81 42.39 42.39 46
STR 3/ 5 501 48 -5 -115 12.62 10.31 10.31 12.62 12.62 10.31 10.31 12.62 10.14 10.14 13
STR 3/ 179 501 400 -5 -115 45.81 45.23 45.23 45.81 45.81 45.23 45.23 45.81 42.39 42.39 46
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Project: FIU Pedestrian 
         Bridge

Project No.: 22262.03 Creating
Bridges 
as ArtDesigned by: EDL Checked by: MF  

 Tallahassee  - Denver  - Philadelphia  - Dallas

 Pipe Connection Design   - ACI Chapter 17
 Part  I. Check Canopy Connection (Member 501) - Tension: 

Ultimate Loads (from AASHTO STR I & STR III Load Combinations):
Tu_bolt 24kips:= Concurrent Bolt Tensile Force - Strength Cases

Tu_bolt2 24kips:= Concurrent Corner Bolt Tensile Force - Strength Cases

Tu_bolttotal 35kips:= Concurrent Sum of All Bolt Tensile Forces - Strength Cases

Vu_bolt 46kips:= Max Bolt Shear Force - Strength Cases

Materials Properties and Resistance Factor:
f'c 8500 psi⋅:= Concrete Strength

Resistance Factor for ACI Section 9.2 Combinations (for
anchor governed by concrete breakout, side-face
blowout, pullout, or pryout strength)

ϕanchor 0.70:=

Bolt Properties & Geometry:
Nbolt 10:= Number of Bolts

Nbolt_corner 1:= Number of Grouped Corner Bolts

da 1.375 in⋅:= Bolt Diameter

Effective Area of the Anchor assuming coarse threaded
bolt per PCA Notes Table 34-2Asen 1.16 in2⋅:=

Fya 105000 psi⋅:= Yield Strength of Anchor (for 1 - 3/8" diameter
F1554 bolts - Grade 105 )

Fut 125000 psi⋅:= Min. tensile strength for design

Futa min 1.9 Fya⋅ 125 ksi⋅, Fut, ( ):= Ultimate tensile strength per ACI 17.4.1.1

Futa 125.00 ksi⋅=

hef 21 in⋅:= Effective Embedment Length

ca1 7.0 in⋅:= Transverse Edge Distance to Corner Bolt

S1 25in:= Spacing Between Bolts - Transverse

S2 12in:= Spacing Between Bolts - Longitudinal
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Project: FIU Pedestrian
         Bridge

Project No.: 22262.03 Creating
Bridges 
as ArtDesigned by: EDL Checked by: MF  

 Tallahassee  - Denver  - Philadelphia  - Dallas

 Pipe Connection Design 

a) Steel Strength Check ACI 17.4.1 - Check Tensile Capacity of 1 Bolt

ϕsteel 0.75:= Resistance factor for anchor governed by
strength of ductile steel element - ACI 17.3.3a

ϕNsa ϕsteel Asen⋅ Futa⋅:=

ϕNsa 108.75 kips⋅=

CHECK_Steel_Strength "OKAY" ϕNsa Tu_bolt≥( )if

"NG" otherwise

:= Strength Cases

CHECK_Steel_Strength "OKAY"=

b) Concrete Breakout Strength ACI 17.4.2
Determine Anc and Anco according to ACI 17.4.2.1:
By inspection, worst case occurs when corner bolt is in tension. The failure surface is defined by
1.5 hef from the corner bolt in both directions.

Anc 2 1.5 hef⋅( )⋅  ca1 1.5hef+( )( )⋅:=

Anc 2425.50 in2⋅=

Anco 9 hef
2⋅:=

Anco 3969.00 in2⋅= Projected area of 35 degree failure plane

CHECK_Areas "OKAY" Anco Nbolt_corner⋅ Anc≥( )if

"NG" otherwise

:=

CHECK_Areas "OKAY"=
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Project: FIU Pedestrian
         Bridge

Project No.: 22262.03 Creating
Bridges 
as ArtDesigned by: EDL Checked by: MF  

 Tallahassee  - Denver  - Philadelphia  - Dallas

 Pipe Connection Design 
Calculate concrete breakout strength

φecN 1.0:= Factor accounts for No eccentricity in the connection

φedN 0.7 0.3
min ca1( )
1.5hef

⋅+:= Factor accounts for location of the anchor
near a free edge

φedN 0.77=

φcN 1.25:= Factor for cast-in-place anchors

φcpN 1.0:= Modification factor for cast-in anchors

kc 24:= For cast-in anchor

λ 1.0:= Normal weight concrete

Nb1 kc λ⋅
f'c
psi

⋅
hef

in








1.5
⋅:= Basic concrete breakout strength of a single anchor in tension

Nb1 212936= lbs

Nbmax 16 λ⋅
f'c
psi

⋅
hef

in








5
3





⋅:= Nb max for cast-in headed studs and headed bolts with 
hef >11in and <25in

Nbmax 235791.57= lbs

Nb min Nb1 Nbmax, ( ):=

Nb 212936.27= lbs

Ncb
Anc

Anco
φedN⋅ φcN⋅ φcpN⋅

Nb

1000
⋅:= Nominal concrete Breakout strength for a single anchor

Ncb 124.71= kips

ϕanchor Ncb⋅ 87.29= kips

Strength CasesCHECK_ϕNcbg_capacity "OKAY" ϕanchor Ncb⋅
Tu_bolt2

kips
≥









if

"ADD REINF" otherwise

:=

CHECK_ϕNcbg_capacity "OKAY"=
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Project: FIU Pedestrian
         Bridge

Project No.: 22262.03 Creating
Bridges 
as ArtDesigned by: EDL Checked by: MF 

 Tallahassee  - Denver  - Philadelphia  - Dallas
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fy 60ksi:= According to Section 17.5.2.9, the design strength of the anchor
reinf. shall be permitted to be used instead of the concrete breakout
strength in determining tensile capacity. ϕtension_reinf 0.75:=

Tu_bolt2 24.00 kips⋅=

As_req_tens
Tu_bolt2

ϕtension_reinf fy⋅
:= As_req_tens 0.53 in2⋅=

c) Pullout Strength ACI 17.4.3

φcp 1.0:= Factor for pullout strength ACI 17.4.3.6

Conservatively assume regular Hex nut
Abrg per PCA Notes Table 34-2Abrg 2.199 in2⋅:=

Np 8 Abrg f'c⋅( )⋅:= Pullout strength in tension of a single headed bolt

Np 149.53 kips⋅=

ϕNpn ϕanchor φcp⋅ Np⋅:= Nominal Pullout strength of a single bolt

ϕNpn 104.67 kips⋅=

CHECK_ϕNpn "OKAY" ϕNpn Tu_bolt≥( )if

"NG" otherwise

:= Compare to maximum bolt tensile load in the group
(Strength Cases)

CHECK_ϕNpn "OKAY"=
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d) Side-Face Blowout ACI 17.4.4

Check_Sidefaceblowout "OKAY" hef 2.5 ca1⋅≤if

"CHECK BLOWOUT" otherwise

:=

Check_Sidefaceblowout "CHECK BLOWOUT"=

Nsb 160
ca1

in
⋅

Abrg

in2
⋅ λ⋅

f'c
psi

⋅:=

Nsb 153122.88= lbs

Factor 1.0:= Factor does not apply since Sedge_long>3*Sedge_trans

ϕNsb ϕanchor
Nsb

1000
⋅ Factor⋅:=

ϕNsb 107.19= kips Nominal Pullout strength of a single bolt

Strength CasesCHECK_ϕNsb_capacity "OKAY" ϕNsb
Tu_bolt

kips
≥









if

"NG" otherwise

:=

CHECK_ϕNsb_capacity "OKAY"=
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Summary of design strengths based on steel strength, concrete breakout strength, and pullout strength:

Steel  Strength (per bolt): ϕNsa 108.75 kips⋅=

Embedment Strength - Concrete breakout (one bolt): ϕanchor Ncb⋅ 87.29= kips

Provide Reinforcement - 3 #7 bars

Embedment Strength - Pullout (per bolt): ϕNpn 104.67 kips⋅=

Embedment Strength - Side Face Blowout   (per bolt) ϕNsb 107.19= kips

ϕNn min ϕNsa ϕNpn, ϕNsb kips⋅, ( ):= ϕNn 104.67 kips⋅=
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 Part  II. Check Connection - Shear: 

a) Steel strength ACI 17.5.1
Shear Resistance Factor for anchor governed by
concrete pullout - ACI 17.3.3cϕshear 0.75:=

RF 0.80:= Reduction factor for built-up grout pads
Vsa 0.6Asen Futa⋅ RF⋅:= Shear Strength for cast-in headed bolt

Vsa 69.60 kips⋅=

ϕshear Vsa⋅ 52.20 kips⋅=

CHECK_ϕVsa_capacity "OKAY" ϕshear Vsa⋅ Vu_bolt≥( )if

"NG" otherwise

:= Strength Cases

CHECK_ϕVsa_capacity "OKAY"=

b) Concrete breakout strength ACI 17.5.2

By inspection, longitudinal shear will control.  Investigate corner connection for shear on one bolt.  

Sedge_trans 7.0in:= Transverse edge distance

ha 2 ft⋅ 3in+:= Pylon length where maximum shear occurs

Avc 2 1.5⋅ Sedge_trans( ) ha⋅:= Avc 567.00 in2⋅=

Avco 4.5 Sedge_trans
2⋅:= Avco 220.50 in2⋅=

φecv 1.0:= Factor for shear eccentricity

φedv 1.0:= Factor for edge-effect when Sedge_long > 1.5 Sedge_trans
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b) Concrete breakout strength ACI 17.5.2 (continued)

φcv 1.4:= Factor for no cracking at service loads

φhv max 1.5
Sedge_trans

ha
⋅ 1, 









:= Factor for member thickness 

φhv 1.00=

le min hef 8 da⋅, ( ):= Limitation of 8da on maximum le allowed

le 11.00 in⋅=

Vb1 7
le

da









0.2 da

in
⋅ λ⋅

f'c
psi

⋅
Sedge_trans

in








1.5
⋅:= Basic Concrete breakout Strength -

ACI 17.5.2.2a

Vb1 21243.39= lbs

Basic Concrete breakout Strength -
ACI 17.5.2.2bVb2 9 λ⋅

f'c
psi

⋅
Sedge_trans

in








1.5
⋅:=

Vb2 15367.35= lbs

Vb min Vb1 Vb2, ( ) 15367.35=:= lbs

Vcb ϕanchor
Avc

Avco
⋅ φedv⋅ φcv⋅ φhv⋅

Vb

1000
⋅:= Vcb 38.73= kips

CHECK_ϕVcbg_capacity "OKAY" Vcb Nbolt_corner
Vu_bolt

kips
⋅≥









if

"ADD REINF" otherwise

:= Strength Cases

CHECK_ϕVcbg_capacity "ADD REINF"=
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fy 60ksi:= According to Section 17.5.2.9, the design strength of the anchor

reinf. shall be permitted to be used instead of the concrete breakout
strength in determining shear capacity. ϕshear_reinf 0.75:=

As_req
Nbolt_corner Vu_bolt⋅

ϕshear_reinf fy⋅
:= As_req 1.02 in2⋅=

c) Concrete pryout strength of anchor in shear ACI 17.5.3

kcp 2.0:= Modification Factor for hef > 2.5in

Vcp kcp Ncb⋅:=

Vcp 249.41= kips

CHECK_ϕVcp_capacity "OKAY" ϕshear Vcp⋅
Nbolt_corner Vu_bolt⋅

kips
≥









if

"NG" otherwise

:=

CHECK_ϕVcp_capacity "OKAY"=

Summary of design strengths based on steel strength, concrete breakout strength, and pryout strength:

Steel  Strength (per bolt): ϕshear Vsa⋅ 52.20 kips⋅=

Embedment Strength - Concrete breakout (per bolt): Vcb 38.73= kips

Provide Reinforcement - 3 #6 bars

Embedment Strength - Pryout (per bolt): ϕshear Vcp⋅ 187.06= kips

ϕVn min ϕshear Vsa⋅ ϕshear Vcp⋅ kips⋅, ( ):= ϕVn 52.20 kips⋅=
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d) Interaction of tensile and shear force ACI 17.6
Strength Cases:

CHECK_ultimate_shear "Full Strength in Tension shall be permitted" 0.2 ϕVn⋅ Vu_bolt≥( )if

"Use Eq. 17.6.3" otherwise

:=

CHECK_ultimate_shear "Use Eq. 17.6.3"=

CHECK_ultimate_tension "Full Strength in Shear shall be permitted" 0.2 ϕNn⋅ Tu_bolt≥( )if

"Use Eq. 17.6.3" otherwise

:=

CHECK_ultimate_tension "Use Eq. 17.6.3"=

Tu_bolt

ϕNn

Vu_bolt

ϕVn
+ 1.11= ACI 17.6.3 Eq.

CHECK_ultimate_interaction "OK" 1.2
Tu_bolt

ϕNn

Vu_bolt

ϕVn
+≥









if

"NG" otherwise

:=

CHECK_ultimate_interaction "OK"=
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 Pipe Connection Design   - ACI Chapter 17
 Part  I. Check Canopy Connection (Member 502) - Tension: 

Ultimate Loads (from AASHTO STR I & STR III Load Combinations):
Tu_bolt 28kips:= Maximum Bolt Tensile Force - Strength Cases

Tu_bolt2 28kips:= Max Corner Bolt Tensile Force - Strength Cases

Tu_bolttotal 46kips:= Max Sum of All Bolt Tensile Forces - Strength Cases

Vu_bolt 38kips:= Concurrent Bolt Shear Force - Strength Cases

Materials Properties and Resistance Factor:
f'c 8500 psi⋅:= Concrete Strength

Resistance Factor for ACI Section 9.2 Combinations (for
anchor governed by concrete breakout, side-face
blowout, pullout, or pryout strength)

ϕanchor 0.70:=

Bolt Properties & Geometry:
Nbolt 8:= Number of Bolts

Nbolt_corner 1:= Number of Grouped Corner Bolts

da 1.375 in⋅:= Bolt Diameter

Effective Area of the Anchor assuming coarse threaded
bolt per PCA Notes Table 34-2Asen 1.16 in2⋅:=

Fya 105000 psi⋅:= Yield Strength of Anchor (for 1 - 3/8" diameter
F1554 bolts - Grade 105 )

Fut 125000 psi⋅:= Min. tensile strength for design

Futa min 1.9 Fya⋅ 125 ksi⋅, Fut, ( ):= Ultimate tensile strength per ACI 17.4.1.1

Futa 125.00 ksi⋅=

hef 21 in⋅:= Effective Embedment Length

ca1 7.0 in⋅:= Transverse Edge Distance to Corner Bolt

S1 25in:= Spacing Between Bolts - Transverse

S2 12in:= Spacing Between Bolts - Longitudinal
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a) Steel Strength Check ACI 17.4.1 - Check Tensile Capacity of 1 Bolt

ϕsteel 0.75:= Resistance factor for anchor governed by
strength of ductile steel element - ACI 17.3.3a

ϕNsa ϕsteel Asen⋅ Futa⋅:=

ϕNsa 108.75 kips⋅=

CHECK_Steel_Strength "OKAY" ϕNsa Tu_bolt≥( )if

"NG" otherwise

:= Strength Cases

CHECK_Steel_Strength "OKAY"=

b) Concrete Breakout Strength ACI 17.4.2
Determine Anc and Anco according to ACI 17.4.2.1:
By inspection, worst case occurs when corner bolt is in tension. The failure surface is defined by
1.5 hef from the corner bolt in both directions.

Anc 2 1.5 hef⋅( )⋅  ca1 1.5hef+( )( )⋅:=

Anc 2425.50 in2⋅=

Anco 9 hef
2⋅:=

Anco 3969.00 in2⋅= Projected area of 35 degree failure plane
CHECK_Areas "OKAY" Anco Nbolt_corner⋅ Anc≥( )if

"NG" otherwise

:=

CHECK_Areas "OKAY"=
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Calculate concrete breakout strength

φecN 1.0:= Factor accounts for No eccentricity in the connection

φedN 0.7 0.3
min ca1( )
1.5hef

⋅+:= Factor accounts for location of the anchor
near a free edge

φedN 0.77=

φcN 1.25:= Factor for cast-in-place anchors

φcpN 1.0:= Modification factor for cast-in anchors

kc 24:= For cast-in anchor

λ 1.0:= Normal weight concrete

Nb1 kc λ⋅
f'c
psi

⋅
hef

in








1.5
⋅:= Basic concrete breakout strength of a single anchor in tension

Nb1 212936= lbs

Nbmax 16 λ⋅
f'c
psi

⋅
hef

in








5
3





⋅:= Nb max for cast-in headed studs and headed bolts with 
hef >11in and <25in

Nbmax 235791.57= lbs

Nb min Nb1 Nbmax, ( ):=

Nb 212936.27= lbs

Ncb
Anc

Anco
φedN⋅ φcN⋅ φcpN⋅

Nb

1000
⋅:= Nominal concrete Breakout strength for a single anchor

Ncb 124.71= kips

ϕanchor Ncb⋅ 87.29= kips

Strength CasesCHECK_ϕNcbg_capacity "OKAY" ϕanchor Ncb⋅
Tu_bolt2

kips
≥









if

"ADD REINF" otherwise

:=

CHECK_ϕNcbg_capacity "OKAY"=
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c) Pullout Strength ACI 17.4.3
φcp 1.0:= Factor for pullout strength ACI 17.4.3.6

Conservatively assume regular Hex nut
Abrg per PCA Notes Table 34-2Abrg 2.199 in2⋅:=

Np 8 Abrg f'c⋅( )⋅:= Pullout strength in tension of a single headed bolt

Np 149.53 kips⋅=

ϕNpn ϕanchor φcp⋅ Np⋅:= Nominal Pullout strength of a single bolt

ϕNpn 104.67 kips⋅=

CHECK_ϕNpn "OKAY" ϕNpn Tu_bolt≥( )if

"NG" otherwise

:= Compare to maximum bolt tensile load in the group
(Strength Cases)

CHECK_ϕNpn "OKAY"=
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d) Side-Face Blowout ACI 17.4.4

Check_Sidefaceblowout "OKAY" hef 2.5 ca1⋅≤if

"CHECK BLOWOUT" otherwise

:=

Check_Sidefaceblowout "CHECK BLOWOUT"=

Nsb 160
ca1

in
⋅

Abrg

in2
⋅ λ⋅

f'c
psi

⋅:=

Nsb 153122.88= lbs

Factor 1.0:= Factor does not apply since Sedge_long>3*Sedge_trans

ϕNsb ϕanchor
Nsb

1000
⋅ Factor⋅:=

ϕNsb 107.19= kips Nominal Pullout strength of a single bolt

Strength CasesCHECK_ϕNsb_capacity "OKAY" ϕNsb
Tu_bolt

kips
≥









if

"NG" otherwise

:=

CHECK_ϕNsb_capacity "OKAY"=

Page 190 of 397



Project: FIU Pedestrian
         Bridge

Project No.: 22262.03 Creating
Bridges 
as ArtDesigned by: EDL Checked by: 

 Tallahassee  - Denver  - Philadelphia  - Dallas

 Pipe Connection Design 

Summary of design strengths based on steel strength, concrete breakout strength, and pullout strength:

Steel  Strength (per bolt): ϕNsa 108.75 kips⋅=

Embedment Strength - Concrete breakout (one bolt): ϕanchor Ncb⋅ 87.29= kips

Embedment Strength - Pullout (per bolt): ϕNpn 104.67 kips⋅=

Embedment Strength - Side Face Blowout   (per bolt) ϕNsb 107.19= kips

ϕNn min ϕNsa ϕanchor Ncb⋅ kips⋅, ϕNpn, ϕNsb kips⋅, ( ):= ϕNn 87.29 kips⋅=
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 Part  II. Check Connection - Shear: 

a) Steel strength ACI 17.5.1
Shear Resistance Factor for anchor governed by
concrete breakout - ACI 17.3.3cϕshear 0.70:=

RF 0.80:= Reduction factor for built-up grout pads
Vsa 0.6Asen Futa⋅ RF⋅:= Shear Strength for cast-in headed bolt

Vsa 69.60 kips⋅=

ϕshear Vsa⋅ 48.72 kips⋅=

CHECK_ϕVsa_capacity "OKAY" ϕshear Vsa⋅ Vu_bolt≥( )if

"NG" otherwise

:= Strength Cases

CHECK_ϕVsa_capacity "OKAY"=

b) Concrete breakout strength ACI 17.5.2

By inspection, longitudinal shear will control.  Investigate corner connection for shear on one bolt.  

Sedge_trans 7.0in:= Transverse edge distance

ha 2 ft⋅ 3in+:= Pylon length where maximum shear occurs

Avc 2 1.5⋅ Sedge_trans( ) ha⋅:= Avc 567.00 in2⋅=

Avco 4.5 Sedge_trans
2⋅:= Avco 220.50 in2⋅=

φecv 1.0:= Factor for shear eccentricity

φedv 1.0:= Factor for edge-effect when Sedge_long > 1.5 Sedge_trans
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b) Concrete breakout strength ACI 17.5.2 (continued)

φcv 1.4:= Factor for no cracking at service loads

φhv max 1.5
Sedge_trans

ha
⋅ 1, 









:= Factor for member thickness 

φhv 1.00=

le min hef 8 da⋅, ( ):= Limitation of 8da on maximum le allowed

le 11.00 in⋅=

Vb1 7
le

da









0.2 da

in
⋅ λ⋅

f'c
psi

⋅
Sedge_trans

in








1.5
⋅:= Basic Concrete breakout Strength -

ACI 17.5.2.2a

Vb1 21243.39= lbs

Basic Concrete breakout Strength -
ACI 17.5.2.2bVb2 9 λ⋅

f'c
psi

⋅
Sedge_trans

in








1.5
⋅:=

Vb2 15367.35= lbs

Vb min Vb1 Vb2, ( ) 15367.35=:= lbs

Vcb ϕanchor
Avc

Avco
⋅ φedv⋅ φcv⋅ φhv⋅

Vb

1000
⋅:= Vcb 38.73= kips

CHECK_ϕVcbg_capacity "OKAY" Vcb Nbolt_corner
Vu_bolt

kips
⋅≥









if

"NG" otherwise

:= Strength Cases

CHECK_ϕVcbg_capacity "OKAY"=
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fy 60ksi:= According to Section 17.5.2.9, the design strength of the anchor
reinf. shall be permitted to be used instead of the concrete breakout
strength in determining shear capacity. ϕshear_reinf 0.75:=

As_req
Nbolt_corner Vu_bolt⋅

ϕshear_reinf fy⋅
:= As_req 0.84 in2⋅=

c) Concrete pryout strength of anchor in shear ACI 17.5.3

kcp 2.0:= Modification Factor for hef > 2.5in

Vcp kcp Ncb⋅:=

Vcp 249.41= kips

CHECK_ϕVcp_capacity "OKAY" ϕshear Vcp⋅
Nbolt_corner Vu_bolt⋅

kips
≥









if

"NG" otherwise

:=

CHECK_ϕVcp_capacity "OKAY"=

Summary of design strengths based on steel strength, concrete breakout strength, and pryout strength:

Steel  Strength (per bolt): ϕshear Vsa⋅ 48.72 kips⋅=

Embedment Strength - Concrete breakout (per bolt): Vcb 38.73= kips

Provide reinforcement - 2 #6 bars

Embedment Strength - Pryout (per bolt): ϕshear Vcp⋅ 174.59= kips

ϕVn min ϕshear Vsa⋅ ϕshear Vcp⋅ kips⋅, ( ):= ϕVn 48.72 kips⋅=
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d) Interaction of tensile and shear force ACI 17.6
Strength Cases:

CHECK_ultimate_shear "Full Strength in Tension shall be permitted" 0.2 ϕVn⋅ Vu_bolt≥( )if

"Use Eq. 17.6.3" otherwise

:=

CHECK_ultimate_shear "Use Eq. 17.6.3"=

CHECK_ultimate_tension "Full Strength in Shear shall be permitted" 0.2 ϕNn⋅ Tu_bolt≥( )if

"Use Eq. 17.6.3" otherwise

:=

CHECK_ultimate_tension "Use Eq. 17.6.3"=

Tu_bolt

ϕNn

Vu_bolt

ϕVn
+ 1.10= ACI 17.6.3 Eq.

CHECK_ultimate_interaction "OK" 1.2
Tu_bolt

ϕNn

Vu_bolt

ϕVn
+≥









if

"NG" otherwise

:=

CHECK_ultimate_interaction "OK"=
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Sum-It: Figg Bridge Engineers, Inc.
Limit State Load Combinations

File Name: Pylon Anchor Forces_Member End Forces_Global.sum

Page 13 of 36
9/30/2016

 2:03:20 PM

Limit State: STRENGTH I

FR Friction

LF: 1

FR1: CR+SH+PT_EOC

FR2: CR+SH+PT_D10K

TU Uniform Temperature

LF: 0.5

TU1: TU-

TU2: TU+

TU3: TU+Temp. Diff.

DW DL Wearing Surfaces & Utilities

LF1: 1.5

LF2: 0.65

DW1: DW

LL Vehicular Live Load

LF: 1.75

LL1: LL1_Deck

LL2: LL2_Deck

LL3: LL3_Deck

LL4: LL1_Roof

LL5: LL2_Roof

LL6: LL3_Roof

LL7: LL1_Deck Offset

LL8: LL2_Deck Offset

LL9: LL3_Deck Offset

DC DL Structural Components & Attachments

LF1: 1.25

LF2: 0.9

DC1: DC

Combo ID Load Combinations

STR 1/ 1 1.00*(DW1*1.50 + DC1*1.25 + FR1*1.00 + TU1*0.50 + LL1*1.75)

STR 1/ 2 1.00*(DW1*1.50 + DC1*1.25 + FR1*1.00 + TU1*0.50 + LL2*1.75)

STR 1/ 3 1.00*(DW1*1.50 + DC1*1.25 + FR1*1.00 + TU1*0.50 + LL3*1.75)

STR 1/ 4 1.00*(DW1*1.50 + DC1*1.25 + FR1*1.00 + TU1*0.50 + LL4*1.75)

STR 1/ 5 1.00*(DW1*1.50 + DC1*1.25 + FR1*1.00 + TU1*0.50 + LL5*1.75)

STR 1/ 6 1.00*(DW1*1.50 + DC1*1.25 + FR1*1.00 + TU1*0.50 + LL6*1.75)

STR 1/ 7 1.00*(DW1*1.50 + DC1*1.25 + FR1*1.00 + TU1*0.50 + LL7*1.75)

STR 1/ 8 1.00*(DW1*1.50 + DC1*1.25 + FR1*1.00 + TU1*0.50 + LL8*1.75)

STR 1/ 9 1.00*(DW1*1.50 + DC1*1.25 + FR1*1.00 + TU1*0.50 + LL9*1.75)

STR 1/ 10 1.00*(DW1*1.50 + DC1*1.25 + FR1*1.00 + TU2*0.50 + LL1*1.75)

STR 1/ 11 1.00*(DW1*1.50 + DC1*1.25 + FR1*1.00 + TU2*0.50 + LL2*1.75)

STR 1/ 12 1.00*(DW1*1.50 + DC1*1.25 + FR1*1.00 + TU2*0.50 + LL3*1.75)

STR 1/ 13 1.00*(DW1*1.50 + DC1*1.25 + FR1*1.00 + TU2*0.50 + LL4*1.75)

STR 1/ 14 1.00*(DW1*1.50 + DC1*1.25 + FR1*1.00 + TU2*0.50 + LL5*1.75)

STR 1/ 15 1.00*(DW1*1.50 + DC1*1.25 + FR1*1.00 + TU2*0.50 + LL6*1.75)

STR 1/ 16 1.00*(DW1*1.50 + DC1*1.25 + FR1*1.00 + TU2*0.50 + LL7*1.75)

STR 1/ 17 1.00*(DW1*1.50 + DC1*1.25 + FR1*1.00 + TU2*0.50 + LL8*1.75)

STR 1/ 18 1.00*(DW1*1.50 + DC1*1.25 + FR1*1.00 + TU2*0.50 + LL9*1.75)

STR 1/ 19 1.00*(DW1*1.50 + DC1*1.25 + FR1*1.00 + TU3*0.50 + LL1*1.75)

STR 1/ 20 1.00*(DW1*1.50 + DC1*1.25 + FR1*1.00 + TU3*0.50 + LL2*1.75)
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Sum-It: AASHTO LRFD Load Combination Generator
Figg Bridge Engineers, Inc.

User's Load Input
File Name: Pylon Anchor Forces_Member End Forces_Global.sum

Page 18 of 36
9/30/2016

 2:03:21 PM

Limit State: STRENGTH I

FR Friction

LF: 1

FR1: CR+SH+PT_EOC

FR2: CR+SH+PT_D10K

TU Uniform Temperature

LF: 0.5

TU1: TU-

TU2: TU+

TU3: TU+Temp. Diff.

DW DL Wearing Surfaces & Utilities

LF1: 1.5

LF2: 0.65

DW1: DW

LL Vehicular Live Load

LF: 1.75

LL1: LL1_Deck

LL2: LL2_Deck

LL3: LL3_Deck

LL4: LL1_Roof

LL5: LL2_Roof

LL6: LL3_Roof

LL7: LL1_Deck Offset

LL8: LL2_Deck Offset

LL9: LL3_Deck Offset

DC DL Structural Components & Attachments

LF1: 1.25

LF2: 0.9

DC1: DC

Load 
(Row) 
Number

User's Load ID Member ID Joint ID Fx (kips) Fy (kips) Fz (kips)
Mx 

(ft*kip)
My 

(ft*kip)
Mz 

(ft*kip)

1 CR+SH+PT_D10K 501 411 -296.8 0 -134.7 0 14 0

2 CR+SH+PT_D10K 502 410 -97.2 0 -48.8 0 17 0

3 CR+SH+PT_D10K 503 409 16.4 0 10 0 17.6 0

4 CR+SH+PT_D10K 504 408 83.6 0 64.1 0 18.4 0

5 CR+SH+PT_D10K 505 407 110.9 0 141.7 0 15.8 0

6 CR+SH+PT_D10K 601 411 270.4 0 -213.4 0 -9 0

7 CR+SH+PT_D10K 602 410 101.1 0 -84.6 0 -7.1 0

8 CR+SH+PT_D10K 603 409 -10.1 0 9.4 0 -3.6 0

9 CR+SH+PT_D10K 604 408 -76.2 0 78.4 0 -0.8 0

10 CR+SH+PT_D10K 605 407 -90.3 0 113 0 -2.7 0

1 CR+SH+PT_EOC 501 411 -99.3 0 -45.1 0 5.3 0

2 CR+SH+PT_EOC 502 410 -20.6 0 -10.3 0 6.4 0

3 CR+SH+PT_EOC 503 409 25.7 0 15.3 0 6.7 0

4 CR+SH+PT_EOC 504 408 53.5 0 40.9 0 7 0

5 CR+SH+PT_EOC 505 407 61.7 0 78.7 0 6.1 0

6 CR+SH+PT_EOC 601 411 86.5 0 -68.2 0 -5.1 0

7 CR+SH+PT_EOC 602 410 23.7 0 -19.7 0 -4.4 0

8 CR+SH+PT_EOC 603 409 -21.4 0 19.6 0 -3 0

9 CR+SH+PT_EOC 604 408 -50.9 0 52.4 0 -1.5 0

10 CR+SH+PT_EOC 605 407 -56.4 0 70.6 0 -2.2 0
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Load 
(Row) 
Number

User's Load ID Member ID Joint ID Fx (kips) Fy (kips) Fz (kips)
Mx 

(ft*kip)
My 

(ft*kip)
Mz 

(ft*kip)

1 DC 501 411 -4.3 0 14.9 0 384.5 0

2 DC 502 410 6.3 0 17 0 251.7 0

3 DC 503 409 14.9 0 19.5 0 147.5 0

4 DC 504 408 19.9 0 22.9 0 71.5 0

5 DC 505 407 16.2 0 25.5 0 23.1 0

6 DC 601 411 -12 0 20.4 0 -140.1 0

7 DC 602 410 -13.6 0 20.8 0 -102 0

8 DC 603 409 -12.1 0 19 0 -69.6 0

9 DC 604 408 -10.2 0 16.9 0 -43.3 0

10 DC 605 407 -6.6 0 13.3 0 -23.2 0

1 DW 501 411 1.4 0 0.7 0 0.9 0

2 DW 502 410 10 0 5.1 0 1.2 0

3 DW 503 409 14.3 0 8.5 0 1.2 0

4 DW 504 408 15.8 0 12 0 1 0

5 DW 505 407 13.2 0 16.8 0 0.7 0

6 DW 601 411 -6.5 0 5.1 0 0.9 0

7 DW 602 410 -9.5 0 8 0 1.1 0

8 DW 603 409 -11.7 0 10.6 0 1 0

9 DW 604 408 -13 0 13.3 0 0.8 0

10 DW 605 407 -10.5 0 13.1 0 0.7 0

1 LL1_Deck 501 411 5.1 0 2.4 0 3.2 0

2 LL1_Deck 502 410 36.4 0 18.5 0 4.5 0

3 LL1_Deck 503 409 52.2 0 30.9 0 4.2 0

4 LL1_Deck 504 408 57.6 0 43.9 0 3.8 0

5 LL1_Deck 505 407 48.2 0 61.4 0 2.6 0

6 LL1_Deck 601 411 -23.6 0 18.6 0 3.3 0

7 LL1_Deck 602 410 -34.8 0 29.1 0 3.8 0

8 LL1_Deck 603 409 -42.8 0 38.9 0 3.6 0

9 LL1_Deck 604 408 -47.4 0 48.7 0 3.1 0

10 LL1_Deck 605 407 -38.4 0 47.8 0 2.6 0

1 LL1_Deck Offset 501 411 2.5 -0.1 1.2 0.7 1.6 3.7

2 LL1_Deck Offset 502 410 18.2 -0.1 9.2 0.3 2.3 3.6

3 LL1_Deck Offset 503 409 26.1 -0.1 15.5 -0.2 2.1 3.2

4 LL1_Deck Offset 504 408 28.8 -0.1 22 -0.6 1.9 2.8

5 LL1_Deck Offset 505 407 24.1 0 30.7 -0.5 1.3 1.1

6 LL1_Deck Offset 601 411 -11.8 0 9.3 -0.4 1.7 -0.5

7 LL1_Deck Offset 602 410 -17.4 0 14.5 -0.3 1.9 0

8 LL1_Deck Offset 603 409 -21.4 0.1 19.5 0 1.8 0.5

9 LL1_Deck Offset 604 408 -23.7 0.1 24.3 0.4 1.5 1.1

10 LL1_Deck Offset 605 407 -19.2 0.1 23.9 0.8 1.3 1

1 LL1_Roof 501 411 1.2 0 0.5 0 -0.8 0

2 LL1_Roof 502 410 4.1 0 2.1 0 0.8 0

3 LL1_Roof 503 409 5.9 0 3.5 0 0.5 0

4 LL1_Roof 504 408 6.9 0 5.3 0 0.5 0

5 LL1_Roof 505 407 6.2 0 7.9 0 0.3 0

6 LL1_Roof 601 411 -3.2 0 2.5 0 0.5 0

7 LL1_Roof 602 410 -4.2 0 3.6 0 0.5 0

8 LL1_Roof 603 409 -5.1 0 4.6 0 0.5 0

9 LL1_Roof 604 408 -5.2 0 5.4 0 0.4 0

10 LL1_Roof 605 407 -5.1 0 6.3 0 0 0

1 LL2_Deck 501 411 -6.7 0 -3 0 4.5 0

2 LL2_Deck 502 410 24.7 0 12.6 0 6.2 0

3 LL2_Deck 503 409 39.7 0 23.6 0 6 0

4 LL2_Deck 504 408 45.8 0 35 0 5.5 0

5 LL2_Deck 505 407 43.7 0 55.7 0 4 0

6 LL2_Deck 601 411 -20.7 0 16.2 0 6 0

7 LL2_Deck 602 410 -24.4 0 20.3 0 7.1 0

8 LL2_Deck 603 409 -28.3 0 25.6 0 6.8 0

9 LL2_Deck 604 408 -28.8 0 29.4 0 5.7 0

10 LL2_Deck 605 407 -22.4 0 27.7 0 4 0
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Load 
(Row) 
Number

User's Load ID Member ID Joint ID Fx (kips) Fy (kips) Fz (kips)
Mx 

(ft*kip)
My 

(ft*kip)
Mz 

(ft*kip)

1 LL2_Deck Offset 501 411 -3.4 -0.1 -1.5 0.9 2.2 3.8

2 LL2_Deck Offset 502 410 12.3 -0.1 6.3 0.5 3.1 3.8

3 LL2_Deck Offset 503 409 19.9 -0.1 11.8 0 3 3.5

4 LL2_Deck Offset 504 408 22.9 -0.1 17.5 -0.7 2.8 3.3

5 LL2_Deck Offset 505 407 21.8 -0.1 27.9 -0.9 2 1.5

6 LL2_Deck Offset 601 411 -10.4 0 8.1 -0.1 3 0.9

7 LL2_Deck Offset 602 410 -12.2 0.1 10.2 0.1 3.5 1

8 LL2_Deck Offset 603 409 -14.2 0.1 12.8 0.3 3.4 1.1

9 LL2_Deck Offset 604 408 -14.4 0.1 14.7 0.5 2.8 1.2

10 LL2_Deck Offset 605 407 -11.2 0.1 13.9 0.9 2 1.1

1 LL2_Roof 501 411 -0.2 0 -0.1 0 -0.7 0

2 LL2_Roof 502 410 2.8 0 1.4 0 1 0

3 LL2_Roof 503 409 4.5 0 2.6 0 0.7 0

4 LL2_Roof 504 408 5.5 0 4.2 0 0.7 0

5 LL2_Roof 505 407 5.5 0 7 0 0.5 0

6 LL2_Roof 601 411 -2.7 0 2.1 0 0.7 0

7 LL2_Roof 602 410 -3 0 2.5 0 0.8 0

8 LL2_Roof 603 409 -3.4 0 3.1 0 0.8 0

9 LL2_Roof 604 408 -3.5 0 3.6 0 0.7 0

10 LL2_Roof 605 407 -2.8 0 3.5 0 0.5 0

1 LL3_Deck 501 411 11.8 0 5.4 0 -1.3 0

2 LL3_Deck 502 410 11.7 0 5.9 0 -1.7 0

3 LL3_Deck 503 409 12.5 0 7.3 0 -1.8 0

4 LL3_Deck 504 408 11.8 0 8.9 0 -1.7 0

5 LL3_Deck 505 407 4.5 0 5.6 0 -1.5 0

6 LL3_Deck 601 411 -3 0 2.4 0 -2.7 0

7 LL3_Deck 602 410 -10.3 0 8.8 0 -3.3 0

8 LL3_Deck 603 409 -14.5 0 13.4 0 -3.2 0

9 LL3_Deck 604 408 -18.7 0 19.3 0 -2.6 0

10 LL3_Deck 605 407 -16 0 20.1 0 -1.4 0

1 LL3_Deck Offset 501 411 5.9 0 2.7 -0.2 -0.6 -0.1

2 LL3_Deck Offset 502 410 5.9 0 2.9 -0.2 -0.8 -0.2

3 LL3_Deck Offset 503 409 6.2 0 3.7 -0.2 -0.9 -0.3

4 LL3_Deck Offset 504 408 5.9 0 4.5 0 -0.9 -0.5

5 LL3_Deck Offset 505 407 2.3 0.1 2.8 0.4 -0.7 -0.5

6 LL3_Deck Offset 601 411 -1.5 0 1.2 -0.4 -1.4 -1.4

7 LL3_Deck Offset 602 410 -5.2 0 4.4 -0.4 -1.6 -1

8 LL3_Deck Offset 603 409 -7.3 0 6.7 -0.3 -1.6 -0.6

9 LL3_Deck Offset 604 408 -9.3 0 9.7 -0.1 -1.3 -0.2

10 LL3_Deck Offset 605 407 -8 0 10.1 -0.1 -0.7 -0.1

1 LL3_Roof 501 411 1.4 0 0.6 0 -0.1 0

2 LL3_Roof 502 410 1.3 0 0.7 0 -0.2 0

3 LL3_Roof 503 409 1.4 0 0.9 0 -0.2 0

4 LL3_Roof 504 408 1.4 0 1.1 0 -0.2 0

5 LL3_Roof 505 407 0.7 0 0.8 0 -0.2 0

6 LL3_Roof 601 411 -0.5 0 0.4 0 -0.3 0

7 LL3_Roof 602 410 -1.2 0 1 0 -0.4 0

8 LL3_Roof 603 409 -1.6 0 1.5 0 -0.4 0

9 LL3_Roof 604 408 -1.7 0 1.8 0 -0.3 0

10 LL3_Roof 605 407 -2.2 0 2.8 0 -0.5 0

1 TU- 501 411 78.1 0 35.5 0 0.6 0

2 TU- 502 410 54.9 0 27.8 0 0.4 0

3 TU- 503 409 39.6 0 23.4 0 0.9 0

4 TU- 504 408 36.7 0 28 0 1.7 0

5 TU- 505 407 65.5 0 83.5 0 3.9 0

6 TU- 601 411 -78.5 0 62 0 0.1 0

7 TU- 602 410 -55 0 46.2 0 0.1 0

8 TU- 603 409 -41.6 0 38 0 -0.6 0

9 TU- 604 408 -41.2 0 42.5 0 -1.6 0

10 TU- 605 407 -55.3 0 69.5 0 -3.3 0
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Load 
(Row) 
Number

User's Load ID Member ID Joint ID Fx (kips) Fy (kips) Fz (kips)
Mx 

(ft*kip)
My 

(ft*kip)
Mz 

(ft*kip)

1 TU+ 501 411 -78.1 0 -35.5 0 -0.6 0

2 TU+ 502 410 -54.9 0 -27.8 0 -0.4 0

3 TU+ 503 409 -39.6 0 -23.4 0 -0.9 0

4 TU+ 504 408 -36.7 0 -28 0 -1.7 0

5 TU+ 505 407 -65.5 0 -83.5 0 -3.9 0

6 TU+ 601 411 78.5 0 -62 0 -0.1 0

7 TU+ 602 410 55 0 -46.2 0 -0.1 0

8 TU+ 603 409 41.6 0 -38 0 0.6 0

9 TU+ 604 408 41.2 0 -42.5 0 1.6 0

10 TU+ 605 407 55.3 0 -69.5 0 3.3 0

1 TU+Temp. Diff. 501 411 -171.7 0 -78 0 0.7 0

2 TU+Temp. Diff. 502 410 -119.7 0 -60.5 0 1.5 0

3 TU+Temp. Diff. 503 409 -81.5 0 -48.1 0 1.2 0

4 TU+Temp. Diff. 504 408 -57.8 0 -44 0 0.8 0

5 TU+Temp. Diff. 505 407 -72 0 -91.8 0 -2.1 0

6 TU+Temp. Diff. 601 411 173.2 0 -136.8 0 -1.6 0

7 TU+Temp. Diff. 602 410 117.3 0 -98.4 0 -1.4 0

8 TU+Temp. Diff. 603 409 80.3 0 -73.3 0 -0.3 0

9 TU+Temp. Diff. 604 408 63.4 0 -65.3 0 0.9 0

10 TU+Temp. Diff. 605 407 65.3 0 -82 0 3.1 0
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Limit State Load Combinations

File Name: Pylon Anchor Forces_Member End Forces_Global.sum
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 2:03:24 PM

Limit State: STRENGTH III

FR Friction

LF: 1

FR1: CR+SH+PT_EOC

FR2: CR+SH+PT_D10K

DC DL Structural Components & Attachments

LF1: 1.25

LF2: 0.9

DC1: DC

TU Uniform Temperature

LF: 0.5

TU1: TU-

TU2: TU+

TU3: TU+Temp. Diff.

WS Wind Load on Structure

LF: 1.4

WS1: WS_0 DEG

WS2: WS_15 DEG

WS3: WS_30 DEG

WS4: WS_45 DEG

WS5: WS_60 DEG

WS6: WS_-15 DEG

WS7: WS_-30 DEG

WS8: WS_-45 DEG

WS9: WS_-60 DEG

WS10: WS+WUP

DW DL Wearing Surfaces & Utilities

LF1: 1.5

LF2: 0.65

DW1: DW

Combo ID Load Combinations

STR 3/ 1 1.00*(DC1*1.25 + DW1*1.50 + FR1*1.00 + TU1*0.50 + WS1*1.40)

STR 3/ 2 1.00*(DC1*1.25 + DW1*1.50 + FR1*1.00 + TU1*0.50 + WS2*1.40)

STR 3/ 3 1.00*(DC1*1.25 + DW1*1.50 + FR1*1.00 + TU1*0.50 + WS3*1.40)

STR 3/ 4 1.00*(DC1*1.25 + DW1*1.50 + FR1*1.00 + TU1*0.50 + WS4*1.40)

STR 3/ 5 1.00*(DC1*1.25 + DW1*1.50 + FR1*1.00 + TU1*0.50 + WS5*1.40)

STR 3/ 6 1.00*(DC1*1.25 + DW1*1.50 + FR1*1.00 + TU1*0.50 + WS6*1.40)

STR 3/ 7 1.00*(DC1*1.25 + DW1*1.50 + FR1*1.00 + TU1*0.50 + WS7*1.40)

STR 3/ 8 1.00*(DC1*1.25 + DW1*1.50 + FR1*1.00 + TU1*0.50 + WS8*1.40)

STR 3/ 9 1.00*(DC1*1.25 + DW1*1.50 + FR1*1.00 + TU1*0.50 + WS9*1.40)

STR 3/ 10 1.00*(DC1*1.25 + DW1*1.50 + FR1*1.00 + TU1*0.50 + WS10*1.40)

STR 3/ 11 1.00*(DC1*1.25 + DW1*1.50 + FR1*1.00 + TU2*0.50 + WS1*1.40)

STR 3/ 12 1.00*(DC1*1.25 + DW1*1.50 + FR1*1.00 + TU2*0.50 + WS2*1.40)

STR 3/ 13 1.00*(DC1*1.25 + DW1*1.50 + FR1*1.00 + TU2*0.50 + WS3*1.40)

STR 3/ 14 1.00*(DC1*1.25 + DW1*1.50 + FR1*1.00 + TU2*0.50 + WS4*1.40)

STR 3/ 15 1.00*(DC1*1.25 + DW1*1.50 + FR1*1.00 + TU2*0.50 + WS5*1.40)

STR 3/ 16 1.00*(DC1*1.25 + DW1*1.50 + FR1*1.00 + TU2*0.50 + WS6*1.40)

STR 3/ 17 1.00*(DC1*1.25 + DW1*1.50 + FR1*1.00 + TU2*0.50 + WS7*1.40)

STR 3/ 18 1.00*(DC1*1.25 + DW1*1.50 + FR1*1.00 + TU2*0.50 + WS8*1.40)

STR 3/ 19 1.00*(DC1*1.25 + DW1*1.50 + FR1*1.00 + TU2*0.50 + WS9*1.40)

Page 226 of 397



Sum-It: AASHTO LRFD Load Combination Generator
Figg Bridge Engineers, Inc.

User's Load Input
File Name: Pylon Anchor Forces_Member End Forces_Global.sum

Page 33 of 36
9/30/2016

 2:03:25 PM

Limit State: STRENGTH III

FR Friction

LF: 1

FR1: CR+SH+PT_EOC

FR2: CR+SH+PT_D10K

DC DL Structural Components & Attachments

LF1: 1.25

LF2: 0.9

DC1: DC

TU Uniform Temperature

LF: 0.5

TU1: TU-

TU2: TU+

TU3: TU+Temp. Diff.

WS Wind Load on Structure

LF: 1.4

WS1: WS_0 DEG

WS2: WS_15 DEG

WS3: WS_30 DEG

WS4: WS_45 DEG

WS5: WS_60 DEG

WS6: WS_-15 DEG

WS7: WS_-30 DEG

WS8: WS_-45 DEG

WS9: WS_-60 DEG

WS10: WS+WUP

DW DL Wearing Surfaces & Utilities

LF1: 1.5

LF2: 0.65

DW1: DW

Load 
(Row) 
Number

User's Load ID Member ID Joint ID Fx (kips) Fy (kips) Fz (kips)
Mx 

(ft*kip)
My 

(ft*kip)
Mz 

(ft*kip)

1 CR+SH+PT_D10K 501 411 -296.8 0 -134.7 0 14 0

2 CR+SH+PT_D10K 502 410 -97.2 0 -48.8 0 17 0

3 CR+SH+PT_D10K 503 409 16.4 0 10 0 17.6 0

4 CR+SH+PT_D10K 504 408 83.6 0 64.1 0 18.4 0

5 CR+SH+PT_D10K 505 407 110.9 0 141.7 0 15.8 0

6 CR+SH+PT_D10K 601 411 270.4 0 -213.4 0 -9 0

7 CR+SH+PT_D10K 602 410 101.1 0 -84.6 0 -7.1 0

8 CR+SH+PT_D10K 603 409 -10.1 0 9.4 0 -3.6 0

9 CR+SH+PT_D10K 604 408 -76.2 0 78.4 0 -0.8 0

10 CR+SH+PT_D10K 605 407 -90.3 0 113 0 -2.7 0

1 CR+SH+PT_EOC 501 411 -99.3 0 -45.1 0 5.3 0

2 CR+SH+PT_EOC 502 410 -20.6 0 -10.3 0 6.4 0

3 CR+SH+PT_EOC 503 409 25.7 0 15.3 0 6.7 0

4 CR+SH+PT_EOC 504 408 53.5 0 40.9 0 7 0

5 CR+SH+PT_EOC 505 407 61.7 0 78.7 0 6.1 0

6 CR+SH+PT_EOC 601 411 86.5 0 -68.2 0 -5.1 0

7 CR+SH+PT_EOC 602 410 23.7 0 -19.7 0 -4.4 0

8 CR+SH+PT_EOC 603 409 -21.4 0 19.6 0 -3 0

9 CR+SH+PT_EOC 604 408 -50.9 0 52.4 0 -1.5 0

10 CR+SH+PT_EOC 605 407 -56.4 0 70.6 0 -2.2 0
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Sum-It: AASHTO LRFD Load Combination Generator
Figg Bridge Engineers, Inc.

User's Load Input
File Name: Pylon Anchor Forces_Member End Forces_Global.sum

Page 34 of 36
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 2:03:25 PM

Load 
(Row) 
Number

User's Load ID Member ID Joint ID Fx (kips) Fy (kips) Fz (kips)
Mx 

(ft*kip)
My 

(ft*kip)
Mz 

(ft*kip)

1 DC 501 411 -4.3 0 14.9 0 384.5 0

2 DC 502 410 6.3 0 17 0 251.7 0

3 DC 503 409 14.9 0 19.5 0 147.5 0

4 DC 504 408 19.9 0 22.9 0 71.5 0

5 DC 505 407 16.2 0 25.5 0 23.1 0

6 DC 601 411 -12 0 20.4 0 -140.1 0

7 DC 602 410 -13.6 0 20.8 0 -102 0

8 DC 603 409 -12.1 0 19 0 -69.6 0

9 DC 604 408 -10.2 0 16.9 0 -43.3 0

10 DC 605 407 -6.6 0 13.3 0 -23.2 0

1 DW 501 411 1.4 0 0.7 0 0.9 0

2 DW 502 410 10 0 5.1 0 1.2 0

3 DW 503 409 14.3 0 8.5 0 1.2 0

4 DW 504 408 15.8 0 12 0 1 0

5 DW 505 407 13.2 0 16.8 0 0.7 0

6 DW 601 411 -6.5 0 5.1 0 0.9 0

7 DW 602 410 -9.5 0 8 0 1.1 0

8 DW 603 409 -11.7 0 10.6 0 1 0

9 DW 604 408 -13 0 13.3 0 0.8 0

10 DW 605 407 -10.5 0 13.1 0 0.7 0

1 TU- 501 411 78.1 0 35.5 0 0.6 0

2 TU- 502 410 54.9 0 27.8 0 0.4 0

3 TU- 503 409 39.6 0 23.4 0 0.9 0

4 TU- 504 408 36.7 0 28 0 1.7 0

5 TU- 505 407 65.5 0 83.5 0 3.9 0

6 TU- 601 411 -78.5 0 62 0 0.1 0

7 TU- 602 410 -55 0 46.2 0 0.1 0

8 TU- 603 409 -41.6 0 38 0 -0.6 0

9 TU- 604 408 -41.2 0 42.5 0 -1.6 0

10 TU- 605 407 -55.3 0 69.5 0 -3.3 0

1 TU+ 501 411 -78.1 0 -35.5 0 -0.6 0

2 TU+ 502 410 -54.9 0 -27.8 0 -0.4 0

3 TU+ 503 409 -39.6 0 -23.4 0 -0.9 0

4 TU+ 504 408 -36.7 0 -28 0 -1.7 0

5 TU+ 505 407 -65.5 0 -83.5 0 -3.9 0

6 TU+ 601 411 78.5 0 -62 0 -0.1 0

7 TU+ 602 410 55 0 -46.2 0 -0.1 0

8 TU+ 603 409 41.6 0 -38 0 0.6 0

9 TU+ 604 408 41.2 0 -42.5 0 1.6 0

10 TU+ 605 407 55.3 0 -69.5 0 3.3 0

1 TU+Temp. Diff. 501 411 -171.7 0 -78 0 0.7 0

2 TU+Temp. Diff. 502 410 -119.7 0 -60.5 0 1.5 0

3 TU+Temp. Diff. 503 409 -81.5 0 -48.1 0 1.2 0

4 TU+Temp. Diff. 504 408 -57.8 0 -44 0 0.8 0

5 TU+Temp. Diff. 505 407 -72 0 -91.8 0 -2.1 0

6 TU+Temp. Diff. 601 411 173.2 0 -136.8 0 -1.6 0

7 TU+Temp. Diff. 602 410 117.3 0 -98.4 0 -1.4 0

8 TU+Temp. Diff. 603 409 80.3 0 -73.3 0 -0.3 0

9 TU+Temp. Diff. 604 408 63.4 0 -65.3 0 0.9 0

10 TU+Temp. Diff. 605 407 65.3 0 -82 0 3.1 0

1 WS_0 DEG 501 411 0 -7.3 0 -75 0 165.6

2 WS_0 DEG 502 410 0 -6 0 -55.3 0 108.2

3 WS_0 DEG 503 409 0 -4.6 0 -39.1 0 62.3

4 WS_0 DEG 504 408 0 -3.3 0 -26.3 0 28.2

5 WS_0 DEG 505 407 0 -1.9 0 -16.9 0 5.8

6 WS_0 DEG 601 411 0 -4.6 0 -51.3 0 -58.8

7 WS_0 DEG 602 410 0 -3.9 0 -41.1 0 -42.2

8 WS_0 DEG 603 409 0 -3.2 0 -32.3 0 -28

9 WS_0 DEG 604 408 0 -2.5 0 -24.9 0 -16.5

10 WS_0 DEG 605 407 0 -1.7 0 -19.1 0 -8.2
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User's Load Input
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Load 
(Row) 
Number

User's Load ID Member ID Joint ID Fx (kips) Fy (kips) Fz (kips)
Mx 

(ft*kip)
My 

(ft*kip)
Mz 

(ft*kip)

1 WS_15 DEG 501 411 -0.5 -7.1 0.6 -72.8 19.1 160.2

2 WS_15 DEG 502 410 0.3 -5.8 0.9 -53.6 13.7 104.4

3 WS_15 DEG 503 409 0.7 -4.5 1.1 -37.8 9.2 60.1

4 WS_15 DEG 504 408 0.4 -3.2 0.9 -25.4 5.6 27.1

5 WS_15 DEG 505 407 -1.2 -1.8 -0.9 -16.3 2.9 5.4

6 WS_15 DEG 601 411 -0.9 -4.5 -0.3 -49.7 11.4 -56.8

7 WS_15 DEG 602 410 0.4 -3.8 -1.2 -39.7 8.6 -40.7

8 WS_15 DEG 603 409 1 -3.1 -1.7 -31.2 6.2 -27

9 WS_15 DEG 604 408 0.9 -2.4 -1.6 -24 4.3 -15.9

10 WS_15 DEG 605 407 0.3 -1.7 -1 -18.5 2.8 -7.9

1 WS_-15 DEG 501 411 0.5 -7.1 -0.6 -72.8 -19.1 160.2

2 WS_-15 DEG 502 410 -0.3 -5.8 -0.9 -53.6 -13.7 104.4

3 WS_-15 DEG 503 409 -0.7 -4.5 -1.1 -37.8 -9.2 60.1

4 WS_-15 DEG 504 408 -0.4 -3.2 -0.9 -25.4 -5.6 27.1

5 WS_-15 DEG 505 407 1.2 -1.8 0.9 -16.3 -2.9 5.4

6 WS_-15 DEG 601 411 0.9 -4.5 0.3 -49.7 -11.4 -56.8

7 WS_-15 DEG 602 410 -0.4 -3.8 1.2 -39.7 -8.6 -40.7

8 WS_-15 DEG 603 409 -1 -3.1 1.7 -31.2 -6.2 -27

9 WS_-15 DEG 604 408 -0.9 -2.4 1.6 -24 -4.3 -15.9

10 WS_-15 DEG 605 407 -0.3 -1.7 1 -18.5 -2.8 -7.9

1 WS_30 DEG 501 411 -0.8 -6.3 1.3 -65 36.6 143.2

2 WS_30 DEG 502 410 0.6 -5.2 1.8 -47.9 26.3 93.4

3 WS_30 DEG 503 409 1.3 -4 2.1 -33.8 17.7 53.7

4 WS_30 DEG 504 408 0.6 -2.8 1.7 -22.7 10.7 24.2

5 WS_30 DEG 505 407 -2.7 -1.6 -2.1 -14.6 5.6 4.9

6 WS_30 DEG 601 411 -1.7 -4 -0.5 -44.4 21.9 -50.8

7 WS_30 DEG 602 410 0.7 -3.4 -2.2 -35.5 16.4 -36.4

8 WS_30 DEG 603 409 1.9 -2.8 -3.3 -27.9 11.9 -24.1

9 WS_30 DEG 604 408 1.6 -2.1 -3 -21.5 8.1 -14.2

10 WS_30 DEG 605 407 0.3 -1.5 -1.6 -16.5 5.3 -7

1 WS_-30 DEG 501 411 0.8 -6.3 -1.3 -65 -36.6 143.2

2 WS_-30 DEG 502 410 -0.6 -5.2 -1.8 -47.9 -26.3 93.4

3 WS_-30 DEG 503 409 -1.3 -4 -2.1 -33.8 -17.7 53.7

4 WS_-30 DEG 504 408 -0.6 -2.8 -1.7 -22.7 -10.7 24.2

5 WS_-30 DEG 505 407 2.7 -1.6 2.1 -14.6 -5.6 4.9

6 WS_-30 DEG 601 411 1.7 -4 0.5 -44.4 -21.9 -50.8

7 WS_-30 DEG 602 410 -0.7 -3.4 2.3 -35.5 -16.4 -36.4

8 WS_-30 DEG 603 409 -1.9 -2.8 3.3 -27.9 -11.9 -24.1

9 WS_-30 DEG 604 408 -1.6 -2.1 3 -21.5 -8.1 -14.2

10 WS_-30 DEG 605 407 -0.3 -1.5 1.6 -16.5 -5.3 -7

1 WS_45 DEG 501 411 -1.1 -5.2 1.9 -53.4 52.7 117.4

2 WS_45 DEG 502 410 0.9 -4.2 2.6 -39.4 37.8 76.5

3 WS_45 DEG 503 409 1.9 -3.3 3 -27.8 25.4 43.9

4 WS_45 DEG 504 408 0.8 -2.3 2.4 -18.6 15.4 19.7

5 WS_45 DEG 505 407 -4 -1.3 -3.2 -11.9 8 3.9

6 WS_45 DEG 601 411 -2.4 -3.3 -0.7 -36.5 31.5 -41.7

7 WS_45 DEG 602 410 1 -2.8 -3.2 -29.2 23.6 -29.9

8 WS_45 DEG 603 409 2.8 -2.3 -4.7 -22.9 17.1 -19.8

9 WS_45 DEG 604 408 2.3 -1.8 -4.3 -17.7 11.7 -11.7

10 WS_45 DEG 605 407 0.4 -1.2 -2.3 -13.6 7.6 -5.8

1 WS_-45 DEG 501 411 1.1 -5.2 -1.9 -53.4 -52.7 117.4

2 WS_-45 DEG 502 410 -0.9 -4.2 -2.6 -39.4 -37.8 76.5

3 WS_-45 DEG 503 409 -1.9 -3.3 -3 -27.8 -25.4 43.9

4 WS_-45 DEG 504 408 -0.8 -2.3 -2.4 -18.6 -15.4 19.7

5 WS_-45 DEG 505 407 4 -1.3 3.2 -11.9 -8 3.9

6 WS_-45 DEG 601 411 2.4 -3.3 0.7 -36.5 -31.5 -41.7

7 WS_-45 DEG 602 410 -1 -2.8 3.2 -29.2 -23.6 -29.9

8 WS_-45 DEG 603 409 -2.8 -2.3 4.7 -22.9 -17.1 -19.8

9 WS_-45 DEG 604 408 -2.3 -1.8 4.3 -17.7 -11.7 -11.7

10 WS_-45 DEG 605 407 -0.4 -1.2 2.3 -13.6 -7.6 -5.8

Page 229 of 397



Sum-It: AASHTO LRFD Load Combination Generator
Figg Bridge Engineers, Inc.

User's Load Input
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Page 36 of 36
9/30/2016

 2:03:25 PM

Load 
(Row) 
Number

User's Load ID Member ID Joint ID Fx (kips) Fy (kips) Fz (kips)
Mx 

(ft*kip)
My 

(ft*kip)
Mz 

(ft*kip)

1 WS_60 DEG 501 411 -1.4 -3.6 2.2 -37.2 64.1 81.3

2 WS_60 DEG 502 410 1 -2.9 3.1 -27.4 46 52.8

3 WS_60 DEG 503 409 2.3 -2.3 3.7 -19.3 31 30.2

4 WS_60 DEG 504 408 1 -1.6 2.9 -12.9 18.7 13.4

5 WS_60 DEG 505 407 -4.9 -0.9 -3.9 -8.2 9.7 2.6

6 WS_60 DEG 601 411 -2.9 -2.3 -0.9 -25.3 38.3 -29

7 WS_60 DEG 602 410 1.3 -1.9 -3.9 -20.3 28.8 -20.8

8 WS_60 DEG 603 409 3.4 -1.6 -5.7 -15.9 20.8 -13.8

9 WS_60 DEG 604 408 2.8 -1.2 -5.2 -12.3 14.2 -8.1

10 WS_60 DEG 605 407 0.5 -0.9 -2.8 -9.5 9.2 -4.1

1 WS_-60 DEG 501 411 1.3 -3.6 -2.3 -37.2 -64.1 81.3

2 WS_-60 DEG 502 410 -1.1 -2.9 -3.1 -27.4 -46 52.8

3 WS_-60 DEG 503 409 -2.3 -2.3 -3.7 -19.3 -31 30.2

4 WS_-60 DEG 504 408 -1 -1.6 -2.9 -12.9 -18.7 13.4

5 WS_-60 DEG 505 407 4.9 -0.9 3.9 -8.2 -9.7 2.6

6 WS_-60 DEG 601 411 2.9 -2.3 0.9 -25.3 -38.3 -29

7 WS_-60 DEG 602 410 -1.2 -1.9 3.9 -20.3 -28.8 -20.8

8 WS_-60 DEG 603 409 -3.4 -1.6 5.7 -15.9 -20.8 -13.8

9 WS_-60 DEG 604 408 -2.8 -1.2 5.2 -12.3 -14.2 -8.1

10 WS_-60 DEG 605 407 -0.5 -0.9 2.8 -9.5 -9.2 -4.1

1 WS+WUP 501 411 -2.4 -7.4 -1.1 -74.1 0.1 169.6

2 WS+WUP 502 410 -12.7 -6 -6.4 -54.8 -1.9 112.1

3 WS+WUP 503 409 -18.1 -4.7 -10.7 -39.1 -1.5 66.2

4 WS+WUP 504 408 -20.5 -3.4 -15.6 -27.1 -1.4 32.4

5 WS+WUP 505 407 -17.5 -2.1 -22.3 -19 -0.9 9

6 WS+WUP 601 411 8.7 -4.6 -6.9 -51.9 -1.2 -59.9

7 WS+WUP 602 410 12.4 -3.9 -10.4 -41.6 -1.4 -43.1

8 WS+WUP 603 409 15.1 -3.2 -13.8 -32.7 -1.3 -28.6

9 WS+WUP 604 408 16.4 -2.5 -16.8 -25.2 -1.1 -16.9

10 WS+WUP 605 407 14.1 -1.7 -17.5 -19.7 -0.6 -9
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Sum-It: Figg Bridge Engineers, Inc.
Limit State Load Combinations

File Name: Canopy Anchor Forces_Global.sum

Page 13 of 36
10/3/2016

 12:24:43 PM

Limit State: STRENGTH I

FR Friction

LF: 1

FR1: CR+SH+PT_EOC

FR2: CR+SH+PT_D10K

TU Uniform Temperature

LF: 0.5

TU1: TU-

TU2: TU+

TU3: TU+Temp. Diff.

DW DL Wearing Surfaces & Utilities

LF1: 1.5

LF2: 0.65

DW1: DW

LL Vehicular Live Load

LF: 1.75

LL1: LL1_Deck

LL2: LL2_Deck

LL3: LL3_Deck

LL4: LL1_Roof

LL5: LL2_Roof

LL6: LL3_Roof

LL7: LL1_Deck Offset

LL8: LL2_Deck Offset

LL9: LL3_Deck Offset

DC DL Structural Components & Attachments

LF1: 1.25

LF2: 0.9

DC1: DC

Combo ID Load Combinations

STR 1/ 1 1.00*(DW1*1.50 + DC1*1.25 + FR1*1.00 + TU1*0.50 + LL1*1.75)

STR 1/ 2 1.00*(DW1*1.50 + DC1*1.25 + FR1*1.00 + TU1*0.50 + LL2*1.75)

STR 1/ 3 1.00*(DW1*1.50 + DC1*1.25 + FR1*1.00 + TU1*0.50 + LL3*1.75)

STR 1/ 4 1.00*(DW1*1.50 + DC1*1.25 + FR1*1.00 + TU1*0.50 + LL4*1.75)

STR 1/ 5 1.00*(DW1*1.50 + DC1*1.25 + FR1*1.00 + TU1*0.50 + LL5*1.75)

STR 1/ 6 1.00*(DW1*1.50 + DC1*1.25 + FR1*1.00 + TU1*0.50 + LL6*1.75)

STR 1/ 7 1.00*(DW1*1.50 + DC1*1.25 + FR1*1.00 + TU1*0.50 + LL7*1.75)

STR 1/ 8 1.00*(DW1*1.50 + DC1*1.25 + FR1*1.00 + TU1*0.50 + LL8*1.75)

STR 1/ 9 1.00*(DW1*1.50 + DC1*1.25 + FR1*1.00 + TU1*0.50 + LL9*1.75)

STR 1/ 10 1.00*(DW1*1.50 + DC1*1.25 + FR1*1.00 + TU2*0.50 + LL1*1.75)

STR 1/ 11 1.00*(DW1*1.50 + DC1*1.25 + FR1*1.00 + TU2*0.50 + LL2*1.75)

STR 1/ 12 1.00*(DW1*1.50 + DC1*1.25 + FR1*1.00 + TU2*0.50 + LL3*1.75)

STR 1/ 13 1.00*(DW1*1.50 + DC1*1.25 + FR1*1.00 + TU2*0.50 + LL4*1.75)

STR 1/ 14 1.00*(DW1*1.50 + DC1*1.25 + FR1*1.00 + TU2*0.50 + LL5*1.75)

STR 1/ 15 1.00*(DW1*1.50 + DC1*1.25 + FR1*1.00 + TU2*0.50 + LL6*1.75)

STR 1/ 16 1.00*(DW1*1.50 + DC1*1.25 + FR1*1.00 + TU2*0.50 + LL7*1.75)

STR 1/ 17 1.00*(DW1*1.50 + DC1*1.25 + FR1*1.00 + TU2*0.50 + LL8*1.75)

STR 1/ 18 1.00*(DW1*1.50 + DC1*1.25 + FR1*1.00 + TU2*0.50 + LL9*1.75)

STR 1/ 19 1.00*(DW1*1.50 + DC1*1.25 + FR1*1.00 + TU3*0.50 + LL1*1.75)

STR 1/ 20 1.00*(DW1*1.50 + DC1*1.25 + FR1*1.00 + TU3*0.50 + LL2*1.75)
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Limit State: STRENGTH I

FR Friction

LF: 1

FR1: CR+SH+PT_EOC

FR2: CR+SH+PT_D10K

TU Uniform Temperature

LF: 0.5

TU1: TU-

TU2: TU+

TU3: TU+Temp. Diff.

DW DL Wearing Surfaces & Utilities

LF1: 1.5

LF2: 0.65

DW1: DW

LL Vehicular Live Load

LF: 1.75

LL1: LL1_Deck

LL2: LL2_Deck

LL3: LL3_Deck

LL4: LL1_Roof

LL5: LL2_Roof

LL6: LL3_Roof

LL7: LL1_Deck Offset

LL8: LL2_Deck Offset

LL9: LL3_Deck Offset

DC DL Structural Components & Attachments

LF1: 1.25

LF2: 0.9

DC1: DC

Load 
(Row) 
Number

User's Load ID Member ID Joint ID Fx (kips) Fy (kips) Fz (kips)
Mx 

(ft*kip)
My 

(ft*kip)
Mz 

(ft*kip)

1 CR+SH+PT_D10K 501 106 296.8 0 134.7 0 17.5 0

2 CR+SH+PT_D10K 502 111 97.2 0 48.8 0 16.5 0

3 CR+SH+PT_D10K 503 116 -16.4 0 -10 0 12.5 0

4 CR+SH+PT_D10K 504 121 -83.6 0 -64.1 0 10.8 0

5 CR+SH+PT_D10K 505 126 -110.9 0 -141.7 0 5.7 0

6 CR+SH+PT_D10K 601 156 -270.4 0 213.4 0 -16 0

7 CR+SH+PT_D10K 602 151 -101.1 0 84.6 0 -12.2 0

8 CR+SH+PT_D10K 603 146 10.1 0 -9.4 0 -4.7 0

9 CR+SH+PT_D10K 604 141 76.2 0 -78.4 0 2.3 0

10 CR+SH+PT_D10K 605 136 90.3 0 -113 0 0.3 0

1 CR+SH+PT_EOC 501 106 99.3 0 45.1 0 7.8 0

2 CR+SH+PT_EOC 502 111 20.6 0 10.3 0 7.1 0

3 CR+SH+PT_EOC 503 116 -25.7 0 -15.3 0 5.5 0

4 CR+SH+PT_EOC 504 121 -53.5 0 -40.9 0 4.6 0

5 CR+SH+PT_EOC 505 126 -61.7 0 -78.7 0 2.6 0

6 CR+SH+PT_EOC 601 156 -86.5 0 68.2 0 -7.5 0

7 CR+SH+PT_EOC 602 151 -23.7 0 19.7 0 -6.3 0

8 CR+SH+PT_EOC 603 146 21.4 0 -19.6 0 -3.6 0

9 CR+SH+PT_EOC 604 141 50.9 0 -52.4 0 -0.2 0

10 CR+SH+PT_EOC 605 136 56.4 0 -70.6 0 -1.3 0
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Load 
(Row) 
Number

User's Load ID Member ID Joint ID Fx (kips) Fy (kips) Fz (kips)
Mx 

(ft*kip)
My 

(ft*kip)
Mz 

(ft*kip)

1 DC 501 106 4.3 0 18.8 0 -379.4 0

2 DC 502 111 -6.3 0 10.5 0 -248.4 0

3 DC 503 116 -14.9 0 1.9 0 -145 0

4 DC 504 121 -19.9 0 -7.4 0 -69.8 0

5 DC 505 126 -16.2 0 -15.5 0 -23 0

6 DC 601 156 12 0 1.3 0 134.8 0

7 DC 602 151 13.6 0 -2.1 0 97.9 0

8 DC 603 146 12.1 0 -3.2 0 66.7 0

9 DC 604 141 10.2 0 -4.2 0 41.8 0

10 DC 605 136 6.6 0 -3.4 0 22.7 0

1 DW 501 106 -1.4 0 -0.7 0 0.7 0

2 DW 502 111 -10 0 -5.1 0 1.1 0

3 DW 503 116 -14.3 0 -8.5 0 0.8 0

4 DW 504 121 -15.8 0 -12 0 0.6 0

5 DW 505 126 -13.2 0 -16.8 0 0.3 0

6 DW 601 156 6.5 0 -5.1 0 0.6 0

7 DW 602 151 9.5 0 -8 0 0.8 0

8 DW 603 146 11.7 0 -10.6 0 0.8 0

9 DW 604 141 13 0 -13.3 0 0.9 0

10 DW 605 136 10.5 0 -13.1 0 1 0

1 LL1_Deck 501 106 -5.1 0 -2.4 0 2.6 0

2 LL1_Deck 502 111 -36.4 0 -18.5 0 4 0

3 LL1_Deck 503 116 -52.2 0 -30.9 0 2.9 0

4 LL1_Deck 504 121 -57.6 0 -43.9 0 2.4 0

5 LL1_Deck 505 126 -48.2 0 -61.4 0 1.1 0

6 LL1_Deck 601 156 23.6 0 -18.6 0 2.2 0

7 LL1_Deck 602 151 34.8 0 -29.1 0 2.8 0

8 LL1_Deck 603 146 42.8 0 -38.9 0 2.8 0

9 LL1_Deck 604 141 47.4 0 -48.7 0 3.1 0

10 LL1_Deck 605 136 38.4 0 -47.8 0 3.5 0

1 LL1_Deck Offset 501 106 -2.5 0.1 -1.2 -4.3 1.3 4.1

2 LL1_Deck Offset 502 111 -18.2 0.1 -9.2 -4 2 3.8

3 LL1_Deck Offset 503 116 -26.1 0.1 -15.5 -3.6 1.5 3.1

4 LL1_Deck Offset 504 121 -28.8 0.1 -22 -3.3 1.2 2.3

5 LL1_Deck Offset 505 126 -24.1 0 -30.7 -1.1 0.6 0.2

6 LL1_Deck Offset 601 156 11.8 0 -9.3 0.5 1.1 0.5

7 LL1_Deck Offset 602 151 17.4 0 -14.5 1.2 1.4 1.1

8 LL1_Deck Offset 603 146 21.4 -0.1 -19.5 2.3 1.4 1.9

9 LL1_Deck Offset 604 141 23.7 -0.1 -24.3 3.4 1.6 2.7

10 LL1_Deck Offset 605 136 19.2 -0.1 -23.9 3.8 1.8 2.7

1 LL1_Roof 501 106 -1.2 0 -0.5 0 -2.1 0

2 LL1_Roof 502 111 -4.1 0 -2.1 0 1 0

3 LL1_Roof 503 116 -5.9 0 -3.5 0 0.3 0

4 LL1_Roof 504 121 -6.9 0 -5.3 0 0.4 0

5 LL1_Roof 505 126 -6.2 0 -7.9 0 0.1 0

6 LL1_Roof 601 156 3.2 0 -2.5 0 0.4 0

7 LL1_Roof 602 151 4.2 0 -3.6 0 0.3 0

8 LL1_Roof 603 146 5.1 0 -4.6 0 0.4 0

9 LL1_Roof 604 141 5.2 0 -5.4 0 0.4 0

10 LL1_Roof 605 136 5.1 0 -6.3 0 -0.1 0

1 LL2_Deck 501 106 6.7 0 3 0 3.5 0

2 LL2_Deck 502 111 -24.7 0 -12.6 0 5.3 0

3 LL2_Deck 503 116 -39.7 0 -23.6 0 4.2 0

4 LL2_Deck 504 121 -45.8 0 -35 0 3.8 0

5 LL2_Deck 505 126 -43.7 0 -55.7 0 2.6 0

6 LL2_Deck 601 156 20.7 0 -16.2 0 4.6 0

7 LL2_Deck 602 151 24.4 0 -20.3 0 5.7 0

8 LL2_Deck 603 146 28.3 0 -25.6 0 5.5 0

9 LL2_Deck 604 141 28.8 0 -29.4 0 4.9 0

10 LL2_Deck 605 136 22.4 0 -27.7 0 4.2 0
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Load 
(Row) 
Number

User's Load ID Member ID Joint ID Fx (kips) Fy (kips) Fz (kips)
Mx 

(ft*kip)
My 

(ft*kip)
Mz 

(ft*kip)

1 LL2_Deck Offset 501 106 3.4 0.1 1.5 -4.7 1.8 4.5

2 LL2_Deck Offset 502 111 -12.3 0.1 -6.3 -4.6 2.7 4.4

3 LL2_Deck Offset 503 116 -19.9 0.1 -11.8 -4.4 2.1 3.9

4 LL2_Deck Offset 504 121 -22.9 0.1 -17.5 -4.4 1.9 3.3

5 LL2_Deck Offset 505 126 -21.8 0.1 -27.9 -2.5 1.3 1.1

6 LL2_Deck Offset 601 156 10.4 0 -8.1 2.6 2.3 2.3

7 LL2_Deck Offset 602 151 12.2 -0.1 -10.2 2.8 2.8 2.4

8 LL2_Deck Offset 603 146 14.2 -0.1 -12.8 3.2 2.7 2.7

9 LL2_Deck Offset 604 141 14.4 -0.1 -14.7 3.6 2.4 2.8

10 LL2_Deck Offset 605 136 11.2 -0.1 -13.9 3.8 2.1 2.6

1 LL2_Roof 501 106 0.2 0 0.1 0 -2 0

2 LL2_Roof 502 111 -2.8 0 -1.4 0 1.1 0

3 LL2_Roof 503 116 -4.5 0 -2.6 0 0.4 0

4 LL2_Roof 504 121 -5.5 0 -4.2 0 0.5 0

5 LL2_Roof 505 126 -5.5 0 -7 0 0.3 0

6 LL2_Roof 601 156 2.7 0 -2.1 0 0.6 0

7 LL2_Roof 602 151 3 0 -2.5 0 0.7 0

8 LL2_Roof 603 146 3.4 0 -3.1 0 0.7 0

9 LL2_Roof 604 141 3.5 0 -3.6 0 0.6 0

10 LL2_Roof 605 136 2.8 0 -3.5 0 0.5 0

1 LL3_Deck 501 106 -11.8 0 -5.4 0 -0.9 0

2 LL3_Deck 502 111 -11.7 0 -5.9 0 -1.3 0

3 LL3_Deck 503 116 -12.5 0 -7.3 0 -1.3 0

4 LL3_Deck 504 121 -11.8 0 -8.9 0 -1.4 0

5 LL3_Deck 505 126 -4.5 0 -5.6 0 -1.5 0

6 LL3_Deck 601 156 3 0 -2.4 0 -2.4 0

7 LL3_Deck 602 151 10.3 0 -8.8 0 -2.9 0

8 LL3_Deck 603 146 14.5 0 -13.4 0 -2.7 0

9 LL3_Deck 604 141 18.7 0 -19.3 0 -1.8 0

10 LL3_Deck 605 136 16 0 -20.1 0 -0.7 0

1 LL3_Deck Offset 501 106 -5.9 0 -2.7 0.5 -0.5 -0.4

2 LL3_Deck Offset 502 111 -5.9 0 -2.9 0.6 -0.7 -0.6

3 LL3_Deck Offset 503 116 -6.2 0 -3.7 0.8 -0.7 -0.8

4 LL3_Deck Offset 504 121 -5.9 0 -4.5 1.1 -0.7 -1

5 LL3_Deck Offset 505 126 -2.3 -0.1 -2.8 1.5 -0.7 -1

6 LL3_Deck Offset 601 156 1.5 0 -1.2 -2.1 -1.2 -1.8

7 LL3_Deck Offset 602 151 5.2 0 -4.4 -1.6 -1.5 -1.3

8 LL3_Deck Offset 603 146 7.3 0 -6.7 -0.9 -1.3 -0.7

9 LL3_Deck Offset 604 141 9.3 0 -9.7 -0.2 -0.9 -0.1

10 LL3_Deck Offset 605 136 8 0 -10.1 0 -0.3 0.1

1 LL3_Roof 501 106 -1.4 0 -0.6 0 -0.1 0

2 LL3_Roof 502 111 -1.3 0 -0.7 0 -0.1 0

3 LL3_Roof 503 116 -1.4 0 -0.9 0 -0.1 0

4 LL3_Roof 504 121 -1.4 0 -1.1 0 -0.2 0

5 LL3_Roof 505 126 -0.7 0 -0.8 0 -0.2 0

6 LL3_Roof 601 156 0.5 0 -0.4 0 -0.2 0

7 LL3_Roof 602 151 1.2 0 -1 0 -0.4 0

8 LL3_Roof 603 146 1.6 0 -1.5 0 -0.3 0

9 LL3_Roof 604 141 1.7 0 -1.8 0 -0.2 0

10 LL3_Roof 605 136 2.2 0 -2.8 0 -0.7 0

1 TU- 501 106 -78.1 0 -35.5 0 0 0

2 TU- 502 111 -54.9 0 -27.8 0 -0.2 0

3 TU- 503 116 -39.6 0 -23.4 0 0.8 0

4 TU- 504 121 -36.7 0 -28 0 1.8 0

5 TU- 505 126 -65.5 0 -83.5 0 4.4 0

6 TU- 601 156 78.5 0 -62 0 0.9 0

7 TU- 602 151 55 0 -46.2 0 0.4 0

8 TU- 603 146 41.6 0 -38 0 -1.1 0

9 TU- 604 141 41.2 0 -42.5 0 -3 0

10 TU- 605 136 55.3 0 -69.5 0 -5.2 0
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Load 
(Row) 
Number

User's Load ID Member ID Joint ID Fx (kips) Fy (kips) Fz (kips)
Mx 

(ft*kip)
My 

(ft*kip)
Mz 

(ft*kip)

1 TU+ 501 106 78.1 0 35.5 0 0 0

2 TU+ 502 111 54.9 0 27.8 0 0.2 0

3 TU+ 503 116 39.6 0 23.4 0 -0.8 0

4 TU+ 504 121 36.7 0 28 0 -1.8 0

5 TU+ 505 126 65.5 0 83.5 0 -4.4 0

6 TU+ 601 156 -78.5 0 62 0 -0.9 0

7 TU+ 602 151 -55 0 46.2 0 -0.4 0

8 TU+ 603 146 -41.6 0 38 0 1.1 0

9 TU+ 604 141 -41.2 0 42.5 0 3 0

10 TU+ 605 136 -55.3 0 69.5 0 5.2 0

1 TU+Temp. Diff. 501 106 171.7 0 78 0 1.2 0

2 TU+Temp. Diff. 502 111 119.7 0 60.5 0 1.8 0

3 TU+Temp. Diff. 503 116 81.5 0 48.1 0 0.5 0

4 TU+Temp. Diff. 504 121 57.8 0 44 0 -0.6 0

5 TU+Temp. Diff. 505 126 72 0 91.8 0 -4.8 0

6 TU+Temp. Diff. 601 156 -173.2 0 136.8 0 -3.6 0

7 TU+Temp. Diff. 602 151 -117.3 0 98.4 0 -2.5 0

8 TU+Temp. Diff. 603 146 -80.3 0 73.3 0 0.2 0

9 TU+Temp. Diff. 604 141 -63.4 0 65.3 0 2.7 0

10 TU+Temp. Diff. 605 136 -65.3 0 82 0 6.1 0
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Limit State: STRENGTH III

FR Friction

LF: 1

FR1: CR+SH+PT_EOC

FR2: CR+SH+PT_D10K

DC DL Structural Components & Attachments

LF1: 1.25

LF2: 0.9

DC1: DC

TU Uniform Temperature

LF: 0.5

TU1: TU-

TU2: TU+

TU3: TU+Temp. Diff.

WS Wind Load on Structure

LF: 1.4

WS1: WS_0 DEG

WS2: WS_15 DEG

WS3: WS_30 DEG

WS4: WS_45 DEG

WS5: WS_60 DEG

WS6: WS_-15 DEG

WS7: WS_-30 DEG

WS8: WS_-45 DEG

WS9: WS_-60 DEG

WS10: WS+WUP

DW DL Wearing Surfaces & Utilities

LF1: 1.5

LF2: 0.65

DW1: DW

Combo ID Load Combinations

STR 3/ 1 1.00*(DC1*1.25 + DW1*1.50 + FR1*1.00 + TU1*0.50 + WS1*1.40)

STR 3/ 2 1.00*(DC1*1.25 + DW1*1.50 + FR1*1.00 + TU1*0.50 + WS2*1.40)

STR 3/ 3 1.00*(DC1*1.25 + DW1*1.50 + FR1*1.00 + TU1*0.50 + WS3*1.40)

STR 3/ 4 1.00*(DC1*1.25 + DW1*1.50 + FR1*1.00 + TU1*0.50 + WS4*1.40)

STR 3/ 5 1.00*(DC1*1.25 + DW1*1.50 + FR1*1.00 + TU1*0.50 + WS5*1.40)

STR 3/ 6 1.00*(DC1*1.25 + DW1*1.50 + FR1*1.00 + TU1*0.50 + WS6*1.40)

STR 3/ 7 1.00*(DC1*1.25 + DW1*1.50 + FR1*1.00 + TU1*0.50 + WS7*1.40)

STR 3/ 8 1.00*(DC1*1.25 + DW1*1.50 + FR1*1.00 + TU1*0.50 + WS8*1.40)

STR 3/ 9 1.00*(DC1*1.25 + DW1*1.50 + FR1*1.00 + TU1*0.50 + WS9*1.40)

STR 3/ 10 1.00*(DC1*1.25 + DW1*1.50 + FR1*1.00 + TU1*0.50 + WS10*1.40)

STR 3/ 11 1.00*(DC1*1.25 + DW1*1.50 + FR1*1.00 + TU2*0.50 + WS1*1.40)

STR 3/ 12 1.00*(DC1*1.25 + DW1*1.50 + FR1*1.00 + TU2*0.50 + WS2*1.40)

STR 3/ 13 1.00*(DC1*1.25 + DW1*1.50 + FR1*1.00 + TU2*0.50 + WS3*1.40)

STR 3/ 14 1.00*(DC1*1.25 + DW1*1.50 + FR1*1.00 + TU2*0.50 + WS4*1.40)

STR 3/ 15 1.00*(DC1*1.25 + DW1*1.50 + FR1*1.00 + TU2*0.50 + WS5*1.40)

STR 3/ 16 1.00*(DC1*1.25 + DW1*1.50 + FR1*1.00 + TU2*0.50 + WS6*1.40)

STR 3/ 17 1.00*(DC1*1.25 + DW1*1.50 + FR1*1.00 + TU2*0.50 + WS7*1.40)

STR 3/ 18 1.00*(DC1*1.25 + DW1*1.50 + FR1*1.00 + TU2*0.50 + WS8*1.40)

STR 3/ 19 1.00*(DC1*1.25 + DW1*1.50 + FR1*1.00 + TU2*0.50 + WS9*1.40)
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Limit State: STRENGTH III

FR Friction

LF: 1

FR1: CR+SH+PT_EOC

FR2: CR+SH+PT_D10K

DC DL Structural Components & Attachments

LF1: 1.25

LF2: 0.9

DC1: DC

TU Uniform Temperature

LF: 0.5

TU1: TU-

TU2: TU+

TU3: TU+Temp. Diff.

WS Wind Load on Structure

LF: 1.4

WS1: WS_0 DEG

WS2: WS_15 DEG

WS3: WS_30 DEG

WS4: WS_45 DEG

WS5: WS_60 DEG

WS6: WS_-15 DEG

WS7: WS_-30 DEG

WS8: WS_-45 DEG

WS9: WS_-60 DEG

WS10: WS+WUP

DW DL Wearing Surfaces & Utilities

LF1: 1.5

LF2: 0.65

DW1: DW

Load 
(Row) 
Number

User's Load ID Member ID Joint ID Fx (kips) Fy (kips) Fz (kips)
Mx 

(ft*kip)
My 

(ft*kip)
Mz 

(ft*kip)

1 CR+SH+PT_D10K 501 106 296.8 0 134.7 0 17.5 0

2 CR+SH+PT_D10K 502 111 97.2 0 48.8 0 16.5 0

3 CR+SH+PT_D10K 503 116 -16.4 0 -10 0 12.5 0

4 CR+SH+PT_D10K 504 121 -83.6 0 -64.1 0 10.8 0

5 CR+SH+PT_D10K 505 126 -110.9 0 -141.7 0 5.7 0

6 CR+SH+PT_D10K 601 156 -270.4 0 213.4 0 -16 0

7 CR+SH+PT_D10K 602 151 -101.1 0 84.6 0 -12.2 0

8 CR+SH+PT_D10K 603 146 10.1 0 -9.4 0 -4.7 0

9 CR+SH+PT_D10K 604 141 76.2 0 -78.4 0 2.3 0

10 CR+SH+PT_D10K 605 136 90.3 0 -113 0 0.3 0

1 CR+SH+PT_EOC 501 106 99.3 0 45.1 0 7.8 0

2 CR+SH+PT_EOC 502 111 20.6 0 10.3 0 7.1 0

3 CR+SH+PT_EOC 503 116 -25.7 0 -15.3 0 5.5 0

4 CR+SH+PT_EOC 504 121 -53.5 0 -40.9 0 4.6 0

5 CR+SH+PT_EOC 505 126 -61.7 0 -78.7 0 2.6 0

6 CR+SH+PT_EOC 601 156 -86.5 0 68.2 0 -7.5 0

7 CR+SH+PT_EOC 602 151 -23.7 0 19.7 0 -6.3 0

8 CR+SH+PT_EOC 603 146 21.4 0 -19.6 0 -3.6 0

9 CR+SH+PT_EOC 604 141 50.9 0 -52.4 0 -0.2 0

10 CR+SH+PT_EOC 605 136 56.4 0 -70.6 0 -1.3 0
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Load 
(Row) 
Number

User's Load ID Member ID Joint ID Fx (kips) Fy (kips) Fz (kips)
Mx 

(ft*kip)
My 

(ft*kip)
Mz 

(ft*kip)

1 DC 501 106 4.3 0 18.8 0 -379.4 0

2 DC 502 111 -6.3 0 10.5 0 -248.4 0

3 DC 503 116 -14.9 0 1.9 0 -145 0

4 DC 504 121 -19.9 0 -7.4 0 -69.8 0

5 DC 505 126 -16.2 0 -15.5 0 -23 0

6 DC 601 156 12 0 1.3 0 134.8 0

7 DC 602 151 13.6 0 -2.1 0 97.9 0

8 DC 603 146 12.1 0 -3.2 0 66.7 0

9 DC 604 141 10.2 0 -4.2 0 41.8 0

10 DC 605 136 6.6 0 -3.4 0 22.7 0

1 DW 501 106 -1.4 0 -0.7 0 0.7 0

2 DW 502 111 -10 0 -5.1 0 1.1 0

3 DW 503 116 -14.3 0 -8.5 0 0.8 0

4 DW 504 121 -15.8 0 -12 0 0.6 0

5 DW 505 126 -13.2 0 -16.8 0 0.3 0

6 DW 601 156 6.5 0 -5.1 0 0.6 0

7 DW 602 151 9.5 0 -8 0 0.8 0

8 DW 603 146 11.7 0 -10.6 0 0.8 0

9 DW 604 141 13 0 -13.3 0 0.9 0

10 DW 605 136 10.5 0 -13.1 0 1 0

1 TU- 501 106 -78.1 0 -35.5 0 0 0

2 TU- 502 111 -54.9 0 -27.8 0 -0.2 0

3 TU- 503 116 -39.6 0 -23.4 0 0.8 0

4 TU- 504 121 -36.7 0 -28 0 1.8 0

5 TU- 505 126 -65.5 0 -83.5 0 4.4 0

6 TU- 601 156 78.5 0 -62 0 0.9 0

7 TU- 602 151 55 0 -46.2 0 0.4 0

8 TU- 603 146 41.6 0 -38 0 -1.1 0

9 TU- 604 141 41.2 0 -42.5 0 -3 0

10 TU- 605 136 55.3 0 -69.5 0 -5.2 0

1 TU+ 501 106 78.1 0 35.5 0 0 0

2 TU+ 502 111 54.9 0 27.8 0 0.2 0

3 TU+ 503 116 39.6 0 23.4 0 -0.8 0

4 TU+ 504 121 36.7 0 28 0 -1.8 0

5 TU+ 505 126 65.5 0 83.5 0 -4.4 0

6 TU+ 601 156 -78.5 0 62 0 -0.9 0

7 TU+ 602 151 -55 0 46.2 0 -0.4 0

8 TU+ 603 146 -41.6 0 38 0 1.1 0

9 TU+ 604 141 -41.2 0 42.5 0 3 0

10 TU+ 605 136 -55.3 0 69.5 0 5.2 0

1 TU+Temp. Diff. 501 106 171.7 0 78 0 1.2 0

2 TU+Temp. Diff. 502 111 119.7 0 60.5 0 1.8 0

3 TU+Temp. Diff. 503 116 81.5 0 48.1 0 0.5 0

4 TU+Temp. Diff. 504 121 57.8 0 44 0 -0.6 0

5 TU+Temp. Diff. 505 126 72 0 91.8 0 -4.8 0

6 TU+Temp. Diff. 601 156 -173.2 0 136.8 0 -3.6 0

7 TU+Temp. Diff. 602 151 -117.3 0 98.4 0 -2.5 0

8 TU+Temp. Diff. 603 146 -80.3 0 73.3 0 0.2 0

9 TU+Temp. Diff. 604 141 -63.4 0 65.3 0 2.7 0

10 TU+Temp. Diff. 605 136 -65.3 0 82 0 6.1 0

1 WS_0 DEG 501 106 0 -7.3 0 74.5 0 -164.5

2 WS_0 DEG 502 111 0 -6 0 54.9 0 -107.4

3 WS_0 DEG 503 116 0 -4.7 0 39.8 0 -63.6

4 WS_0 DEG 504 121 0 -3.4 0 29.8 0 -32.8

5 WS_0 DEG 505 126 0 -2.5 0 27.9 0 -14.5

6 WS_0 DEG 601 156 0 -4.8 0 57.6 0 66.7

7 WS_0 DEG 602 151 0 -4.2 0 48.7 0 51.2

8 WS_0 DEG 603 146 0 -3.6 0 41.9 0 38.6

9 WS_0 DEG 604 141 0 -3.1 0 37.3 0 28.5

10 WS_0 DEG 605 136 0 -2.6 0 34.4 0 20.4
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Load 
(Row) 
Number

User's Load ID Member ID Joint ID Fx (kips) Fy (kips) Fz (kips)
Mx 

(ft*kip)
My 

(ft*kip)
Mz 

(ft*kip)

1 WS_15 DEG 501 106 -3.3 -7.1 -0.6 72.6 -19.6 -159.7

2 WS_15 DEG 502 111 -3.4 -5.8 -0.9 53.6 -14.4 -104.5

3 WS_15 DEG 503 116 -3.1 -4.5 -1.1 39 -9.9 -61.9

4 WS_15 DEG 504 121 -2.1 -3.3 -0.9 29.2 -6.3 -32

5 WS_15 DEG 505 126 0.1 -2.4 0.9 27.3 -3.4 -14.1

6 WS_15 DEG 601 156 -1.5 -4.7 0.3 55.9 -12.5 64.7

7 WS_15 DEG 602 151 -2.4 -4.1 1.2 47.2 -9.9 49.6

8 WS_15 DEG 603 146 -2.7 -3.5 1.7 40.6 -7.4 37.4

9 WS_15 DEG 604 141 -2.3 -3 1.6 36.1 -5.3 27.6

10 WS_15 DEG 605 136 -1.4 -2.5 1 33.3 -3.5 19.7

1 WS_-15 DEG 501 106 3.3 -7.1 0.6 72.6 19.6 -159.7

2 WS_-15 DEG 502 111 3.4 -5.8 0.9 53.6 14.4 -104.5

3 WS_-15 DEG 503 116 3.1 -4.5 1.1 39 9.9 -61.9

4 WS_-15 DEG 504 121 2.1 -3.3 0.9 29.2 6.3 -32

5 WS_-15 DEG 505 126 -0.1 -2.4 -0.9 27.3 3.4 -14.1

6 WS_-15 DEG 601 156 1.5 -4.7 -0.3 55.9 12.5 64.7

7 WS_-15 DEG 602 151 2.4 -4.1 -1.2 47.2 9.9 49.6

8 WS_-15 DEG 603 146 2.7 -3.5 -1.7 40.6 7.4 37.4

9 WS_-15 DEG 604 141 2.3 -3 -1.6 36.1 5.3 27.6

10 WS_-15 DEG 605 136 1.4 -2.5 -1 33.3 3.5 19.7

1 WS_30 DEG 501 106 -6.5 -6.3 -1.3 64.8 -37.6 -142.6

2 WS_30 DEG 502 111 -6.5 -5.2 -1.8 47.8 -27.8 -93.3

3 WS_30 DEG 503 116 -5.9 -4 -2.1 34.7 -19.1 -55.3

4 WS_30 DEG 504 121 -3.9 -3 -1.7 26 -12.1 -28.6

5 WS_30 DEG 505 126 0.6 -2.2 2.1 24.4 -6.6 -12.6

6 WS_30 DEG 601 156 -3 -4.2 0.5 50 -24 57.8

7 WS_30 DEG 602 151 -4.7 -3.6 2.2 42.3 -19 44.4

8 WS_30 DEG 603 146 -5.3 -3.1 3.3 36.4 -14.3 33.5

9 WS_30 DEG 604 141 -4.3 -2.7 3 32.3 -10.3 24.7

10 WS_30 DEG 605 136 -2.4 -2.2 1.6 29.9 -6.8 17.7

1 WS_-30 DEG 501 106 6.4 -6.3 1.3 64.8 37.6 -142.7

2 WS_-30 DEG 502 111 6.5 -5.2 1.8 47.8 27.8 -93.3

3 WS_-30 DEG 503 116 5.9 -4 2.1 34.7 19.1 -55.3

4 WS_-30 DEG 504 121 3.9 -3 1.7 26 12.1 -28.6

5 WS_-30 DEG 505 126 -0.6 -2.2 -2.1 24.4 6.6 -12.6

6 WS_-30 DEG 601 156 3 -4.2 -0.5 50 24 57.8

7 WS_-30 DEG 602 151 4.7 -3.6 -2.3 42.3 19 44.4

8 WS_-30 DEG 603 146 5.3 -3.1 -3.3 36.4 14.3 33.5

9 WS_-30 DEG 604 141 4.3 -2.7 -3 32.3 10.3 24.7

10 WS_-30 DEG 605 136 2.4 -2.2 -1.6 29.9 6.8 17.7

1 WS_45 DEG 501 106 -9.3 -5.2 -1.9 53.5 -54 -117.4

2 WS_45 DEG 502 111 -9.3 -4.2 -2.6 39.6 -39.9 -76.9

3 WS_45 DEG 503 116 -8.5 -3.3 -3 28.8 -27.5 -45.6

4 WS_45 DEG 504 121 -5.6 -2.5 -2.4 21.6 -17.4 -23.6

5 WS_45 DEG 505 126 1 -1.8 3.2 20.1 -9.5 -10.4

6 WS_45 DEG 601 156 -4.3 -3.4 0.7 41 -34.5 47.4

7 WS_45 DEG 602 151 -6.8 -3 3.2 34.6 -27.3 36.4

8 WS_45 DEG 603 146 -7.6 -2.6 4.7 29.7 -20.5 27.3

9 WS_45 DEG 604 141 -6.2 -2.2 4.3 26.4 -14.8 20.2

10 WS_45 DEG 605 136 -3.4 -1.8 2.3 24.3 -9.7 14.3

1 WS_-45 DEG 501 106 9.3 -5.2 1.9 53.5 54 -117.4

2 WS_-45 DEG 502 111 9.3 -4.2 2.6 39.6 39.9 -76.9

3 WS_-45 DEG 503 116 8.5 -3.3 3 28.8 27.5 -45.6

4 WS_-45 DEG 504 121 5.6 -2.5 2.4 21.6 17.4 -23.6

5 WS_-45 DEG 505 126 -1 -1.8 -3.2 20.1 9.5 -10.4

6 WS_-45 DEG 601 156 4.3 -3.4 -0.7 41 34.5 47.4

7 WS_-45 DEG 602 151 6.8 -3 -3.2 34.6 27.3 36.4

8 WS_-45 DEG 603 146 7.6 -2.6 -4.7 29.7 20.5 27.3

9 WS_-45 DEG 604 141 6.2 -2.2 -4.3 26.4 14.8 20.2

10 WS_-45 DEG 605 136 3.4 -1.8 -2.3 24.3 9.7 14.3
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Load 
(Row) 
Number

User's Load ID Member ID Joint ID Fx (kips) Fy (kips) Fz (kips)
Mx 

(ft*kip)
My 

(ft*kip)
Mz 

(ft*kip)

1 WS_60 DEG 501 106 -11.3 -3.6 -2.2 37.6 -65.7 -82

2 WS_60 DEG 502 111 -11.4 -3 -3.1 27.9 -48.6 -53.8

3 WS_60 DEG 503 116 -10.3 -2.3 -3.7 20.4 -33.5 -32

4 WS_60 DEG 504 121 -6.8 -1.7 -2.9 15.3 -21.2 -16.6

5 WS_60 DEG 505 126 1.1 -1.2 3.9 14.2 -11.6 -7.3

6 WS_60 DEG 601 156 -5.3 -2.4 0.9 28.4 -42.1 32.9

7 WS_60 DEG 602 151 -8.3 -2.1 3.9 24 -33.2 25.2

8 WS_60 DEG 603 146 -9.3 -1.8 5.7 20.5 -25 18.9

9 WS_60 DEG 604 141 -7.6 -1.5 5.2 18.2 -18 13.8

10 WS_60 DEG 605 136 -4.2 -1.3 2.8 16.6 -11.8 9.8

1 WS_-60 DEG 501 106 11.3 -3.6 2.3 37.6 65.7 -82

2 WS_-60 DEG 502 111 11.4 -3 3.1 27.9 48.6 -53.8

3 WS_-60 DEG 503 116 10.3 -2.3 3.7 20.4 33.5 -32

4 WS_-60 DEG 504 121 6.8 -1.7 2.9 15.3 21.2 -16.6

5 WS_-60 DEG 505 126 -1.1 -1.2 -3.9 14.2 11.6 -7.3

6 WS_-60 DEG 601 156 5.2 -2.4 -0.9 28.4 42.1 32.9

7 WS_-60 DEG 602 151 8.3 -2.1 -3.9 24 33.2 25.2

8 WS_-60 DEG 603 146 9.3 -1.8 -5.7 20.5 25 18.9

9 WS_-60 DEG 604 141 7.6 -1.5 -5.2 18.2 17.9 13.8

10 WS_-60 DEG 605 136 4.2 -1.3 -2.8 16.6 11.8 9.8

1 WS+WUP 501 106 2.4 -7.2 1.1 69.8 1.5 -160.1

2 WS+WUP 502 111 12.7 -5.9 6.4 50.3 -1.9 -103.2

3 WS+WUP 503 116 18.1 -4.6 10.7 35.2 -1 -59.6

4 WS+WUP 504 121 20.5 -3.3 15.6 24.4 -0.9 -28.8

5 WS+WUP 505 126 17.5 -2.3 22.3 22.2 -0.4 -11.5

6 WS+WUP 601 156 -8.7 -4.8 6.9 56.8 -0.9 66.2

7 WS+WUP 602 151 -12.4 -4.2 10.4 48.3 -1 51.1

8 WS+WUP 603 146 -15.1 -3.6 13.8 42.1 -1 38.9

9 WS+WUP 604 141 -16.4 -3.1 16.8 37.9 -1.2 29.2

10 WS+WUP 605 136 -14.1 -2.6 17.5 34.2 -0.7 20.7
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South Landing Canopy 
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Design Summary 
 
Project:   FIU Pedestrian Bridge 
 
Project No. :   2262.03 
 
Design Task:  South Landing Canopy Design Summary 
 
Designer:  Erika N. Hango, P.E. 
 
Design Summary: 
 
This binder contains the calculations performed for the 90% design of the 
canopy at the south landing.  The calculations were prepared in accordance 
with the project design criteria, AASHTO LRFD Bridge Design Specifications 7th 
Edition with 2015 Interim Revisions, FDOT Structures Design Guidelines 
(January 2015), AASHTO LRFD Guide Specifications for the Design of 
Pedestrian Bridges 2nd Edition (2009), and the Florida Building Code 5th Edition 
(2014).  The intent of this design was to determine the required concrete 
dimensions and the reinforcement requirements for each canopy element. 
 
The south landing was modeled using LARSA 4D (V7.08.05).  Relevant member 
forces were extracted from the model.  Load combinations were calculated with 
PT Column (V2.6.3) and by hand to determine the governing factored loads for 
design.  The Strength I, III, and V and Service I and III limit states were 
investigated. 
 
The canopy beam longitudinal reinforcement was designed for positive flexure 
per AASHTO LRFD 5.7.3.2.  Minimum reinforcement was checked per AASHTO 
LRFD 5.7.3.3.2 and control of cracking by distribution of reinforcement was 
checked per AASHTO LRFD 5.7.3.4.  Shrinkage and temperature reinforcement 
was determined in accordance with AASHTO LRFD 5.10.8.  Beam transverse 
reinforcement was designed for shear per AASHTO LRFD 5.8.3.3 and combined 
shear and torsion per AASHTO LRFD 5.8.3.6.  Minimum transverse 
reinforcement was checked per AASHTO LRFD 5.8.2.5 and the provided 
longitudinal reinforcement was checked per AASHTO LRFD 5.8.3.6.3.   
 
Column longitudinal reinforcement was designed for biaxial flexure and axial 
load using the PT Column program in accordance with AASHTO LRFD.  Moment 
magnification factors were calculated for both transverse and longitudinal 
directions per AASHTO LRFD 4.5.3.2.2b.  Service III stresses were checked per 
FDOT SDG 3.10 and ACI 318-14 24.3.2.1.  Column transverse reinforcement 
was designed per AASHTO LRFD 5.8.3.3 and minimum reinforcement was 
checked per AASHTO LRFD 5.8.2.5. 
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Note:  For canopy transverse and longitudinal reinforcement, see typical canopy design.  
For canopy diaphragm transverse reinforcement, see canopy end diaphragm design.
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 Project
FIU Pedestrian Bridge

 Project Number
2262.03

 Description
Canopy Beam Design

Member Station DC Roof LL
WS 0° w/ 

Uplift
WS 0° 
(SER I) STR I STR III SER I SER III

201 0 23 2 -2 0 33 26 25 25
201 1 83 9 -8 0 119 93 91 90
201 2 137 14 -14 0 196 152 151 148
201 3 184 19 -18 0 264 205 203 200
201 4 225 23 -23 0 322 250 248 244
201 5 260 27 -26 0 372 288 286 281
201 6 288 30 -29 0 412 319 317 312
201 7 310 32 -31 0 442 343 341 335
201 8 325 33 -33 0 464 360 358 351
201 9 333 34 -34 0 476 370 368 361
201 10 336 34 -34 0 479 373 370 363
201 11 332 33 -33 0 473 368 365 358
201 12 321 32 -32 0 458 357 354 347
201 13 304 30 -30 0 433 338 335 328
201 14 281 28 -27 0 399 312 309 303
201 15 251 24 -24 1 356 280 276 270
201 16 214 20 -20 1 304 240 235 231
201 17 172 16 -16 1 242 193 188 184
201 18 122 11 -10 1 171 139 134 131
201 19 67 4 -4 1 91 77 72 70
201 20 5 -2 2 1 2 9 3 3

NOTE:
indicates maximum positive moment used for analysis

 Date
10/04/16

 Designed
ENH

 Checked

South Plaza - Canopy Beam - Moment (k-ft)
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 Project
FIU Pedestrian Bridge

 Project Number
2262.03

 Description
Canopy Beam Design

Member Station DC Roof LL
WS 0° w/ 

Uplift STR I STR III
201 0 44 5 -5 62 48
201 1 39 4 -4 56 43
201 2 35 4 -4 50 38
201 3 30 3 -3 43 33
201 4 26 3 -3 37 29
201 5 21 2 -2 31 24
201 6 17 2 -2 24 19
201 7 13 1 -1 18 14
201 8 8 1 -1 12 9
201 9 4 0 0 5 4
201 10 -1 0 0 -1 -1
201 11 -5 -1 1 -7 -5
201 12 -9 -1 1 -14 -10
201 13 -14 -2 2 -20 -15
201 14 -18 -2 2 -26 -20
201 15 -23 -2 2 -33 -25
201 16 -27 -3 3 -39 -30
201 17 -32 -3 3 -45 -35
201 18 -36 -4 4 -52 -40
201 19 -40 -4 4 -58 -44
201 20 -45 -5 5 -64 -49

NOTE:
indicates maximum shear with concurrent torsion used for analysis

 Date
10/04/16

 Designed

South Plaza - Canopy Beam - Shear (k)

ENH
 Checked
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 Project
FIU Pedestrian Bridge

 Project Number
2262.03

 Description
Canopy Beam Design

Member Station DC Roof LL
WS 0° w/ 

Uplift STR I STR III
201 0 0 0 -9 -1 -14
201 1 0 0 -11 -1 -16
201 2 0 0 -13 -1 -19
201 3 0 0 -15 -1 -21
201 4 0 0 -17 -1 -24
201 5 0 0 -19 -1 -27
201 6 0 0 -20 -1 -29
201 7 0 0 -22 -1 -32
201 8 0 0 -24 -1 -34
201 9 0 0 -26 -1 -37
201 10 0 0 -28 -1 -40
201 11 0 0 -30 -1 -42
201 12 0 0 -32 -1 -45
201 13 0 0 -34 -1 -47
201 14 0 0 -35 -1 -50
201 15 0 0 -37 -1 -53
201 16 0 0 -39 -1 -55
201 17 0 0 -41 -1 -58
201 18 0 0 -43 -1 -61
201 19 0 0 -45 -1 -63
201 20 0 0 -47 -1 -66

NOTE:
indicates maximum torsion with concurrent shear used for analysis

 Date
10/04/16

 Designed

South Plaza - Canopy Beam - Torsion (k-ft)

ENH
 Checked
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FIU Pedestrian Bridge
Project Number: 2262.03

Designed By:  ENH
Checked By:  MF
Date: 9/30/2016

Creating
Bridges 

as Art

 Canopy Beam Positive Moment Design (Member 201, Station 10)

 Input
fc 5.5ksiMu 479kip ft coverbot 2in

fy 60ksiMs 370kip ft dbar_trans 0.625in

Es 29000ksih 27in

Ec 3846ksib 39in

β1 0.85 fc 4ksiif

max 0.85 0.05
fc

1000psi
4









 0.65








fc 4ksiif



AASHTO 5.7.2.2

β1 0.775

 Strength Design

BarSizebot 9 dbar_bot 1.128in Abar_bot 1.00in2
 Nbar_bot 6 Trial bar size

sbot 6in Spacing of reinforcement

d coverbot dbar_trans 0.5 dbar_bot 3.189 in Distance from extreme tension fiber to
centroid of reinforcement

ds h d 23.81 in Effective depth of section

As_prov Nbar_bot Abar_bot 6.00 in2
 Area of steel provided

Depth of equivalent compression block
a

As_prov fy

0.85 fc b
1.97 in

Distance from extreme compression
fiber to neutral axisc

a
β1

2.55 in

Distance from extreme compression
fiber to reinforcement layer closest to
tension face

dt h coverbot dbar_trans 0.5dbar_bot 23.81 in

Net tensile strain in extreme tension
steelεt

0.003 dt c 

c
0.025

ϕf 0.90 εt 0.005if

"Not tension controlled" εt 0.005if



ϕf 0.90 Tension controlled resistance factor
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FIU Pedestrian Bridge
Project Number: 2262.03

Designed By:  ENH
Checked By:  MF
Date: 9/30/2016

Creating
Bridges 

as Art

Mn As_prov fy ds
a
2







 685 ft·kip

ϕMn ϕf Mn

ϕMn 616 kip ft Factored moment capacity of section

Check1 if ϕMn Mu "OK" "NG" 

Check1 "OK" ϕMn
Mu

1.29

 Minimum Reinforcement Check (AASHTO 5.7.3.3.2)

fr 0.24 fc ksi 0.563 ksi AASHTO 5.4.2.6

I
b h3

12
3.08 ft4 Moment of inertia at section checked

c
h
2

1.125 ft

γ1 1.6 Flexural cracking variability factor for
concrete structures other than precast
segmental

γ3 0.67 For A615, Grade 60 Reinforcement

Mcr
γ3 γ1 fr I

c
238 kip ft

Check2 if ϕMn min Mcr 1.33 Mu  "OK" "Add reinforcement" 

Check2 "OK"

 Crack Control Check (AASHTO 5.7.3.4)

n
Es
Ec

7.5 Modular ratio

As Nbar_bot Abar_bot 6.00 in2
 Area of steel provided

ρ
As

b ds
0.006 Reinforcement ratio

k ρ n( )2 2 ρ n ρ n 0.267
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FIU Pedestrian Bridge
Project Number: 2262.03

Designed By:  ENH
Checked By:  MF
Date: 9/30/2016

Creating
Bridges 

as Art

j 1
k
3

 0.911

Tensile stress in rebar under service
loads.  Stress is limited to 0.6fy.fss

Ms
As j ds

34.1 ksi

Check3 if fss 0.6 fy "OK" "NG" 

Check3 "OK"

Thickness of concrete cover measured
from extreme tension fiber to center of
closest layer of flexural reinforcement

dc 2in dbar_trans
dbar_bot

2
 3.19 in

βs 1
dc

0.7 h dc 
 1.19

Exposure_Class 1

γe 1.00 Exposure_Class 1=if

0.75 otherwise

 Exposure factor

γe 1.00

smax
700 γe

βs fss
in
kip


2 dc 10.84 in Maximum spacing of reinforcement for
crack control (AASHTO 5.7.3.4-1)

Check4 if sbot smax "OK" "NG" 

Check4 "OK"

 Shrinkage and Temperature Reinforcement (AASHTO 5.10.8)

Abar_t_sh 0.20in2
 st_sh 12in

As_t_sh max
1.30

kip
in

 b h

2 b h( ) fy ft
0.11

in2

ft












0.17
in2

ft


As_t_sh_prov

Abar_t_sh 12
in
ft

st_sh
0.20

in2

ft


Check5 if As_t_sh_prov As_t_sh "OK" "NG" 

Check5 "OK"
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FIU Pedestrian Bridge
Project Number: 2262.03

Designed By:  ENH
Checked By:  MF
Date: 10/4/2016

Creating
Bridges 

as Art

 Canopy Beam Shear (with Concurrent Torsion) Design
 (Beam 201, Station 20)
 Input

fc 5.5ksi:=ds 23.81in:= h 27in:=

b 39in:= fy 60ksi:=
As_prov 6.00in2:= ϕf 0.9:=

Mn 685 ft·kip:= (Actual area and perimeter
calculated)Abar_trans 0.31in2:= ϕv 0.9:= Acp 1206in2:=

Mu 2 ft·kip:= nlegs 2:= θ 45deg:= pc 144in:=

strans 9in:= β 2:=Vu 64kip:= ph 125in:=

Tu 1ft kip⋅:=

 Minimum Transverse Reinforcement Check (AASHTO 5.8.2.5)

Av_min 0.0316 fc ksi⋅⋅
b strans⋅

fy
⋅ 0.43 in2⋅=:=

Av_prov nlegs Abar_trans 0.62 in2⋅=:=

Check1 if Av_prov Av_min≥ "OK", "NG", ( ):=

Check1 "OK"=

 Shear Design (AASHTO 5.8.3.3)

dv max 0.72 h⋅ 0.9ds, 
Mn

As_prov fy⋅
, 









22.83 in⋅=:= Effective shear depth

Nominal shear resistance provided
by concreteVc 0.0316 β⋅ fc ksi⋅⋅ b⋅ dv⋅ 132 kip⋅=:=

Check2 if Vu 0.5 ϕv⋅ Vc> "Consider Shear", "Provide Min. Reinf.", ( ):= AASHTO LRFD Eq. 5.8.2.4-1

Check2 "Consider Shear"=

Nominal shear resistance provided
by shear reinforcement

Vs
Av_prov fy⋅ dv⋅

tan θ( ) strans⋅
94 kip⋅=:=

Nominal shear resistance
Vn min Vc Vs+ 0.25 fc⋅ b⋅ dv⋅, ( ) 226 kip⋅=:=

ϕVn ϕv Vn⋅ 204 kip⋅=:= Factored shear resistance
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FIU Pedestrian Bridge
Project Number: 2262.03

Designed By:  ENH
Checked By:  MF
Date: 10/4/2016

Creating
Bridges 

as Art

Check3 if Vu ϕVn≤ "OK", "NG", ( ):=

Check3 "OK"= ϕVn
Vu

3.18=

 Combined Shear and Torsion Check (AASHTO 5.8.3.6)

Tcr 0.125 fc ksi⋅⋅
Acp

2

pc
⋅ 247 ft·kip⋅=:= Torsional cracking moment

Check4 if Tu 0.25 ϕv⋅ Tcr> "Consider Torsion", "Neglect Torsion", ( ):= AASHTO LRFD Eq. 5.8.2.1-3

Check4 "Neglect Torsion"=
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FIU Pedestrian Bridge
Project Number: 2262.03

Designed By:  ENH
Checked By:  MF
Date: 10/4/2016

Creating
Bridges 

as Art

 Canopy Beam Torsion (with Concurrent Shear) Design
 (Beam 201, Station 20)
 Input

fc 5.5ksi:=ds 23.81in:= h 27in:=

b 39in:= fy 60ksi:=
As_prov 6.00in2:= ϕf 0.9:=

Mn 685 ft·kip:= (Actual area and perimeter
calculated)Abar_trans 0.31in2:= ϕv 0.9:= Acp 1206in2:=

Mu 9 ft·kip:= nlegs 2:= θ 45deg:= pc 144in:=

strans 9in:= β 2:=Vu 49kip:= ph 125in:=

Tu 66ft kip⋅:=

 Minimum Transverse Reinforcement Check (AASHTO 5.8.2.5)

Av_min 0.0316 fc ksi⋅⋅
b strans⋅

fy
⋅ 0.43 in2⋅=:=

Av_prov nlegs Abar_trans 0.62 in2⋅=:=

Check1 if Av_prov Av_min≥ "OK", "NG", ( ):=

Check1 "OK"=

 Shear Design (AASHTO 5.8.3.3)

dv max 0.72 h⋅ 0.9ds, 
Mn

As_prov fy⋅
, 









22.83 in⋅=:= Effective shear depth

Nominal shear resistance provided
by concreteVc 0.0316 β⋅ fc ksi⋅⋅ b⋅ dv⋅ 132 kip⋅=:=

Check2 if Vu 0.5 ϕv⋅ Vc> "Consider Shear", "Provide Min. Reinf.", ( ):= AASHTO LRFD Eq. 5.8.2.4-1

Check2 "Provide Min. Reinf."=

Nominal shear resistance provided
by shear reinforcement

Vs
Av_prov fy⋅ dv⋅

tan θ( ) strans⋅
94 kip⋅=:=

Nominal shear resistance
Vn min Vc Vs+ 0.25 fc⋅ b⋅ dv⋅, ( ) 226 kip⋅=:=

ϕVn ϕv Vn⋅ 204 kip⋅=:= Factored shear resistance
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FIU Pedestrian Bridge
Project Number: 2262.03

Designed By:  ENH
Checked By:  MF
Date: 10/4/2016

Creating
Bridges 

as Art

Check3 if Vu ϕVn≤ "OK", "NG", ( ):=

Check3 "OK"= ϕVn
Vu

4.16=

 Combined Shear and Torsion Check (AASHTO 5.8.3.6)

Tcr 0.125 fc ksi⋅⋅
Acp

2

pc
⋅ 247 ft·kip⋅=:= Torsional cracking moment

Check4 if Tu 0.25 ϕv⋅ Tcr> "Consider Torsion", "Neglect Torsion", ( ):= AASHTO LRFD Eq. 5.8.2.1-3

Check4 "Consider Torsion"=

Area of shear reinforcement
requiredAv if Check2 "Provide Min. Reinf."= Av_min, 

Vu
ϕv

Vc−








strans⋅ tan θ( )⋅

fy dv⋅
, 













0.43 in2⋅=:=

Area enclosed by centerline of transverse
torsion reinforcementAoh 884in2:=

Area enclosed by shear flow path.
Approximated per ACI 11.5.3.5.Ao 0.85 Aoh⋅ 751 in2⋅=:=

Area of one leg of closed transverse torsion
reinforcement requiredAt if Check4 "Consider Torsion"=

Tu tan θ( )⋅ strans⋅

ϕv 2⋅ Ao⋅ fy⋅
, 0in2, 









0.09 in2⋅=:=

Atot 2At Av+ 0.61 in2⋅=:=

Check5 if Av_prov Atot≥ "OK", "NG", ( ):= AASHTO LRFD 5.8.3.6.1

Check5 "OK"=

 Check Longitudinal Reinforcement (AASHTO 5.8.3.6.3)

AASHTO LRFD 5.8.3.5
Vs1 if Vs

Vu
ϕv

>
Vu
ϕv

, Vs, 








54 kip⋅=:=

Check6 if As_prov fy⋅
Mu
ϕf dv⋅

Vu
ϕv

0.5 Vs1⋅−








2 0.45 ph⋅ Tu⋅

2 Ao⋅ ϕv⋅









2

++≥ "OK", "NG", 










:= AASHTO LRFD Eq. 5.8.3.6.3-1

Check6 "OK"=
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 Project
FIU Pedestrian Bridge

 Project Number
2262.03

 Description
1.75'x2.5' Canopy Support Column Design

Min. column reinf. per ACI 318-11 10.9.1: 10-#10
Ag (in

2) 630
As,min (in2) 6.30
As,prov (in2) 12.70 OK

Lap Splice Length per AASHTO LRFD 5.11.5.3.1: 69 in
% Spliced 100%
Class C
Ab (in2) 1.27
db (in) 1.27
ldb (in) 40.61
1.7ld (in) 69

 Checked

 Date
08/20/16

 Designed
ENH
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FIU Pedestrian Bridge
Project Number: 2262.03

Designed By:  ENH
Checked By:  MF
Date: 8/20/2016

Creating
Bridges 

as Art

 Moment Magnification Factor - Transverse (Mx)
 Input

lu 14.67ft:= Ec 3846ksi:= PDC 60.2kip:= MDC 0.2− kip ft⋅:=

k 2.1:= PWS 0kip:= MWS 35.3kip ft⋅:=Ig 1.12ft4:=

h 1.75ft:= Cm 1.0:=

ϕK 0.75:=

 Check Slenderness (AASHTO LRFD 5.7.4.3)

λ
k lu⋅( )
0.3 h⋅

58.68=:=

Check1 if λ 22> "Consider Slenderness", "Neglect Slenderness", ( ):=

Check1 "Consider Slenderness"=

 Determine EI (AASHTO LRFD 5.7.4.3)

MTOT 0.9MDC 1.4MWS+ 49 ft·kip⋅=:=

MPERM 0.9MDC 0− ft·kip⋅=:=

βd
MPERM
MTOT

3.656 10 3−×=:=

EI
0.4Ec Ig⋅

1 βd+
3.56 107× kip in2⋅⋅=:=

 Determine Euler Buckling Load (AASHTO LRFD 4.5.3.2.2b)

Pe
π

2 EI⋅

k lu⋅( )2
2571 kip⋅=:=

 Determine Moment Magnification Factors (AASHTO LRFD 4.5.3.2.2b)

Pu 0.9PDC 1.4PWS+ 54 kip⋅=:=

δb
Cm

1
Pu

ϕK Pe⋅
−

1.03=:=

δs δb 1.03=:=
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FIU Pedestrian Bridge
Project Number: 2262.03

Designed By:  ENH
Checked By:  MF
Date: 8/20/2016

Creating
Bridges 

as Art

 Moment Magnification Factor - Longitudinal (My)
 Input

lu 14.67ft:= Ec 3846ksi:= PDC 60.2kip:= MDC 312.2kip ft⋅:=

k 2.1:= PLL 4.7kip:= MLL 24.9kip ft⋅:=Ig 2.28ft4:=

h 2.5ft:= Cm 1.0:=

ϕK 0.75:=

 Check Slenderness (AASHTO LRFD 5.7.4.3)

λ
k lu⋅( )
0.3 h⋅

41.08=:=

Check1 if λ 22> "Consider Slenderness", "Neglect Slenderness", ( ):=

Check1 "Consider Slenderness"=

 Determine EI (AASHTO LRFD 5.7.4.3)

MTOT 1.25MDC 1.75MLL+ 434 ft·kip⋅=:=

MPERM 1.25MDC 390 ft·kip⋅=:=

βd
MPERM
MTOT

0.90=:=

EI
0.4Ec Ig⋅

1 βd+
3.829 107× kip in2⋅⋅=:=

 Determine Euler Buckling Load (AASHTO LRFD 4.5.3.2.2b)

Pe
π

2 EI⋅

k lu⋅( )2
2765 kip⋅=:=

 Determine Moment Magnification Factors (AASHTO LRFD 4.5.3.2.2b)

Pu 1.25PDC 1.75PLL+ 83 kip⋅=:=

δb
Cm

1
Pu

ϕK Pe⋅
−

1.04=:=

δs δb 1.04=:=
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 Project
FIU Pedestrian Bridge

 Project Number
2262.03

 Description
1.75'x2.5' Canopy Column Design (Bot of Col)

Moment Magnification Factor per AASHTO LRFD 4.5.3.2.2b: δ 1.03 1.04

Member Joint Fz (k) Mx (k-ft) My (k-ft) Fz (k) Mx (k-ft) My (k-ft)
212 211 4.7 0.0 24.9 4.7 0.0 25.9

Member Joint Fz (k) Mx (k-ft) My (k-ft) Fz (k) Mx (k-ft) My (k-ft)
212 211 60.2 -0.2 312.2 60.2 -0.2 324.7

Member Joint Fz (k) Mx (k-ft) My (k-ft) Fz (k) Mx (k-ft) My (k-ft)
212 211 0.0 35.3 0.8 0.0 36.4 0.8

Member Joint Fz (k) Mx (k-ft) My (k-ft) Fz (k) Mx (k-ft) My (k-ft)
212 211 0.0 24.5 1.9 0.0 25.2 2.0

Member Joint Fz (k) Mx (k-ft) My (k-ft) Fz (k) Mx (k-ft) My (k-ft)
212 211 0.0 23.9 1.8 0.0 24.6 1.9

Member Joint Fz (k) Mx (k-ft) My (k-ft) Fz (k) Mx (k-ft) My (k-ft)
212 211 0.0 -17.9 0.3 0.0 -18.4 0.3

Member Joint Fz (k) Mx (k-ft) My (k-ft) Fz (k) Mx (k-ft) My (k-ft)
212 211 0.0 -12.7 1.4 0.0 -13.1 1.5

Member Joint Fz (k) Mx (k-ft) My (k-ft) Fz (k) Mx (k-ft) My (k-ft)
212 211 0.0 -12.4 1.4 0.0 -12.8 1.5

Member Joint Fz (k) Mx (k-ft) My (k-ft) Fz (k) Mx (k-ft) My (k-ft)
212 211 -10.6 -17.7 -54.8 -10.6 -18.2 -57.0

WS_0 DEG_STRV

WS_0 DEG_SRVI

WS_0 DEG

WS_0 DEG_WEST_SRVI

WS_0 DEG_WEST_STRV

WS_0 DEG_STRV

WS_0 DEG_WEST

WS_0 DEG_WEST_SRVI

WS_0 DEG_WEST_STRV

WS_0 DEG_WEST+WUP WS_0 DEG_WEST+WUP

WS_0 DEG_WEST

WS_0 DEG_SRVI

WS_0 DEG

 Date
08/20/16

 Designed
ENH

 Checked

Canopy LL

DC (Total)

Canopy LL

DC (Total)
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 Project
FIU Pedestrian Bridge

 Project Number
2262.03

 Description
1.75'x2.5' Canopy Column Design (Bot of Col)

Moment Magnification Factor per AASHTO LRFD 4.5.3.2.2b: δ 1.03 1.04

 Date
08/20/16

 Designed
ENH

 Checked

Member Joint Fz (k) Mx (k-ft) My (k-ft) Fz (k) Mx (k-ft) My (k-ft)
212 211 -10.6 35.0 -55.5 -10.6 36.1 -57.7

Member Joint Fz (k) Mx (k-ft) My (k-ft) Fz (k) Mx (k-ft) My (k-ft)
212 211 0.5 -0.1 -16.9 0.5 -0.1 -17.6

Member Joint Fz (k) Mx (k-ft) My (k-ft) Fz (k) Mx (k-ft) My (k-ft)
212 211 0.4 -0.1 -19.2 0.4 -0.1 -20.0

Member Joint Fz (k) Mx (k-ft) My (k-ft) Fz (k) Mx (k-ft) My (k-ft)
212 211 0.3 -0.1 -18.7 0.3 -0.1 -19.4

WS_90 DEG_STRV

WS_0 DEG+WUP

WS_90 DEG

WS_90 DEG_SRVI

WS_90 DEG_STRV

WS_90 DEG_SRVI

WS_90 DEG

WS_0 DEG+WUP
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XTRACT Section Report FIGG
FIGG
9/30/2016
FIU pedestrian Bridge
FIU

Bent Column

Page __ of  __

Section Name:

Section Details:
X Centroid: 1.95E-16 ft

Y Centroid: -2.65E-17 ft

Section Area: 4.375 ft^2

EI gross about X: 1.590E+6 kip-ft^2

EI gross about Y: 764.2E+3 kip-ft^2

I trans (Confined1) about X: 2.611 ft^4

I trans (Confined1) about Y: 1.255 ft^4

Reinforcing Bar Area: 87.97E-3 ft^2

Percent Longitudinal Steel: 2.011 %

Overall Width: 1.750 ft

Overall Height: 2.500 ft

Number of Fibers: 196

Number of Bars: 10

Number of Materials: 3

Material Types and Names:
Unconfined Concrete: Unconfined1

Confined Concrete: Confined1

Strain Hardening Steel: Steel1

Comments:
User Comments 

Service III check performed using XTRACT.  This is not a bridge column; therefore, 28 ksi stress in longitudinal 
reinforcing steel is acceptable per ACI 318-14 Section 24.3.2.1. 
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XTRACT Material Report FIGG

FIU
FIU pedestrian Bridge

FIGG
9/30/2016

Steel1

Strain Hardening Steel

Page __ of  __

Material Type:

Material Name:

Input Parameters:
Yield Stress: 60.00 ksi

Fracture Stress: 90.00 ksi

Yield Strain: 2.069E-3

Strain at Strain Hardening: 8.000E-3

Failure Strain: 90.00E-3

Elastic Modulus: 29.00E+3 ksi

Additional Information: Symetric Tension and Comp.

Model Details:

Material Color States:
Tension force after onset of strain hardening

Tension force after yield

Initial state

Compression force after yield

Compression force after onset of strain hardening
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XTRACT Analysis Report FIGG

FIU

FIGG
9/30/2016
FIU pedestrian Bridge

Bent Column

Page __ of  __

Section Name:

Analysis Type:

Loading Name:

Moment Curvature

service III

Section Details:
X Centroid: 1.95E-16 ft

Y Centroid: -2.65E-17 ft

Section Area: 4.375 ft^2

Loading Details:
Constant Load - P: 64.00 kips

Constant Load - Mxx: -345.4 kip-ft

Constant Load - Myy: -.2000 kip-ft

Incrementing Loads: Mxx Only

Number of Points: 31

Analysis Strategy: Displacement Control

Analysis Results:
Failing Material: Confined1

Failure Strain: 7.273E-3  Compression

Curvature at Initial Load: .6527E-3 1/ft

Curvature at First Yield: 1.354E-3 1/ft

Ultimate Curvature: 18.20E-3 1/ft

Moment at First Yield: 657.5 kip-ft

Ultimate Moment: 866.8 kip-ft

Centroid Strain at Yield: .7491E-3  Ten

Centroid Strain at Ultimate: 11.44E-3  Ten

N.A. at First Yield: .5531 ft

N.A. at Ultimate: .6288 ft

Energy per Length: 14.65 kips

Effective Yield Curvature: 1.756E-3 1/ft

Effective Yield Moment: 836.0 kip-ft

Over Strength Factor: 1.037

EI Effective: 444.7E+3 kip-ft^2

Yield EI Effective: 1876 kip-ft^2

Bilinear Harding Slope: .4220 %

Curvature Ductility: 10.37

Comments:
User Comments 
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PT Column: AASHTO LRFD Column Analysis
Figg Bridge Engineers, Inc.
Utilized Cross Sections

File Name: Canopy Support Column_Bottom.ptc

Page 1 of 1
9/28/2016

 8:17:06 AM

Section ID: Cross Section 2

Material Properties

f'c (ksi)= 5.5 Strain @ Ult.= 0.003

f''c (ksi)= 4.96 Strain @ Max.= 0.0024

fy (ksi)= 60 E Conc. (ksi)= 3846

fr (ksi)= 0.563 E Rebar (ksi)= 29000

Tendon fpu (ksi)= 270 E Tendon (ksi)= 28500

PT Bar fpu (ksi)= 150 E PT Bar (ksi)= 30000

Gamma = 0.15

Section Properties

Ix (in
4
)= 23150 Iy (in

4
)= 47245

Y top (in)= 10.4997 X lft (in)= 14.9996

Y bot (in)= 10.4997 X rgt (in)= 14.9996

Area (in
2
)= 629.97 Ixy (in

4
)= 0

Cross Section Coordinates

** Exterior Boundary Coordinates **

Point No. X  (in) Y  (in) Point No. X  (in) Y  (in)

1 -15 10.5 2 15 10.5

3 15 -10.5 4 -15 -10.5

Rebar Information

Bar No. X  (in) Y  (in) Dia. (in) Area (in
2
)

1 -11.75 0 1.25 1.23

2 11.12 7.25 1.25 1.23

3 -6 7.25 1.25 1.23

4 -11.12 7.25 1.25 1.23

5 -6 -7.25 1.25 1.23

6 -11.12 -7.25 1.25 1.23

7 11.12 -7.25 1.25 1.23

8 11.75 0 1.25 1.23

9 6 7.25 1.25 1.23

10 6 -7.25 1.25 1.23
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PT Column: AASHTO LRFD Column Analysis
Figg Bridge Engineers, Inc.

Control Case Minimum Capacity Results
File Name: Canopy Support Column_Bottom.ptc

Page 1 of 1
9/28/2016

 8:17:09 AM

Section, Member & Joint
STR 1 

Results
Combo ID

Pu    
(kips)

Mux 
(ft*kip)

Muy 
(ft*kip)

Mu 
(ft*kip)

φMn
(ft*kip)

φMn/Mu

Max P STR 1/ 1 83.5 -0.3 451.2 451.2 730.5 1.619

Section ID Max Mx STR 1/ 2 62.4 -0.2 337.6 337.6 713.8 2.115

Cross Section 2 Max My STR 1/ 1 83.5 -0.3 451.2 451.2 730.5 1.619

Member Max M STR 1/ 1 83.5 -0.3 451.2 451.2 730.5 1.619

212 Min P STR 1/ 2 62.4 -0.2 337.6 337.6 713.8 2.115

Joint Min Mx STR 1/ 1 83.5 -0.3 451.2 451.2 730.5 1.619

211 Min My STR 1/ 2 62.4 -0.2 337.6 337.6 713.8 2.115
Min M STR 1/ 2 62.4 -0.2 337.6 337.6 713.8 2.115

MIN C/D = 1.619

CHECK OK

1.75'x2.5' Canopy Support Column - South Plaza - Bottom of Column - Strength I
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PT Column: AASHTO LRFD Column Analysis
Figg Bridge Engineers, Inc.

Control Case Minimum Capacity Results
File Name: Canopy Support Column_Bottom.ptc

Page 1 of 1
9/28/2016

 8:17:28 AM

Section, Member & Joint
STR 3 

Results
Combo ID

Pu    
(kips)

Mux 
(ft*kip)

Muy 
(ft*kip)

Mu 
(ft*kip)

φMn
(ft*kip)

φMn/Mu

Max P STR 3/ 5 76.0 -0.4 381.2 381.2 724.6 1.901

Section ID Max Mx STR 3/ 6 54.2 50.8 293.4 297.7 687.1 2.308

Cross Section 2 Max My STR 3/ 1 75.3 50.7 407.0 410.1 709.1 1.729

Member Max M STR 3/ 1 75.3 50.7 407.0 410.1 709.1 1.729

212 Min P STR 3/ 8 39.3 -25.7 212.4 214.0 681.6 3.185

Joint Min Mx STR 3/ 2 75.3 -26.0 406.3 407.1 717.8 1.763

211 Min My STR 3/ 9 39.3 50.4 211.5 217.4 669.8 3.081
Min M STR 3/ 8 39.3 -25.7 212.4 214.0 681.6 3.185

MIN C/D = 1.729

CHECK OK

1.75'x2.5' Canopy Support Column - South Plaza - Bottom of Column - Strength III
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PT Column: AASHTO LRFD Column Analysis
Figg Bridge Engineers, Inc.

Control Case Minimum Capacity Results
File Name: Canopy Support Column_Bottom.ptc

Page 1 of 1
9/28/2016

 8:17:40 AM

Section, Member & Joint
STR 5 

Results
Combo ID

Pu    
(kips)

Mux 
(ft*kip)

Muy 
(ft*kip)

Mu 
(ft*kip)

φMn 
(ft*kip)

φMn/Mu

Max P STR 5/ 3 81.7 -0.3 433.1 433.1 729.1 1.684

Section ID Max Mx STR 5/ 4 60.5 9.7 328.0 328.1 710.7 2.166

Cross Section 2 Max My STR 5/ 1 81.6 9.6 441.6 441.7 727.8 1.648

Member Max M STR 5/ 1 81.6 9.6 441.6 441.7 727.8 1.648

212 Min P STR 5/ 4 60.5 9.7 328.0 328.1 710.7 2.166

Joint Min Mx STR 5/ 2 81.6 -5.4 441.4 441.5 728.7 1.651

211 Min My STR 5/ 6 60.6 -0.2 319.4 319.4 712.4 2.230
Min M STR 5/ 6 60.6 -0.2 319.4 319.4 712.4 2.230

MIN C/D = 1.648

CHECK OK

1.75'x2.5' Canopy Support Column - South Plaza - Bottom of Column - Strength V
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FIU Pedestrian Bridge
Project Number: 2262.03

Designed By:  ENH
Checked By:  MF
Date: 8/20/2016

Creating
Bridges 

as Art

 Moment Magnification Factor - Transverse (Mx)
 Input

lu 14.67ft Ec 3846ksi PDC 50.6kip MDC 0.4kip ft

k 2.1 PWS 10.6 kip MWS 15kip ftIg 1.12ft4

h 1.75ft Cm 1.0

ϕK 0.75

 Check Slenderness (AASHTO LRFD 5.7.4.3)

λ
k lu 
0.3 h

58.68

Check1 if λ 22 "Consider Slenderness" "Neglect Slenderness"( )

Check1 "Consider Slenderness"

 Determine EI (AASHTO LRFD 5.7.4.3)

MTOT 1.25MDC 1.4MWS 22 ft·kip

MPERM 1.25MDC 1 ft·kip

βd
MPERM
MTOT

0.023

EI
0.4Ec Ig

1 βd
3.492 107

 kip in2


 Determine Euler Buckling Load (AASHTO LRFD 4.5.3.2.2b)

Pe
π

2 EI

k lu 2
2522 kip

 Determine Moment Magnification Factors (AASHTO LRFD 4.5.3.2.2b)

Pu 1.25PDC 1.4PWS 48 kip

δb
Cm

1
Pu

ϕK Pe


1.03

δs δb 1.03
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FIU Pedestrian Bridge
Project Number: 2262.03

Designed By:  ENH
Checked By:  MF
Date: 8/20/2016

Creating
Bridges 

as Art

 Moment Magnification Factor - Longitudinal (My)
 Input

lu 14.67ft Ec 3846ksi PDC 50.6kip MDC 13.3kip ft

k 2.1 PWS 10.6 kip MWS 6.9kip ftIg 2.28ft4

h 2.5ft Cm 1.0

ϕK 0.75

 Check Slenderness (AASHTO LRFD 5.7.4.3)

λ
k lu 
0.3 h

41.08

Check1 if λ 22 "Consider Slenderness" "Neglect Slenderness"( )

Check1 "Consider Slenderness"

 Determine EI (AASHTO LRFD 5.7.4.3)

MTOT 1.25MDC 1.40MWS 26 ft·kip

MPERM 1.25MDC 17 ft·kip

βd
MPERM
MTOT

0.63

EI
0.4Ec Ig

1 βd
4.455 107

 kip in2


 Determine Euler Buckling Load (AASHTO LRFD 4.5.3.2.2b)

Pe
π

2 EI

k lu 2
3217 kip

 Determine Moment Magnification Factors (AASHTO LRFD 4.5.3.2.2b)

Pu 1.25PDC 1.40PWS 48 kip

δb
Cm

1
Pu

ϕK Pe


1.02

δs δb 1.02
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 Project
FIU Pedestrian Bridge

 Project Number
2262.03

 Description
1.75'x2.5' Canopy Column Design (Top of Col)

Moment Magnification Factor per AASHTO LRFD 4.5.3.2.2b: δ 1.03 1.02

Member Joint Fz (k) Mx (k-ft) My (k-ft) Fz (k) Mx (k-ft) My (k-ft)
212 210 -4.7 0.0 1.5 4.7 0.0 1.5

Member Joint Fz (k) Mx (k-ft) My (k-ft) Fz (k) Mx (k-ft) My (k-ft)
212 210 -50.6 0.4 13.3 50.6 0.4 13.6

Member Joint Fz (k) Mx (k-ft) My (k-ft) Fz (k) Mx (k-ft) My (k-ft)
212 210 0.0 14.9 -0.1 0.0 15.3 -0.1

Member Joint Fz (k) Mx (k-ft) My (k-ft) Fz (k) Mx (k-ft) My (k-ft)
212 210 0.0 11.9 -0.5 0.0 12.3 -0.5

Member Joint Fz (k) Mx (k-ft) My (k-ft) Fz (k) Mx (k-ft) My (k-ft)
212 210 0.0 11.6 -0.5 0.0 11.9 -0.5

Member Joint Fz (k) Mx (k-ft) My (k-ft) Fz (k) Mx (k-ft) My (k-ft)
212 210 0.0 -7.5 0.1 0.0 -7.7 0.1

Member Joint Fz (k) Mx (k-ft) My (k-ft) Fz (k) Mx (k-ft) My (k-ft)
212 210 0.0 -6.9 -0.3 0.0 -7.1 -0.3

Member Joint Fz (k) Mx (k-ft) My (k-ft) Fz (k) Mx (k-ft) My (k-ft)
212 210 0.0 -6.7 -0.3 0.0 -6.9 -0.3

Member Joint Fz (k) Mx (k-ft) My (k-ft) Fz (k) Mx (k-ft) My (k-ft)
212 210 10.6 -7.7 6.9 -10.6 -7.9 7.0

WS_0 DEG_SRVI

WS_0 DEG

 Date
08/20/16

 Designed
ENH

 Checked

Canopy LL

DC (Total)

Canopy LL

DC (Total)

WS_0 DEG_WEST+WUP

WS_0 DEG_STRV

WS_0 DEG_WEST

WS_0 DEG_WEST_SRVI

WS_0 DEG_WEST_STRV

WS_0 DEG_WEST+WUP

WS_0 DEG_STRV

WS_0 DEG_SRVI

WS_0 DEG

WS_0 DEG_WEST_SRVI

WS_0 DEG_WEST_STRV

WS_0 DEG_WEST
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 Project
FIU Pedestrian Bridge

 Project Number
2262.03

 Description
1.75'x2.5' Canopy Column Design (Top of Col)

Moment Magnification Factor per AASHTO LRFD 4.5.3.2.2b: δ 1.03 1.02

 Date
08/20/16

 Designed
ENH

 Checked

Member Joint Fz (k) Mx (k-ft) My (k-ft) Fz (k) Mx (k-ft) My (k-ft)
212 210 10.6 15.0 6.9 -10.6 15.5 7.0

Member Joint Fz (k) Mx (k-ft) My (k-ft) Fz (k) Mx (k-ft) My (k-ft)
212 210 -0.5 -0.2 -14.5 0.5 -0.2 -14.8

Member Joint Fz (k) Mx (k-ft) My (k-ft) Fz (k) Mx (k-ft) My (k-ft)
212 210 -0.4 -0.3 -13.0 0.4 -0.3 -13.3

Member Joint Fz (k) Mx (k-ft) My (k-ft) Fz (k) Mx (k-ft) My (k-ft)
212 210 -0.3 -0.3 -12.7 0.3 -0.3 -13.0

WS_90 DEG_STRV

WS_90 DEG_SRVI

WS_90 DEG

WS_0 DEG+WUP

WS_90 DEG_STRV

WS_0 DEG+WUP

WS_90 DEG

WS_90 DEG_SRVI
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PT Column: AASHTO LRFD Column Analysis
Figg Bridge Engineers, Inc.
Utilized Cross Sections

File Name: Canopy Support Column_Top.ptc

Page 1 of 1
9/28/2016

 1:25:44 PM

Section ID: Cross Section 2

Material Properties

f'c (ksi)= 5.5 Strain @ Ult.= 0.003

f''c (ksi)= 4.96 Strain @ Max.= 0.0024

fy (ksi)= 60 E Conc. (ksi)= 3846

fr (ksi)= 0.563 E Rebar (ksi)= 29000

Tendon fpu (ksi)= 270 E Tendon (ksi)= 28500

PT Bar fpu (ksi)= 150 E PT Bar (ksi)= 30000

Gamma = 0.15

Section Properties

Ix (in
4
)= 23150 Iy (in

4
)= 47245

Y top (in)= 10.4997 X lft (in)= 14.9996

Y bot (in)= 10.4997 X rgt (in)= 14.9996

Area (in
2
)= 629.97 Ixy (in

4
)= 0

Cross Section Coordinates

** Exterior Boundary Coordinates **

Point No. X  (in) Y  (in) Point No. X  (in) Y  (in)

1 -15 10.5 2 15 10.5

3 15 -10.5 4 -15 -10.5

Rebar Information

Bar No. X  (in) Y  (in) Dia. (in) Area (in
2
)

1 -11.75 0 1.25 1.23

2 11.12 7.25 1.25 1.23

3 -6 7.25 1.25 1.23

4 -11.12 7.25 1.25 1.23

5 -6 -7.25 1.25 1.23

6 -11.12 -7.25 1.25 1.23

7 11.12 -7.25 1.25 1.23

8 11.75 0 1.25 1.23

9 6 7.25 1.25 1.23

10 6 -7.25 1.25 1.23

Page 299 of 397



PT Column: AASHTO LRFD Column Analysis
Figg Bridge Engineers, Inc.

Control Case Minimum Capacity Results
File Name: Canopy Support Column_Top.ptc

Page 1 of 1
9/28/2016

 1:25:47 PM

Service Limit State Strain Criteria

Steel Tensile Strain Limit = 0.000828

Concrete Compressive Strain Limit = 0.003

Section, Member & Joint
SRV 3 

Results
Combo ID P    (kips) Mx (ft*kip) My (ft*kip)

M 
(ft*kip)

Mn 
(ft*kip)

Mn/M

Max P SRV 3/ 1 54.4 0.4 14.8 14.8 279.2 18.861

Section ID Max Mx SRV 3/ 1 54.4 0.4 14.8 14.8 279.2 18.861

Cross Section 2 Max My SRV 3/ 1 54.4 0.4 14.8 14.8 279.2 18.861

Member Max M SRV 3/ 1 54.4 0.4 14.8 14.8 279.2 18.861

212 Min P SRV 3/ 1 54.4 0.4 14.8 14.8 279.2 18.861

Joint Min Mx SRV 3/ 1 54.4 0.4 14.8 14.8 279.2 18.861

211 Min My SRV 3/ 1 54.4 0.4 14.8 14.8 279.2 18.861
Min M SRV 3/ 1 54.4 0.4 14.8 14.8 279.2 18.861

MIN C/D = 18.861

CHECK OK

1.75'x2.5' Canopy Support Column - South Plaza - Top of Column - Service III
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PT Column: AASHTO LRFD Column Analysis
Figg Bridge Engineers, Inc.

Control Case Minimum Capacity Results
File Name: Canopy Support Column_Top.ptc

Page 1 of 1
9/28/2016

 1:25:18 PM

Section, Member & Joint
STR 1 

Results
Combo ID

Pu    
(kips)

Mux 
(ft*kip)

Muy 
(ft*kip)

Mu 
(ft*kip)

φMn 
(ft*kip)

φMn/Mu

Max P STR 1/ 1 71.5 0.5 19.6 19.6 719.6 36.655

Section ID Max Mx STR 1/ 1 71.5 0.5 19.6 19.6 719.6 36.655

Cross Section 2 Max My STR 1/ 1 71.5 0.5 19.6 19.6 719.6 36.655

Member Max M STR 1/ 1 71.5 0.5 19.6 19.6 719.6 36.655

212 Min P STR 1/ 2 53.8 0.4 14.9 14.9 705.6 47.451

Joint Min Mx STR 1/ 2 53.8 0.4 14.9 14.9 705.6 47.451

211 Min My STR 1/ 2 53.8 0.4 14.9 14.9 705.6 47.451
Min M STR 1/ 2 53.8 0.4 14.9 14.9 705.6 47.451

MIN C/D = 36.655

CHECK OK

1.75'x2.5' Canopy Support Column - South Plaza - Top of Column - Strength I
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PT Column: AASHTO LRFD Column Analysis
Figg Bridge Engineers, Inc.

Control Case Minimum Capacity Results
File Name: Canopy Support Column_Top.ptc

Page 1 of 1
9/28/2016

 1:25:28 PM

Section, Member & Joint
STR 3 

Results
Combo ID

Pu    
(kips)

Mux 
(ft*kip)

Muy 
(ft*kip)

Mu 
(ft*kip)

φMn
(ft*kip)

φMn/Mu

Max P STR 3/ 5 64.0 0.2 -3.7 3.7 709.5 190.381

Section ID Max Mx STR 3/ 4 48.4 22.2 26.8 34.8 575.4 16.535

Cross Section 2 Max My STR 3/ 3 48.4 -10.6 26.8 28.8 654.4 22.720

Member Max M STR 3/ 4 48.4 22.2 26.8 34.8 575.4 16.535

212 Min P STR 3/ 8 30.7 -10.7 22.0 24.5 629.6 25.698

Joint Min Mx STR 3/ 8 30.7 -10.7 22.0 24.5 629.6 25.698

211 Min My STR 3/ 10 46.2 0.1 -8.5 8.5 700.8 82.642
Min M STR 3/ 5 64.0 0.2 -3.7 3.7 709.5 190.381

MIN C/D = 16.535

CHECK OK

1.75'x2.5' Canopy Support Column - South Plaza - Top of Column - Strength III
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PT Column: AASHTO LRFD Column Analysis
Figg Bridge Engineers, Inc.

Control Case Minimum Capacity Results
File Name: Canopy Support Column_Top.ptc

Page 1 of 1
9/28/2016

 1:25:37 PM

Section, Member & Joint
STR 5 

Results
Combo ID

Pu    
(kips)

Mux 
(ft*kip)

Muy 
(ft*kip)

Mu 
(ft*kip)

φMn
(ft*kip)

φMn/Mu

Max P STR 5/ 3 69.7 0.4 13.8 13.8 718.1 51.921

Section ID Max Mx STR 5/ 1 69.6 5.3 18.8 19.5 688.4 35.220

Cross Section 2 Max My STR 5/ 2 69.6 -2.3 18.9 19.0 705.4 37.050

Member Max M STR 5/ 1 69.6 5.3 18.8 19.5 688.4 35.220

212 Min P STR 5/ 4 51.9 5.1 14.1 15.0 663.0 44.298

Joint Min Mx STR 5/ 5 51.9 -2.4 14.1 14.3 685.1 47.754

211 Min My STR 5/ 6 52.0 0.2 9.1 9.1 704.1 77.640
Min M STR 5/ 6 52.0 0.2 9.1 9.1 704.1 77.640

MIN C/D = 35.220

CHECK OK

1.75'x2.5' Canopy Support Column - South Plaza - Top of Column - Strength V
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 Project
FIU Pedestrian Bridge

 Project Number
2262.03

 Description
14"x14" Canopy Support Post Design

Min. column reinf. per ACI 318-11 10.9.1: 4-#10
Ag (in

2) 196
As,min (in2) 1.96
As,prov (in2) 5.08 OK

Lap Splice Length per AASHTO LRFD 5.11.5.3.1: 69 in
% Spliced 100%
Class C
Ab (in2) 1.27
db (in) 1.27
ldb (in) 40.61
1.7ld (in) 69

 Date
09/30/16

 Designed
ENH

 Checked
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FIU Pedestrian Bridge
Project Number: 2262.03

Designed By:  ENH
Checked By:  MF
Date: 8/20/2016

Creating
Bridges 

as Art

 Moment Magnification Factor (My & Mz)
 Input

lu 15.15ft Ec 3846ksi PDC 30.6kip MDC 49.1kip ft

k 1.0 PWS 2.9kip MWS 8.8kip ftIg 0.15ft4

h 14in Cm 1.0

ϕK 0.75

 Check Slenderness (AASHTO LRFD 5.7.4.3)

λ
k lu 
0.3 h

43.29

Check1 if λ 22 "Consider Slenderness" "Neglect Slenderness"( )

Check1 "Consider Slenderness"

 Determine EI (AASHTO LRFD 5.7.4.3)

MTOT 1.25MDC 1.40MWS 74 ft·kip

MPERM 1.25MDC 61 ft·kip

βd
MPERM
MTOT

0.833

EI
0.4Ec Ig

1 βd
2.611 106

 kip in2


 Determine Euler Buckling Load (AASHTO LRFD 4.5.3.2.2b)

Pe
π

2 EI

k lu 2
780 kip

 Determine Moment Magnification Factors (AASHTO LRFD 4.5.3.2.2b)

Pu 1.25PDC 1.40PWS 42 kip

δb
Cm

1
Pu

ϕK Pe


1.08

δs δb 1.08
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 Project
FIU Pedestrian Bridge

 Project Number
2262.03

 Description
14"x14" Canopy Post Design (Bot. of Column)

Moment Magnification Factor per AASHTO LRFD 4.5.3.2.2b: δ 1.08 1.08

Member Joint Fx (k) My (k-ft) Mz (k-ft) Fx (k) My (k-ft) Mz (k-ft)
207 208 -2.7 0.5 2.4 2.7 0.5 2.6
208 209 -2.7 0.6 -2.4 2.7 0.6 -2.6

Member Joint Fx (k) My (k-ft) Mz (k-ft) Fx (k) My (k-ft) Mz (k-ft)
207 208 -30.6 -5.7 49.1 30.6 -6.2 53.0
208 209 -30.5 -5.4 -49.2 30.5 -5.8 -53.1

Member Joint Fx (k) My (k-ft) Mz (k-ft) Fx (k) My (k-ft) Mz (k-ft)
207 208 -2.9 -1.4 8.8 2.9 -1.5 9.5
208 209 2.9 1.1 9.7 -2.9 1.2 10.5

Member Joint Fx (k) My (k-ft) Mz (k-ft) Fx (k) My (k-ft) Mz (k-ft)
207 208 -2.2 -1.4 6.5 2.2 -1.5 7.0
208 209 2.2 0.6 6.1 -2.2 0.6 6.6

Member Joint Fx (k) My (k-ft) Mz (k-ft) Fx (k) My (k-ft) Mz (k-ft)
207 208 -2.1 -1.3 6.3 2.1 -1.4 6.8
208 209 2.2 0.6 6.0 -2.2 0.6 6.5

Member Joint Fx (k) My (k-ft) Mz (k-ft) Fx (k) My (k-ft) Mz (k-ft)
207 208 1.9 1.3 -8.3 -1.9 1.4 -9.0
208 209 -1.9 -1.5 -6.9 1.9 -1.6 -7.5

Member Joint Fx (k) My (k-ft) Mz (k-ft) Fx (k) My (k-ft) Mz (k-ft)
207 208 1.6 0.9 -5.7 -1.6 1.0 -6.2
208 209 -1.6 -1.5 -5.5 1.6 -1.6 -5.9

WS_0 DEG_SRVI

WS_0 DEG

 Date
08/20/16

 Designed
ENH

 Checked

Canopy LL

DC (Total)

Canopy LL

DC (Total)

WS_0 DEG_STRV

WS_0 DEG_WEST

WS_0 DEG_WEST_SRVI

WS_0 DEG_STRV

WS_0 DEG_SRVI

WS_0 DEG

WS_0 DEG_WEST_SRVI

WS_0 DEG_WEST
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 Project
FIU Pedestrian Bridge

 Project Number
2262.03

 Description
14"x14" Canopy Post Design (Bot. of Column)

Moment Magnification Factor per AASHTO LRFD 4.5.3.2.2b: δ 1.08 1.08

 Date
08/20/16

 Designed
ENH

 Checked

Member Joint Fx (k) My (k-ft) Mz (k-ft) Fx (k) My (k-ft) Mz (k-ft)
207 208 1.6 0.8 -5.5 -1.6 0.9 -5.9
208 209 -1.6 -1.4 -5.4 1.6 -1.5 -5.8

Member Joint Fx (k) My (k-ft) Mz (k-ft) Fx (k) My (k-ft) Mz (k-ft)
207 208 7.6 -1.2 -13.5 -7.6 -1.3 -14.6
208 209 3.7 -3.9 -1.8 -3.7 -4.2 -1.9

Member Joint Fx (k) My (k-ft) Mz (k-ft) Fx (k) My (k-ft) Mz (k-ft)
207 208 2.7 -3.5 3.6 -2.7 -3.8 3.9
208 209 8.6 -1.2 14.9 -8.6 -1.3 16.1

Member Joint Fx (k) My (k-ft) Mz (k-ft) Fx (k) My (k-ft) Mz (k-ft)
207 208 0.2 -0.2 -1.1 -0.2 -0.2 -1.2
208 209 0.2 -0.4 1.2 -0.2 -0.4 1.3

Member Joint Fx (k) My (k-ft) Mz (k-ft) Fx (k) My (k-ft) Mz (k-ft)
207 208 0.3 3.3 -2.6 -0.3 3.6 -2.8
208 209 0.3 3.1 2.8 -0.3 3.3 3.0

Member Joint Fx (k) My (k-ft) Mz (k-ft) Fx (k) My (k-ft) Mz (k-ft)
207 208 0.3 3.2 -2.6 -0.3 3.5 -2.8
208 209 0.3 3.0 2.7 -0.3 3.2 2.9

WS_90 DEG_STRV

WS_90 DEG_SRVI

WS_90 DEG

WS_0 DEG+WUP

WS_0 DEG_WEST+WUP

WS_90 DEG_STRV

WS_0 DEG_WEST_STRV

WS_0 DEG_WEST+WUP

WS_0 DEG+WUP

WS_90 DEG

WS_90 DEG_SRVI

WS_0 DEG_WEST_STRV
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XTRACT Section Report FIGG
FIGG
9/30/2016
FIU pedestrian Bridge
FIU

Bent Column

Page __ of  __

Section Name:

Section Details:
X Centroid: -11.12E-6 ft

Y Centroid: 2.157E-3 ft

Section Area: 1.361 ft^2

EI gross about X: 103.6E+3 kip-ft^2

EI gross about Y: 101.2E+3 kip-ft^2

I trans (Unconfined1) about X: .1702 ft^4

I trans (Unconfined1) about Y: .1663 ft^4

Reinforcing Bar Area: 35.19E-3 ft^2

Percent Longitudinal Steel: 2.586 %

Overall Width: 1.167 ft

Overall Height: 1.167 ft

Number of Fibers: 74

Number of Bars: 4

Number of Materials: 3

Material Types and Names:
Unconfined Concrete: Unconfined1

Confined Concrete: Confined1

Strain Hardening Steel: Steel1

Comments:
User Comments 

Service III check performed using XTRACT.
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XTRACT Material Report FIGG

FIU
FIU pedestrian Bridge

FIGG
9/30/2016

Steel1

Strain Hardening Steel

Page __ of  __

Material Type:

Material Name:

Input Parameters:
Yield Stress: 60.00 ksi

Fracture Stress: 90.00 ksi

Yield Strain: 2.069E-3

Strain at Strain Hardening: 8.000E-3

Failure Strain: 90.00E-3

Elastic Modulus: 29.00E+3 ksi

Additional Information: Symetric Tension and Comp.

Model Details:

Material Color States:
Tension force after onset of strain hardening

Tension force after yield

Initial state

Compression force after yield

Compression force after onset of strain hardening
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XTRACT Analysis Report FIGG

FIU

FIGG
9/30/2016
FIU pedestrian Bridge

Bent Column

Page __ of  __

Section Name:

Analysis Type:

Loading Name:

Moment Curvature

service III

Section Details:
X Centroid: -11.12E-6 ft

Y Centroid: 2.157E-3 ft

Section Area: 1.361 ft^2

Loading Details:
Constant Load - P: 32.80 kips

Constant Load - Mxx: -5.800 kip-ft

Constant Load - Myy: -55.20 kip-ft

Incrementing Loads: Myy Only

Number of Points: 30

Analysis Strategy: Displacement Control

Analysis Results:
Failing Material: Confined1

Failure Strain: 7.273E-3  Compression

Curvature at Initial Load: 1.653E-3 1/ft

Curvature at First Yield: 3.826E-3 1/ft

Ultimate Curvature: 45.45E-3 1/ft

Moment at First Yield: 113.3 kip-ft

Ultimate Moment: 108.5 kip-ft

Centroid Strain at Yield: .8567E-3  Ten

Centroid Strain at Ultimate: 9.391E-3  Ten

N.A. at First Yield: .2239 ft

N.A. at Ultimate: .2066 ft

Energy per Length: 4.931 kips

Effective Yield Curvature: 4.063E-3 1/ft

Effective Yield Moment: 119.6 kip-ft

Over Strength Factor: .9071

EI Effective: 26.72E+3 kip-ft^2

Yield EI Effective: -268.6 kip-ft^2

Bilinear Harding Slope: -1.005 %

Curvature Ductility: 11.19

Comments:
User Comments 
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PT Column: AASHTO LRFD Column Analysis
Figg Bridge Engineers, Inc.
Utilized Cross Sections

File Name: Canopy Support Post_Bottom.ptc

Page 1 of 1
9/28/2016

 12:46:40 PM

Section ID: Cross Section 1

Material Properties

f'c (ksi)= 5.5 Strain @ Ult.= 0.003

f''c (ksi)= 4.96 Strain @ Max.= 0.0024

fy (ksi)= 60 E Conc. (ksi)= 3846

fr (ksi)= 0.563 E Rebar (ksi)= 29000

Tendon fpu (ksi)= 270 E Tendon (ksi)= 28500

PT Bar fpu (ksi)= 150 E PT Bar (ksi)= 30000

Gamma = 0.15

Section Properties

Ix (in
4
)= 3201 Iy (in

4
)= 3201

Y top (in)= 7 X lft (in)= 7

Y bot (in)= 7 X rgt (in)= 7

Area (in
2
)= 196 Ixy (in

4
)= 0

Cross Section Coordinates

** Exterior Boundary Coordinates **

Point No. X  (in) Y  (in) Point No. X  (in) Y  (in)

1 -7 7 2 7 7

3 7 -7 4 -7 -7

Rebar Information

Bar No. X  (in) Y  (in) Dia. (in) Area (in
2
)

1 -3.86 -3.5 1.27 1.27

2 -2.59 3.86 1.27 1.27

3 3.86 -3.5 1.27 1.27

4 2.59 3.86 1.27 1.27
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PT Column: AASHTO LRFD Column Analysis
Figg Bridge Engineers, Inc.

Control Case Minimum Capacity Results
File Name: Canopy Support Post_Bottom.ptc

Page 1 of 1
9/28/2016

 12:46:43 PM

Section, Member & Joint
STR 1 

Results
Combo ID

Pu    
(kips)

Mux 
(ft*kip)

Muy 
(ft*kip)

Mu 
(ft*kip)

φMn 
(ft*kip)

φMn/Mu

Max P STR 1/ 1 43.0 -6.9 70.8 71.1 119.8 1.684

Section ID Max Mx STR 1/ 2 32.3 -4.7 52.3 52.5 116.5 2.221

Cross Section 1 Max My STR 1/ 1 43.0 -6.9 70.8 71.1 119.8 1.684

Member Max M STR 1/ 1 43.0 -6.9 70.8 71.1 119.8 1.684

207 Min P STR 1/ 2 32.3 -4.7 52.3 52.5 116.5 2.221

Joint Min Mx STR 1/ 1 43.0 -6.9 70.8 71.1 119.8 1.684

208 Min My STR 1/ 2 32.3 -4.7 52.3 52.5 116.5 2.221
Min M STR 1/ 2 32.3 -4.7 52.3 52.5 116.5 2.221

Max P STR 1/ 1 42.9 -6.2 -70.9 71.2 120.7 1.696

Section ID Max Mx STR 1/ 2 32.2 -4.2 -52.3 52.5 115.5 2.200

Cross Section 1 Max My STR 1/ 2 32.2 -4.2 -52.3 52.5 115.5 2.200

Member Max M STR 1/ 1 42.9 -6.2 -70.9 71.2 120.7 1.696

208 Min P STR 1/ 2 32.2 -4.2 -52.3 52.5 115.5 2.200

Joint Min Mx STR 1/ 1 42.9 -6.2 -70.9 71.2 120.7 1.696

209 Min My STR 1/ 1 42.9 -6.2 -70.9 71.2 120.7 1.696
Min M STR 1/ 2 32.2 -4.2 -52.3 52.5 115.5 2.200

MIN C/D = 1.684

CHECK OK

14"x14" Canopy Support Post - South Plaza - Bottom of Column - Strength I
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PT Column: AASHTO LRFD Column Analysis
Figg Bridge Engineers, Inc.

Control Case Minimum Capacity Results
File Name: Canopy Support Post_Bottom.ptc

Page 1 of 1
9/28/2016

 12:46:51 PM

Section, Member & Joint
STR 3 

Results
Combo ID

Pu    
(kips)

Mux 
(ft*kip)

Muy 
(ft*kip)

Mu 
(ft*kip)

φMn 
(ft*kip)

φMn/Mu

Max P STR 3/ 1 42.3 -9.9 79.6 80.2 120.1 1.499

Section ID Max Mx STR 3/ 7 24.9 -3.6 35.1 35.3 114.6 3.248

Cross Section 1 Max My STR 3/ 1 42.3 -9.9 79.6 80.2 120.1 1.499

Member Max M STR 3/ 1 42.3 -9.9 79.6 80.2 120.1 1.499

207 Min P STR 3/ 10 16.9 -7.4 27.3 28.2 107.4 3.801

Joint Min Mx STR 3/ 4 34.5 -13.1 71.7 72.9 114.7 1.573

208 Min My STR 3/ 10 16.9 -7.4 27.3 28.2 107.4 3.801
Min M STR 3/ 10 16.9 -7.4 27.3 28.2 107.4 3.801

Max P STR 3/ 2 40.8 -9.5 -76.9 77.5 119.7 1.545

Section ID Max Mx STR 3/ 6 23.4 -3.5 -33.1 33.3 114.3 3.435

Cross Section 1 Max My STR 3/ 9 15.4 -7.0 -25.3 26.2 106.8 4.073

Member Max M STR 3/ 2 40.8 -9.5 -76.9 77.5 119.7 1.545

208 Min P STR 3/ 9 15.4 -7.0 -25.3 26.2 106.8 4.073

Joint Min Mx STR 3/ 5 32.9 -13.1 -69.0 70.3 114.0 1.622

209 Min My STR 3/ 2 40.8 -9.5 -76.9 77.5 119.7 1.545
Min M STR 3/ 9 15.4 -7.0 -25.3 26.2 106.8 4.073

MIN C/D = 1.499

CHECK OK

14"x14" Canopy Support Post - South Plaza - Bottom of Column - Strength III
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PT Column: AASHTO LRFD Column Analysis
Figg Bridge Engineers, Inc.

Control Case Minimum Capacity Results
File Name: Canopy Support Post_Bottom.ptc

Page 1 of 1
9/28/2016

 12:46:59 PM

Section, Member & Joint
STR 5 

Results
Combo ID

Pu    
(kips)

Mux 
(ft*kip)

Muy 
(ft*kip)

Mu 
(ft*kip)

φMn 
(ft*kip)

φMn/Mu

Max P STR 5/ 1 42.7 -7.6 72.5 72.9 119.9 1.645

Section ID Max Mx STR 5/ 6 31.1 -3.5 50.1 50.2 115.8 2.305

Cross Section 1 Max My STR 5/ 1 42.7 -7.6 72.5 72.9 119.9 1.645

Member Max M STR 5/ 1 42.7 -7.6 72.5 72.9 119.9 1.645

207 Min P STR 5/ 5 30.5 -4.5 48.9 49.1 116.1 2.366

Joint Min Mx STR 5/ 1 42.7 -7.6 72.5 72.9 119.9 1.645

208 Min My STR 5/ 5 30.5 -4.5 48.9 49.1 116.1 2.366
Min M STR 5/ 5 30.5 -4.5 48.9 49.1 116.1 2.366

Max P STR 5/ 2 42.4 -7.0 -72.2 72.5 119.6 1.649

Section ID Max Mx STR 5/ 6 31.0 -3.1 -50.1 50.2 115.6 2.301

Cross Section 1 Max My STR 5/ 4 30.2 -4.2 -48.7 48.9 115.8 2.368

Member Max M STR 5/ 2 42.4 -7.0 -72.2 72.5 119.6 1.649

208 Min P STR 5/ 4 30.2 -4.2 -48.7 48.9 115.8 2.368

Joint Min Mx STR 5/ 2 42.4 -7.0 -72.2 72.5 119.6 1.649

209 Min My STR 5/ 2 42.4 -7.0 -72.2 72.5 119.6 1.649
Min M STR 5/ 4 30.2 -4.2 -48.7 48.9 115.8 2.368

MIN C/D = 1.645

CHECK OK

14"x14" Canopy Support Post - South Plaza - Bottom of Column - Strength V
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FIU Pedestrian Bridge
Project Number: 2262.03

Designed By:  ENH
Checked By:  MF
Date: 8/20/2016

Creating
Bridges 

as Art

 Moment Magnification Factor (My & Mz)
 Input

lu 15.15ft Ec 3846ksi PDC 27.8kip MDC 26.9kip ft

k 1.0 PWS 2.9kip MWS 8.5kip ftIg 0.15ft4

h 14in Cm 1.0

ϕK 0.75

 Check Slenderness (AASHTO LRFD 5.7.4.3)

λ
k lu 
0.3 h

43.29

Check1 if λ 22 "Consider Slenderness" "Neglect Slenderness"( )

Check1 "Consider Slenderness"

 Determine EI (AASHTO LRFD 5.7.4.3)

MTOT 1.25MDC 1.40MWS 46 ft·kip

MPERM 1.25MDC 34 ft·kip

βd
MPERM
MTOT

0.739

EI
0.4Ec Ig

1 βd
2.752 106

 kip in2


 Determine Euler Buckling Load (AASHTO LRFD 4.5.3.2.2b)

Pe
π

2 EI

k lu 2
822 kip

 Determine Moment Magnification Factors (AASHTO LRFD 4.5.3.2.2b)

Pu 1.25PDC 1.40PWS 39 kip

δb
Cm

1
Pu

ϕK Pe


1.07

δs δb 1.07
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 Project
FIU Pedestrian Bridge

 Project Number
2262.03

 Description
14"x14" Canopy Post Design (Top of Column)

Moment Magnification Factor per AASHTO LRFD 4.5.3.2.2b: δ 1.07 1.07

Member Joint Fx (k) My (k-ft) Mz (k-ft) Fx (k) My (k-ft) Mz (k-ft)
207 206 2.7 2.1 1.3 2.7 2.2 1.4
208 207 2.7 2.1 -1.4 2.7 2.2 -1.5

Member Joint Fx (k) My (k-ft) Mz (k-ft) Fx (k) My (k-ft) Mz (k-ft)
207 206 27.8 10.0 26.9 27.8 10.7 28.8
208 207 27.7 10.2 -27.0 27.7 10.9 -28.9

Member Joint Fx (k) My (k-ft) Mz (k-ft) Fx (k) My (k-ft) Mz (k-ft)
207 206 2.9 -1.1 8.5 2.9 -1.2 9.1
208 207 -2.9 0.7 6.1 -2.9 0.7 6.5

Member Joint Fx (k) My (k-ft) Mz (k-ft) Fx (k) My (k-ft) Mz (k-ft)
207 206 2.2 -1.1 6.2 2.2 -1.2 6.6
208 207 -2.2 0.3 4.1 -2.2 0.3 4.4

Member Joint Fx (k) My (k-ft) Mz (k-ft) Fx (k) My (k-ft) Mz (k-ft)
207 206 2.1 -1.0 6.1 2.1 -1.1 6.5
208 207 -2.2 0.3 4.0 -2.2 0.3 4.3

Member Joint Fx (k) My (k-ft) Mz (k-ft) Fx (k) My (k-ft) Mz (k-ft)
207 206 -1.9 1.1 -4.7 -1.9 1.2 -5.0
208 207 1.9 -1.3 -6.9 1.9 -1.4 -7.4

Member Joint Fx (k) My (k-ft) Mz (k-ft) Fx (k) My (k-ft) Mz (k-ft)
207 206 -1.6 0.6 -3.6 -1.6 0.6 -3.9
208 207 1.6 -1.3 -5.4 1.6 -1.4 -5.8

WS_0 DEG_SRVI

WS_0 DEG

 Date
08/20/16

 Designed
ENH

 Checked

Canopy LL

DC (Total)

Canopy LL

DC (Total)

WS_0 DEG_STRV

WS_0 DEG_WEST

WS_0 DEG_WEST_SRVI

WS_0 DEG_STRV

WS_0 DEG_SRVI

WS_0 DEG

WS_0 DEG_WEST_SRVI

WS_0 DEG_WEST
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 Project
FIU Pedestrian Bridge

 Project Number
2262.03

 Description
14"x14" Canopy Post Design (Top of Column)

Moment Magnification Factor per AASHTO LRFD 4.5.3.2.2b: δ 1.07 1.07

 Date
08/20/16

 Designed
ENH

 Checked

Member Joint Fx (k) My (k-ft) Mz (k-ft) Fx (k) My (k-ft) Mz (k-ft)
207 206 -1.6 0.6 -3.5 -1.6 0.6 -3.7
208 207 1.6 -1.3 -5.3 1.6 -1.4 -5.7

Member Joint Fx (k) My (k-ft) Mz (k-ft) Fx (k) My (k-ft) Mz (k-ft)
207 206 -7.6 -5.7 -7.5 -7.6 -6.1 -8.0
208 207 -3.7 -8.1 -4.0 -3.7 -8.7 -4.3

Member Joint Fx (k) My (k-ft) Mz (k-ft) Fx (k) My (k-ft) Mz (k-ft)
207 206 -2.7 -7.5 5.7 -2.7 -8.0 6.1
208 207 -8.6 -5.9 9.0 -8.6 -6.3 9.6

Member Joint Fx (k) My (k-ft) Mz (k-ft) Fx (k) My (k-ft) Mz (k-ft)
207 206 -0.4 -0.6 -0.6 -0.4 -0.6 -0.6
208 207 -0.4 -0.8 0.8 -0.4 -0.9 0.9

Member Joint Fx (k) My (k-ft) Mz (k-ft) Fx (k) My (k-ft) Mz (k-ft)
207 206 -0.4 1.3 -1.4 -0.4 1.4 -1.5
208 207 -0.4 0.9 1.7 -0.4 1.0 1.8

Member Joint Fx (k) My (k-ft) Mz (k-ft) Fx (k) My (k-ft) Mz (k-ft)
207 206 -0.4 1.2 -1.4 -0.4 1.3 -1.5
208 207 -0.4 0.9 1.6 -0.4 1.0 1.7

WS_90 DEG_STRV

WS_90 DEG_SRVI

WS_90 DEG

WS_0 DEG+WUP

WS_0 DEG_WEST+WUP

WS_90 DEG_STRV

WS_0 DEG_WEST_STRV

WS_0 DEG_WEST+WUP

WS_0 DEG+WUP

WS_90 DEG

WS_90 DEG_SRVI

WS_0 DEG_WEST_STRV
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PT Column: AASHTO LRFD Column Analysis
Figg Bridge Engineers, Inc.
Utilized Cross Sections

File Name: Canopy Support Post_Top.ptc

Page 1 of 1
9/28/2016

 1:12:06 PM

Section ID: Cross Section 1

Material Properties

f'c (ksi)= 5.5 Strain @ Ult.= 0.003

f''c (ksi)= 4.96 Strain @ Max.= 0.0024

fy (ksi)= 60 E Conc. (ksi)= 3846

fr (ksi)= 0.563 E Rebar (ksi)= 29000

Tendon fpu (ksi)= 270 E Tendon (ksi)= 28500

PT Bar fpu (ksi)= 150 E PT Bar (ksi)= 30000

Gamma = 0.15

Section Properties

Ix (in
4
)= 3201 Iy (in

4
)= 3201

Y top (in)= 7 X lft (in)= 7

Y bot (in)= 7 X rgt (in)= 7

Area (in
2
)= 196 Ixy (in

4
)= 0

Cross Section Coordinates

** Exterior Boundary Coordinates **

Point No. X  (in) Y  (in) Point No. X  (in) Y  (in)

1 -7 7 2 7 7

3 7 -7 4 -7 -7

Rebar Information

Bar No. X  (in) Y  (in) Dia. (in) Area (in
2
)

1 -3.86 -3.5 1.27 1.27

2 -2.59 3.86 1.27 1.27

3 3.86 -3.5 1.27 1.27

4 2.59 3.86 1.27 1.27
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PT Column: AASHTO LRFD Column Analysis
Figg Bridge Engineers, Inc.

Control Case Minimum Capacity Results
File Name: Canopy Support Post_Top.ptc

Page 1 of 1
9/28/2016

 1:12:09 PM

Service Limit State Strain Criteria

Steel Tensile Strain Limit = 0.000828

Concrete Compressive Strain Limit = 0.003

Section, Member & Joint
SRV 3 

Results
Combo ID P    (kips) Mx (ft*kip) My (ft*kip)

M 
(ft*kip)

Mn 
(ft*kip)

Mn/M

Max P SRV 3/ 1 30.0 12.5 29.9 32.4 47.6 1.469

Section ID Max Mx SRV 3/ 1 30.0 12.5 29.9 32.4 47.6 1.469

Cross Section 1 Max My SRV 3/ 1 30.0 12.5 29.9 32.4 47.6 1.469

Member Max M SRV 3/ 1 30.0 12.5 29.9 32.4 47.6 1.469

207 Min P SRV 3/ 1 30.0 12.5 29.9 32.4 47.6 1.469

Joint Min Mx SRV 3/ 1 30.0 12.5 29.9 32.4 47.6 1.469

208 Min My SRV 3/ 1 30.0 12.5 29.9 32.4 47.6 1.469
Min M SRV 3/ 1 30.0 12.5 29.9 32.4 47.6 1.469

Max P SRV 3/ 1 29.9 12.7 -30.1 32.7 47.6 1.457

Section ID Max Mx SRV 3/ 1 29.9 12.7 -30.1 32.7 47.6 1.457

Cross Section 1 Max My SRV 3/ 1 29.9 12.7 -30.1 32.7 47.6 1.457

Member Max M SRV 3/ 1 29.9 12.7 -30.1 32.7 47.6 1.457

208 Min P SRV 3/ 1 29.9 12.7 -30.1 32.7 47.6 1.457

Joint Min Mx SRV 3/ 1 29.9 12.7 -30.1 32.7 47.6 1.457

209 Min My SRV 3/ 1 29.9 12.7 -30.1 32.7 47.6 1.457
Min M SRV 3/ 1 29.9 12.7 -30.1 32.7 47.6 1.457

MIN C/D = 1.457

CHECK OK

14"x14" Canopy Support Post - South Plaza - Top of Column - Service III
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PT Column: AASHTO LRFD Column Analysis
Figg Bridge Engineers, Inc.

Control Case Minimum Capacity Results
File Name: Canopy Support Post_Top.ptc

Page 1 of 1
9/28/2016

 1:11:22 PM

Section, Member & Joint
STR 1 

Results
Combo ID

Pu    
(kips)

Mux 
(ft*kip)

Muy 
(ft*kip)

Mu 
(ft*kip)

φMn 
(ft*kip)

φMn/Mu

Max P STR 1/ 1 39.5 17.2 38.5 42.1 97.8 2.322

Section ID Max Mx STR 1/ 1 39.5 17.2 38.5 42.1 97.8 2.322

Cross Section 1 Max My STR 1/ 1 39.5 17.2 38.5 42.1 97.8 2.322

Member Max M STR 1/ 1 39.5 17.2 38.5 42.1 97.8 2.322

207 Min P STR 1/ 2 29.7 13.5 28.4 31.4 95.8 3.050

Joint Min Mx STR 1/ 2 29.7 13.5 28.4 31.4 95.8 3.050

208 Min My STR 1/ 2 29.7 13.5 28.4 31.4 95.8 3.050
Min M STR 1/ 2 29.7 13.5 28.4 31.4 95.8 3.050

Max P STR 1/ 1 39.4 17.5 -38.8 42.5 97.7 2.299

Section ID Max Mx STR 1/ 1 39.4 17.5 -38.8 42.5 97.7 2.299

Cross Section 1 Max My STR 1/ 2 29.7 13.7 -28.6 31.7 95.8 3.018

Member Max M STR 1/ 1 39.4 17.5 -38.8 42.5 97.7 2.299

208 Min P STR 1/ 2 29.7 13.7 -28.6 31.7 95.8 3.018

Joint Min Mx STR 1/ 2 29.7 13.7 -28.6 31.7 95.8 3.018

209 Min My STR 1/ 1 39.4 17.5 -38.8 42.5 97.7 2.299
Min M STR 1/ 2 29.7 13.7 -28.6 31.7 95.8 3.018

MIN C/D = 2.299

CHECK OK

14"x14" Canopy Support Post - South Plaza - Top of Column - Strength I
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PT Column: AASHTO LRFD Column Analysis
Figg Bridge Engineers, Inc.

Control Case Minimum Capacity Results
File Name: Canopy Support Post_Top.ptc

Page 1 of 1
9/28/2016

 1:11:38 PM

Section, Member & Joint
STR 3 

Results
Combo ID

Pu    
(kips)

Mux 
(ft*kip)

Muy 
(ft*kip)

Mu 
(ft*kip)

φMn 
(ft*kip)

φMn/Mu

Max P STR 3/ 1 38.8 11.7 48.7 50.1 104.6 2.086

Section ID Max Mx STR 3/ 2 32.1 15.1 29.0 32.7 95.2 2.914

Cross Section 1 Max My STR 3/ 1 38.8 11.7 48.7 50.1 104.6 2.086

Member Max M STR 3/ 1 38.8 11.7 48.7 50.1 104.6 2.086

207 Min P STR 3/ 10 14.4 1.1 14.7 14.8 107.3 7.270

Joint Min Mx STR 3/ 9 21.2 -1.6 34.5 34.5 112.3 3.256

208 Min My STR 3/ 10 14.4 1.1 14.7 14.8 107.3 7.270
Min M STR 3/ 10 14.4 1.1 14.7 14.8 107.3 7.270

Max P STR 3/ 2 37.3 11.7 -46.5 47.9 104.0 2.169

Section ID Max Mx STR 3/ 1 30.6 14.6 -27.0 30.7 94.6 3.080

Cross Section 1 Max My STR 3/ 9 12.9 1.0 -12.6 12.6 106.8 8.470

Member Max M STR 3/ 2 37.3 11.7 -46.5 47.9 104.0 2.169

208 Min P STR 3/ 9 12.9 1.0 -12.6 12.6 106.8 8.470

Joint Min Mx STR 3/ 10 19.8 -2.4 -32.0 32.1 111.5 3.472

209 Min My STR 3/ 2 37.3 11.7 -46.5 47.9 104.0 2.169
Min M STR 3/ 9 12.9 1.0 -12.6 12.6 106.8 8.470

MIN C/D = 2.086

CHECK OK

14"x14" Canopy Support Post - South Plaza - Top of Column - Strength III
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PT Column: AASHTO LRFD Column Analysis
Figg Bridge Engineers, Inc.

Control Case Minimum Capacity Results
File Name: Canopy Support Post_Top.ptc

Page 1 of 1
9/28/2016

 1:11:48 PM

Section, Member & Joint
STR 5 

Results
Combo ID

Pu    
(kips)

Mux 
(ft*kip)

Muy 
(ft*kip)

Mu 
(ft*kip)

φMn 
(ft*kip)

φMn/Mu

Max P STR 5/ 1 39.2 15.9 40.5 43.5 99.3 2.283

Section ID Max Mx STR 5/ 3 38.2 16.9 37.3 40.9 97.5 2.383

Cross Section 1 Max My STR 5/ 1 39.2 15.9 40.5 43.5 99.3 2.283

Member Max M STR 5/ 1 39.2 15.9 40.5 43.5 99.3 2.283

207 Min P STR 5/ 5 28.0 12.8 26.3 29.3 95.3 3.252

Joint Min Mx STR 5/ 4 29.5 12.2 30.4 32.8 97.7 2.984

208 Min My STR 5/ 5 28.0 12.8 26.3 29.3 95.3 3.252
Min M STR 5/ 5 28.0 12.8 26.3 29.3 95.3 3.252

Max P STR 5/ 2 38.9 16.0 -40.4 43.5 99.1 2.280

Section ID Max Mx STR 5/ 3 38.1 17.0 -37.5 41.1 97.5 2.369

Cross Section 1 Max My STR 5/ 4 27.7 12.9 -26.3 29.3 95.2 3.247

Member Max M STR 5/ 2 38.9 16.0 -40.4 43.5 99.1 2.280

208 Min P STR 5/ 4 27.7 12.9 -26.3 29.3 95.2 3.247

Joint Min Mx STR 5/ 5 29.2 12.2 -30.3 32.7 97.6 2.986

209 Min My STR 5/ 2 38.9 16.0 -40.4 43.5 99.1 2.280
Min M STR 5/ 4 27.7 12.9 -26.3 29.3 95.2 3.247

MIN C/D = 2.280

CHECK OK

14"x14" Canopy Support Post - South Plaza - Top of Column - Strength V
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Creating Bridges As Art® 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Section V 
 

Elastomeric Bearings 
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Creating Bridges As Art® 

 

 
Design Summary 
 
Project:   FIU Pedestrian Bridge 
 
Project No. :   2262.03 
 
Design Task:  Elastomeric Bearing Design Summary 
 
Designer:  Erika N. Hango, P.E. 
 
Design Summary: 
 
This section contains the calculations performed for the 90% design of the 
steel-reinforced elastomeric bearings.  The calculations were prepared in 
accordance with the project design criteria, AASHTO LRFD Bridge Design 
Specifications 7th Edition with 2015 Interim Revisions, FDOT Structures Design 
Guidelines (January 2015), and AASHTO LRFD Guide Specifications for the 
Design of Pedestrian Bridges 2nd Edition (2009).  The intent of this design was 
to determine the required bearing pad dimensions and the steel reinforcement 
requirements. 
 
The bridge was modeled using LARSA 4D (V7.08.05).  Bearing reactions, 
deformations, and rotations were extracted from the model.  Load combinations 
were calculated by hand to determine the governing factored loads for design.  
The Service I limit state was investigated. 
 
The average compressive stress was limited to 1.20 ksi per FIGG Design 
Directive No. 24.  Bearing design was performed in accordance with AASHTO 
LRFD Method B.  The bearing height and number of elastomer layers was 
determined in accordance with AASHTO LRFD 14.7.5.1.  Shear deformation was 
checked per AASHTO LRFD 14.7.5.3.2.  Combined compression, rotation, and 
shear were checked per AASHTO LRFD 14.7.5.3.3.  Stability was checked per 
AASHTO LRFD 14.7.5.3.4.  The steel reinforcement thickness was determined in 
accordance with AASHTO LRFD 14.7.5.3.5.  Compressive deflection was 
checked per AASHTO LRFD 14.7.5.3.6.  Anchorage of bearings without bonded 
external plates was checked per AASHTO LRFD 14.7.5.4.  In addition, bearing 
stress on concrete was checked at the Strength I limit state per AASHTO LRFD 
5.7.5. 
 

Summary Table 1 
Bearing Pad Dimensions 16” x 40” 

Number and Thickness of Internal Elastomer Layers 4 @ 5/8” 
Number and Thickness of External Elastomer Layers 2 @ 3/8” 

Number and Thickness of Internal Steel Layers 5 @ 1/8” 
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 Project

Figg Bridge Engineers, Inc. FIU - Pedestrian Bridge
 Designed  Project No.  Sheet

EDL  of
 Checked  Date

MF
Tallahassee      Denver     Philadelphia     Dallas

LOADS @ BEARINGS
PIER 1 (SOUTH END)

Bearing FX (kips) FY (kips) FZ (kips)
Left -10 1 -456
Right -10 1 -456
Left 6 0 11 20 0 50
Right 6 0 11 20 0 50
Left 2 0 -4
Right 2 0 -4
Left 12 0 43
Right 12 0 43
Left -10 1 -456
Right -10 1 -456
Left 9 0 14 29 0 5
Right 9 0 14 29 0 5
Left 9 0 -55
Right 9 0 -55
Left 11 0 46
Right 11 0 46
Left 0 0 -21
Right 0 0 -21
Left -1 0 -76
Right -1 0 -76
Left -2 0 -86
Right -2 0 -86
Left 0 0 10
Right 0 0 10
Left 0 0 -9
Right 0 0 -9
Left 0 0 -10
Right 0 0 -10
Left 0 0 1
Right 0 0 1
Left -1 0 -114
Right -1 0 38
Left -1 0 -120
Right -1 0 34
Left 0 0 6
Right 0 0 3
Left 0 19 -79
Right 0 19 79
Left 1 18 -70
Right 0 18 76
Left 2 16 -61
Right 1 16 72
Left 2 12 -43
Right 2 12 59

Creating

Bridges

as Art

2262.03

03-Oct-16

DW

LL DECK_FULL

CR+SH+PT (D10K)

CR+SH+PT (EOC)
DC_EOC

DC_D10K

CR_EOC

SH_EOC

PT_EOC

CR_D10K

WS 30 DEG

WS 45 DEG

WS O DEG

WS 15 DEG

LL OFFSET_FULL

LL OFFSET_MAIN

LL OFFSET_BACK

LL DECK_MAIN

LL DECK_BACK

LL ROOF_FULL

LL ROOF_MAIN

LL ROOF_BACK

SH_D10K

PT_D10K

Loads at Bearings_Landings_Rev_1' Chamfer at Pylon.xlsx Page 327 of 397



 Project

Figg Bridge Engineers, Inc. FIU - Pedestrian Bridge
 Designed  Project No.  Sheet

EDL  of
 Checked  Date

MF
Tallahassee      Denver     Philadelphia     Dallas

LOADS @ BEARINGS
PIER 1 (SOUTH END)

Bearing FX (kips) FY (kips) FZ (kips)

Creating

Bridges

as Art

2262.03

03-Oct-16

Left 3 7 -20
Right 2 7 41
Left 0 18 -76
Right -1 18 70
Left -1 16 -72
Right -2 16 61
Left -2 12 -60
Right -2 12 43
Left -2 7 -41
Right -3 7 20
Left 0 8 -26 1 26 -85 1 27 -87
Right 0 8 26 -1 26 85 -1 27 87
Left 0 7 -23 1 24 -75 1 25 -77
Right 0 7 25 0 24 80 0 25 82
Left 1 7 -21 2 23 -67 2 23 -68
Right 0 7 24 1 23 77 1 23 79
Left 1 5 -14 3 16 -46 3 17 -48
Right 1 5 19 2 16 61 2 17 62
Left 1 3 -7 3 9 -23 3 9 -23
Right 1 3 12 3 9 40 3 9 41
Left 0 7 -25 0 24 -80 0 25 -82
Right 0 7 23 -1 24 75 -1 25 77
Left 0 7 -24 -1 23 -77 -1 23 -79
Right -1 7 20 -2 23 67 -2 23 68
Left -1 5 -19 -2 16 -61 -2 17 -62
Right -1 5 14 -3 16 46 -3 17 48
Left -1 3 -12 -3 9 -40 -3 9 -41
Right -1 3 7 -3 9 23 -3 9 23
Left 1 19 -97
Right 0 19 151
Left -10 0 -35
Right -10 0 -35
Left 10 0 35
Right 10 0 35
Left -11 0 -69
Right -11 0 -69

Notes:
1. Loads are unfactored.

4.  (-) for axial bearing load denotes compression.

2. LL Offset load case considers pedestrian live load 

WS 60 DEG

WS -45 DEG_70 MPH

WS -60 DEG_70 MPH

WS 15 DEG_70 MPH

WS 30 DEG_70 MPH

WS 45 DEG_70 MPH

WS 60 DEG_70 MPH

WS -15 DEG_70 MPH

TU-

3. The 70 mph wind load cases apply to Service I and 

Service I (x 3.33)Strength V (x 3.25)

WS -30 DEG_70 MPH

WS -15 DEG

WS -30 DEG

WS O DEG_70 MPH

WS -45 DEG

WS -60 DEG

TU + TEMP. DIFF.

WS+WUP

TU+

Loads at Bearings_Landings_Rev_1' Chamfer at Pylon.xlsx Page 328 of 397
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DISPLACEMENTS AND ROTATIONS @ BEARINGS
PIER 1 (SOUTH END)

Bearing
Translation X 

(in)
Translation Y 

(in)
Translation Z 

(in)
Rotation X 

(rad)
Rotation Y 

(rad)
Rotation Z 

(rad)
Left -0.4671 0.0407 -0.2095 0.0000 0.0036 0.0000
Right -0.4692 0.0407 -0.2084 0.0000 0.0036 0.0000
Left 0.3163 -0.0014 0.0001 0.0000 0.0022 0.0000
Right 0.3164 -0.0014 0.0001 0.0000 0.0022 0.0000
Left 0.0959 0.0003 -0.0022 0.0000 0.0001 0.0000
Right 0.0958 0.0003 -0.0022 0.0000 0.0001 0.0000
Left 0.5685 -0.0046 0.0152 0.0000 -0.0003 0.0000
Right 0.5687 -0.0046 0.0152 0.0000 -0.0003 0.0000
Left -0.4671 0.0407 -0.2095 0.0000 0.0036 0.0000
Right -0.4692 0.0407 -0.2084 0.0000 0.0036 0.0000
Left 0.4414 -0.0020 0.0000 0.0000 0.0031 0.0000
Right 0.4416 -0.0020 0.0000 0.0000 0.0031 0.0000
Left 0.3942 0.0048 -0.0257 0.0000 0.0004 0.0000
Right 0.3939 0.0048 -0.0255 0.0000 0.0004 0.0000
Left 0.5434 -0.0048 0.0165 0.0000 -0.0003 0.0000
Right 0.5437 -0.0048 0.0165 0.0000 -0.0003 0.0000
Left -0.0149 0.0013 -0.0089 0.0000 0.0002 0.0000
Right -0.0150 0.0013 -0.0088 0.0000 0.0002 0.0000
Left -0.0545 0.0047 -0.0325 0.0000 0.0007 0.0000
Right -0.0548 0.0047 -0.0323 0.0000 0.0007 0.0000
Left -0.0760 0.0038 -0.0367 0.0000 0.0008 0.0000
Right -0.0762 0.0038 -0.0365 0.0000 0.0008 0.0000
Left 0.0214 0.0010 0.0042 0.0000 -0.0001 0.0000
Right 0.0214 0.0010 0.0042 0.0000 -0.0001 0.0000
Left -0.0078 0.0005 -0.0039 0.0000 0.0001 0.0000
Right -0.0079 0.0005 -0.0039 0.0000 0.0001 0.0000
Left -0.0094 0.0004 -0.0043 0.0000 0.0001 0.0000
Right -0.0094 0.0004 -0.0043 0.0000 0.0001 0.0000
Left 0.0016 0.0001 0.0004 0.0000 0.0000 0.0000
Right 0.0015 0.0001 0.0004 0.0000 0.0000 0.0000
Left -0.0275 0.0056 -0.0252 -0.0001 0.0004 0.0000
Right -0.0271 0.0056 -0.0074 -0.0001 0.0004 0.0000
Left -0.0379 0.0030 -0.0275 -0.0002 0.0004 0.0000
Right -0.0381 0.0030 -0.0093 -0.0002 0.0004 0.0000
Left 0.0104 0.0026 0.0023 0.0000 0.0000 0.0000
Right 0.0110 0.0026 0.0019 0.0000 0.0000 0.0000
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right

LL ROOF_FULL

LL ROOF_MAIN

LL ROOF_BACK

LL OFFSET_FULL

LL OFFSET_MAIN

LL OFFSET_BACK

WS O DEG

WS 15 DEG

WS 30 DEG

WS 45 DEG

WS 60 DEG

LL DECK_BACK

DC_EOC

CR_EOC

SH_EOC

PT_EOC

DC_D10K

CR_D10K

SH_D10K

PT_D10K

DW

LL DECK_FULL

LL DECK_MAIN
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DISPLACEMENTS AND ROTATIONS @ BEARINGS
PIER 1 (SOUTH END)

Bearing
Translation X 

(in)
Translation Y 

(in)
Translation Z 

(in)
Rotation X 

(rad)
Rotation Y 

(rad)
Rotation Z 

(rad)
Left
Right
Left
Right
Left
Right
Left
Right
Left 0.0078 0.3441 -0.0034 0.0000 0.0000 -0.0001
Right -0.0077 0.3441 0.0021 0.0000 0.0000 -0.0001
Left 0.0182 0.3173 -0.0029 0.0000 0.0000 -0.0001
Right 0.0039 0.3173 0.0021 0.0000 0.0000 -0.0001
Left 0.0315 0.2972 -0.0024 0.0000 0.0000 -0.0001
Right 0.0180 0.2972 0.0022 0.0000 0.0000 -0.0001
Left 0.0410 0.2158 -0.0014 0.0000 0.0000 -0.0001
Right 0.0313 0.2158 0.0020 0.0000 0.0000 -0.0001
Left 0.0461 0.1163 -0.0004 0.0000 0.0000 0.0000
Right 0.0411 0.1163 0.0017 0.0000 0.0000 0.0000
Left -0.0038 0.3173 -0.0033 0.0000 0.0000 -0.0001
Right -0.0181 0.3173 0.0016 0.0000 0.0000 -0.0001
Left -0.0180 0.2972 -0.0034 0.0000 0.0000 -0.0001
Right -0.0314 0.2972 0.0012 0.0000 0.0000 -0.0001
Left -0.0313 0.2159 -0.0029 0.0000 0.0000 -0.0001
Right -0.0410 0.2159 0.0005 0.0000 0.0000 -0.0001
Left -0.0410 0.1164 -0.0021 0.0000 0.0000 0.0000
Right -0.0461 0.1164 -0.0001 0.0000 0.0000 0.0000
Left
Right
Left -0.4530 0.0031 -0.0129 0.0000 0.0002 0.0000
Right -0.4532 0.0031 -0.0129 0.0000 0.0002 0.0000
Left 0.4530 -0.0031 0.0129 0.0000 -0.0002 0.0000
Right 0.4532 -0.0031 0.0129 0.0000 -0.0002 0.0000
Left -0.4725 0.0060 -0.0273 0.0000 0.0004 0.0000
Right -0.4728 0.0060 -0.0272 0.0000 0.0004 0.0000

Notes:
1. Values are unfactored.
2. LL Offset load case considers pedestrian live load 
only on one side of the bridge deck.
3. The 70 mph wind load cases apply to Service I 
and Strength V limit states per SDG.

WS+WUP

TU+

TU-

TU + TEMP. DIFF.

WS -60 DEG_70 MPH

WS -30 DEG

WS -45 DEG

WS -60 DEG

WS O DEG_70 MPH

WS 15 DEG_70 MPH

WS 30 DEG_70 MPH

WS 45 DEG_70 MPH

WS 60 DEG_70 MPH

WS -15 DEG_70 MPH

WS -30 DEG_70 MPH

WS -45 DEG_70 MPH

WS -15 DEG
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DISPLACEMENTS AND ROTATIONS @ BEARINGS
PIER 1 (SOUTH END)

Load Case Bearing
Translation X 

(in)
Left 0.3984
Right 0.3982
Left 0.9061
Right 0.9065
Left 0.9874
Right 0.9874

Load Case Bearing
Translation X 

(in)
Rotation Y 

(rad)
Left 0.3984 0.0011
Right 0.3982 0.0011
Left -0.4820 0.0038
Right -0.4841 0.0038
Left -0.0835 0.0050
Right -0.0859 0.0050

Load Case Bearing
Translation X 

(in)
Rotation Y 

(rad)
Left -0.6118 0.0010
Right -0.6278 0.0010
Left 0.4755 0.0006
Right 0.4599 0.0006
Left -0.6351 0.0013
Right -0.6513 0.0013
Left -0.6014 0.0010
Right -0.6162 0.0010
Left 0.4859 0.0006
Right 0.4716 0.0006
Left -0.6247 0.0013
Right -0.6397 0.0013
Left -0.5881 0.0010
Right -0.6020 0.0010
Left 0.4992 0.0005
Right 0.4857 0.0005
Left -0.6114 0.0013
Right -0.6255 0.0013
Left -0.5786 0.0010
Right -0.5887 0.0010
Left 0.5087 0.0005
Right 0.4990 0.0005
Left -0.6019 0.0013
Right -0.6122 0.0013
Left -0.5735 0.0010
Right -0.5790 0.0010

LL Deck Main, WS 0 
deg, -TU

LL Deck Main, WS 0 
deg, TU+Temp Diff

LL Deck Main, WS 15 
deg, +TU

Δs,st & θs,st

LL Deck Main, WS 0 
deg, +TU

Service I (Static)

ΔCR,SH,PT                    

(LT - EOC)

ΔT (Fall - Rise)

Δs  

Δs = 0.65ΔT + ΔCR,SH,PT

ΔDC + ΔDW  

Service I (Cyclic) = LL + WS + 1.20 x TU

ΔCR,SH,PT                    

(LT - EOC)

LL Deck Main, WS 15 
deg, -TU

LL Deck Main, WS 15 
deg, TU+Temp Diff

LL Deck Main, WS 30 
deg, -TU

LL Deck Main, WS 30 
deg, TU+Temp Diff

LL Deck Main, WS 45 
deg, +TU

LL Deck Main, WS 45 
deg, -TU

LL Deck Main, WS 45 
deg, TU+Temp Diff

LL Deck Main, WS 60 
deg, +TU

LL Deck Main, WS 30 
deg, +TU
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DISPLACEMENTS AND ROTATIONS @ BEARINGS
PIER 1 (SOUTH END)

Left 0.5138 0.0005
Right 0.5087 0.0005
Left -0.5968 0.0013
Right -0.6025 0.0013
Left -0.6234 0.0010
Right -0.6382 0.0010
Left 0.4639 0.0006
Right 0.4496 0.0006
Left -0.6467 0.0013
Right -0.6617 0.0013
Left -0.6376 0.0010
Right -0.6515 0.0010
Left 0.4497 0.0006
Right 0.4362 0.0006
Left -0.6609 0.0013
Right -0.6750 0.0013
Left -0.6509 0.0010
Right -0.6610 0.0010
Left 0.4364 0.0006
Right 0.4267 0.0006
Left -0.6742 0.0013
Right -0.6845 0.0013
Left -0.6606 0.0011
Right -0.6661 0.0011
Left 0.4267 0.0006
Right 0.4216 0.0006
Left -0.6839 0.0013
Right -0.6896 0.0013

LL Deck Main, WS -
30 deg, +TU

LL Deck Main, WS 60 
deg, -TU

LL Deck Main, WS 60 
deg, TU+Temp Diff
LL Deck Main, WS -

15 deg, +TU
LL Deck Main, WS -

15 deg, -TU
LL Deck Main, WS -
15 deg, TU+Temp 

LL Deck Main, WS -
60 deg, -TU

LL Deck Main, WS -
60 deg, TU+Temp 

LL Deck Main, WS -
30 deg, -TU

LL Deck Main, WS -
30 deg, TU+Temp 

LL Deck Main, WS -
45 deg, +TU

LL Deck Main, WS -
45 deg, -TU

LL Deck Main, WS -
45 deg, TU+Temp 

LL Deck Main, WS -
60 deg, +TU
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References: Project Design Criteria
AASHTO LRFD Bridge Design Specifications, 7th Edition, 2014
FDOT SDG, January 2015

AASHTO LRFD 14.7.5 Method B - Design Procedure for Steel-Reinforced Elastomeric Bearings

Pier No. P1

STEP 1: Enter Bearing Loads
D10K

Pst = 472 kips

Pcy = 215 kips

Ps = Pst + Pcy = 687 kips Maximum service compressive load due to total load

PLL = 120 kips

PDL = 477 kips

STEP 2: Enter Bearing Deflections

s  = 0.99 in.

s,st  = 0.09 in. Maximum total static shear deformation at the service limit state = DC + DW + CR + SH + PT
s,cy  = 0.69 in. Maximum total cyclic shear deformation at the service limit state = LL + WS + 1.20 x TU
s,st = 0.01000 rad

s,cy = 0.00630 rad

STEP 3: Specify Bearing Plan Dimensions

L = Length of 
bearing parallel 
to long. axis of 

bridge

W = Width of bearing 
parallel to trans. axis 

of bridge

Try 16 in. x      40 in. Bearing Pad Dimensions
dhole =  0.00 in. Diameter of Hole in Bearing

A = (L x W) - /4 x dhole
2 = 640 sq. in. Bearing Area

STEP 4: Specify Bearing Type & Properties

Shape  : RECTANGULAR
Durometer  = 50 (from Project Design Criteria)

Gmin  = 0.080 ksi Minimum Shear Modulus (LRFD 14.7.5.2)
Gmax = 0.175 ksi Maximum Shear Modulus (LRFD 14.7.5.2)

G = 0.110 ksi Specified Shear Modulus (SDG 6.5.1.A) OKAY

STEP 5: Design for Compressive Stress - Service Limit State (FIGG Design Directive No. 24)

Limit average compressive stress to 1.200 ksi
s = PS / A = 1.074 ksi Service compressive stress due to total load  < 1.200ksi OKAY

NOTE:  Bearings designed for stresses above 1.0 ksi are subject to additional testing requirements.

STEP 6: Determine Bearing Height & Number of Elastomer Layers (LRFD 14.7.5.1)

Use:  hri_int = 0.625 in Thickness of interior elastomer layer (typical)
Maximum hri_ext  = 0.70 x hri_int = 0.438 in. Maximum allowable thickness of exterior layers

Use  hri_ext  = 0.375 in.  < 0.438 in. OKAY

Minimum Nint = (hrt - 2 x hri_ext) / hri_int = 4 Number of interior layers required
Nint = 4 Number of interior layers used OKAY

6-Feb-17

ENH

FIU Pedestrian Bridge

2262.03

Bearing Design

Maximum total shear deformation of the bearing at the service limit state = 0.65 x temp range + CR + 
SH + PT (modified for substructure stiffness & construction procedures by use of LARSA).  (LRFD 
14.7.5.3.2)  1.20 load factor not applied per SDG 6.5.1.A.

Of  

Service load corresponding to maximum total compressive load due to static loads = DC + DW + CR + 
SH + PT

Service load corresponding to maximum total compressive load due to cyclic loads = LL + WS + TU 
(includes multiple presence factor and dynamic load allowance)

Maximum static service limit state design rotation angle = DC + DW + CR + SH + PT + 0.005 rad 
allowance for uncertainties
Maximum cyclic service limit state design rotation angle = LL + WS + 1.20 x TU + 0.005 rad allowance 
for uncertainties

Service load corresponding to maximum total compressive load due to live load (includes multiple 
presence factor and dynamic load allowance)

Service load corresponding to maximum total compressive load due to dead load = DC + DW
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STEP 7: Check Shear Deformation - Service Limit State (LRFD 14.7.5.3.2)

Minimum hrt = 2 x s = 1.97 in. Minimum total elastomer thickness
hrt = 2 x hri_ext + Nint x hri_int = 3.25 in. Provided total elastomer thickness  > 1.975 in. OKAY

STEP 8: Calculate Shape Factor (LRFD Eq. 14.7.5.1-1)

Sint = A / [hri_int x (2 x L + 2 x W+ π x dhole)] = 9.14 Shape Factor of Interior Layer (LRFD Eq. C14.7.5.1-1)
Sext = A / [hri_ext x (2 x L + 2 x W+ π x dhole)] = 15.24 Shape Factor of Exterior Layer (LRFD Eq. C14.7.5.1-1)

Si = 9.14 Conservatively, use the minimum shape factor.

STEP 9: Check Combined Compression, Rotation, and Shear - Service Limit State (LRFD 14.7.5.3.3)

Da = 1.40 For rectangular bearings (LRFD Eq. 14.7.5.3.3-4)
σs,st = Pst / A =  0.738 ksi Average compressive stress due to total static load

γa,st = Da x σs,st / (Gmin x Si) = 1.41 Shear strain caused by axial load (static)  < 3.00 OKAY

Dr = 0.50 For rectangular bearings (LRFD Eq. 14.7.5.3.3-7)

γr,st = Dr x (L / hri_int)
2 x (θs,st / Nint) = 0.82 Shear strain caused by rotation (static)

γs,st = Δs,st / hrt = 0.03 Shear strain caused by shear deformation (static)

σs,cy = Pcy / A =  0.336 ksi Average compressive stress due to cyclic load

γa,cy = Da x σs,cy / (Gmin x Si) = 0.64 Shear strain caused by axial load (cyclic)

γr,cy = Dr x (L / hri_int)
2 x (θs,cy / Nint) = 0.52 Shear strain caused by rotation (cyclic)

γs,cy = Δs,cy / hrt = 0.21 Shear strain caused by shear deformation (cyclic)

(γa,st + γr,st + γs,st) + 1.75 x (γa,cy + γr,cy+γs,cy) = 4.66  < 5.00 OKAY

STEP 10: Check Stability of Elastomeric Bearings - Service Limit State (LRFD 14.7.5.3.4 )
Bearings satisfying LRFD Eq. 14.7.5.3.4-1 shall be considered stable, and no further investigation of stability is required.

A = 1.92 x (hrt / L) / √(1 + 2.0 x L / W) = 0.291

B = 2.67 / [(Si + 2.0) x (1 +L / (4 x W)] = 0.218
2A = 0.581  > B CHECK STRESSES

For rectangular bearings not satisfying LRFD Eq. 14.7.5.3.4-1:
Sway = 0 If bridge is free to translate horizontally, sway = 0.  If bridge is fixed against horizontal translation at any point, sway = 1.

Gmin x Si / (2 x A - B) = 2.012 ksi Bridge free to translate horizontally
Gmin x Si / (A - B) = 10.039 ksi Bridge fixed against horizontal translation

s = PS / A = 1.074 ksi Service compressive stress due to total load  < 2.012 ksi OKAY

STEP 11: Determine Steel Reinforcement Thickness (LRFD 14.7.5.3.5)

Service Limit State:
Fy = 36 ksi Yield strength of steel reinforcement

s = PS / A = 1.074 ksi Service compressive stress due to total load

Minimum hs = MAX(3 x hri_int x s / Fy , 1/16") = 0.0625 in Minimum thickness of steel reinforcement for service limit state

hs = 0.1250 in. Provided thickness of steel reinforcement OKAY

Fatigue Limit State:
FTH = 24 ksi Constant amplitute fatigue threshold for Category A (LRFD Table 6.6.1.2.3-1)

L = PLL / A 0.188 ksi Service compressive stress due to live load

Minimum hs = MAX(2 x hri_int x σL / ΔFTH , 1/16") = 0.0625 in Minimum thickness of steel reinforcement for fatigue limit state

hs = 0.1250 in. Provided thickness of steel reinforcement OKAY

NOTE: When the thickness of an exterior layer is more than 1/2 the thickness of an interior layer, the number of interior layers may be increased by 1/2 for each 
such exterior layer.
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STEP 12: Check Compressive Deflection - Service Limit State (LRFD 14.7.5.3.6)

Instantaneous Live Load Deflection:
all = 0.125 in. Maximum relative live load deflection deflection across joint (LRFD C14.7.5.3.6)

σLi = PLL / A = 0.188 ksi Instantaneous live load compressive stress in an individual elastomer layer

εLi = σLi / (4.8 x Gmin x Si
2) = 0.006 Instantaneous live load compressive strain in i th elastomer layer (LRFD Eq. C14.7.5.3.6-1)

δL = εLi x (2 x hri_ext + Nint x hri_int) =  0.019 in. Instantaneous live load deflection  < 0.125 in. OKAY

Initial Dead Load Deflection :
σdi = PDL / A = 0.745 ksi Instantaneous dead load compressive stress in an individual elastomer layer

εdi = σdi / (4.8 x Gmin x Si
2) = 0.023 Instantaneous dead load compressive strain in i th elastomer layer (LRFD Eq. C14.7.5.3.6-1)

δd = εdi x (2 x hri_ext + Nint x hri_int) =  0.075 in. Initial dead load deflection

Long-Term Dead Load Deflection:
acr = 0.25 Creep deflection divided by initial dead load deflection (LRFD Table 14.7.6.2-1)

δlt = δd +acr x δd = 0.094 in. Long-term dead load deflection

Instantaneous Live Load Deflection + Initial Dead Load Deflection:
all = 0.09 x hri_int = 0.056 in. Allowable compressive deflection under instantaneous live load and initial dead load (LRFD 14.7.6.3.3)

δLi = εLi x hri_int =  0.004 in. Compressive deflection of an internal layer under instantaneous live load
δdi = εdi x hri_int =  0.015 in. Compressive deflection of an internal layer under initial dead load

δLi + δdi = 0.018 in. Compressive deflection under instant. live load and initial dead load  < 0.056 in. OKAY

STEP 13: Check Anchorage for Bearings without Bonded External Plates - Service Limit State (LRFD 14.7.5.4)

θs = θs,st + 1.75 x θs,cy = 0.02103 rad Total static and cyclic design rotation angle (cyclic component is multiplied by 1.75)

Pa = Pst + 1.75 x Pcy = 848 kips Total static and cyclic axial load (cyclic component is multiplied by 1.75)

σa = Pa / A = 1.326 ksi Total static and cyclic average axial stress (cyclic component is multiplied by 1.75)

εa = σa / (4.8 x Gmin x Si
2) = 0.041 Total static and cyclic average axial strain (cyclic component is multiplied by 1.75)

3 x εa / Si = 0.014
θs / Nint = 0.005 RESTRAINT SYSTEM NOT REQUIRED

STEP 14: Check Bearing Stress on Concrete - Strength Limit State ( LRFD 5.7.5)

f'c  = 5.5 ksi Compressive strength of substructure

b = 0.70 Strength reduction factor for bearing on concrete (LRFD 5.5.4.2.1)
A1 = 640 sq. in. Area of bearing

A2 = 640 sq. in. Assume 90° distribution angle unless greater A2 is needed

m = MIN[ √(A2 / A1) , 2] = 1.00

bPn = b x 0.85 x f'c x A1 x m = 2,094 kips (LRFD Eq. 5.7.5-2)
Pu (Strength I) = 841 kips  < 2094 kips OKAY

Summary of Bearing P1

Bearing Pad Dimensions = 16 in. x     40 in.
Use 4 5/8" Internal Layers of Elastomer

2 3/8" External Layers of Elastomer
5 1/8" Internal Layers of Steel

Total Bearing Ht = 3.875 in.

NOTE: When the thickness of an exterior layer is more than 1/2 the thickness of an interior layer, the number of interior layers may be increased by 1/2 for each 
such exterior layer.
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 Project

Figg Bridge Engineers, Inc. FIU - Pedestrian Bridge
 Designed  Project No.  Sheet

EDL  of
 Checked  Date

MF
Tallahassee      Denver     Philadelphia     Dallas

LOADS @ BEARINGS
PIER 3 (NORTH END)

Bearing FX (kips) FY (kips) FZ (kips)
Left 1 0 -333
Right 1 0 -333
Left -4 0 16 -11 0 80
Right -4 0 16 -11 0 80
Left -1 0 -6
Right -1 0 -6
Left -6 0 70
Right -6 0 70
Left 1 0 -333
Right 1 0 -333
Left -6 0 21 -17 0 -1
Right -6 0 21 -17 0 -1
Left -5 0 -98
Right -5 0 -98
Left -5 0 75
Right -5 0 75
Left 0 0 -5
Right 0 0 -5
Left -1 0 -19
Right -1 0 -19
Left -1 0 52
Right -1 0 52
Left 0 0 -71
Right 0 0 -71
Left 0 0 0
Right 0 0 0
Left 0 0 6
Right 0 0 6
Left 0 0 -6
Right 0 0 -6
Left 0 0 -61
Right 0 0 42
Left 0 0 32
Right 0 0 20
Left 0 0 -93
Right 0 0 22
Left 0 1 -48
Right 0 1 48
Left 1 1 -50
Right 0 1 39
Left 1 1 -52
Right 1 1 29
Left 2 1 -48
Right 2 1 15

PT_D10K

CR_EOC

SH_EOC

PT_EOC

CR_D10K

SH_D10K

DC_EOC

DC_D10K

WS 15 DEG

WS 30 DEG

WS 45 DEG

WS O DEG

CR+SH+PT (EOC)

CR+SH+PT (D10K)

LL ROOF_FULL

DW

LL DECK_FULL

LL DECK_MAIN

LL DECK_BACK

LL ROOF_MAIN

LL ROOF_BACK

LL OFFSET_FULL

LL OFFSET_MAIN

LL OFFSET_BACK

03-Oct-16

2262.03

Creating

Bridges

as Art
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 Project

Figg Bridge Engineers, Inc. FIU - Pedestrian Bridge
 Designed  Project No.  Sheet

EDL  of
 Checked  Date

MF
Tallahassee      Denver     Philadelphia     Dallas

LOADS @ BEARINGS
PIER 3 (NORTH END)

Bearing FX (kips) FY (kips) FZ (kips)

03-Oct-16

2262.03

Creating

Bridges

as Art

Left 2 1 -39
Right 2 1 -1
Left 0 1 -38
Right -1 1 49
Left -1 1 -28
Right -1 1 51
Left -2 1 -14
Right -2 1 48
Left -2 1 1
Right -2 1 39
Left 0 0 -14 0 0 -47 0 0 -48
Right 0 0 14 0 0 47 0 0 48
Left 0 0 -15 1 0 -48 1 0 -49
Right 0 0 12 0 0 38 1 0 39
Left 1 0 -16 2 0 -51 2 0 -52
Right 0 0 9 1 0 29 1 0 29
Left 1 0 -14 3 0 -46 3 0 -47
Right 1 0 4 2 0 15 2 0 15
Left 1 0 -11 3 0 -37 3 0 -38
Right 1 0 0 3 0 -1 3 0 -1
Left 0 0 -12 0 0 -38 -1 0 -39
Right 0 0 15 -1 0 48 -1 0 49
Left 0 0 -9 -1 0 -29 -1 0 -30
Right -1 0 16 -2 0 50 -2 0 52
Left -1 0 -5 -2 0 -15 -2 0 -15
Right -1 0 14 -3 0 46 -3 0 47
Left -1 0 0 -3 0 1 -3 0 1
Right -1 0 11 -3 0 37 -3 0 38
Left 0 1 -69
Right 0 1 78
Left 6 0 -64
Right 6 0 -64
Left -6 0 64
Right -6 0 64
Left 6 0 -124
Right 6 0 -124

Notes:
1. Loads are unfactored.

4.  (-) for axial bearing load denotes compression.

TU + TEMP. DIFF.

WS -45 DEG

WS -60 DEG

WS O DEG_70 MPH

WS 15 DEG_70 MPH

WS 30 DEG_70 MPH

WS 45 DEG_70 MPH

WS 60 DEG

WS -15 DEG

TU+

TU-

WS 60 DEG_70 MPH

WS -15 DEG_70 MPH

WS -30 DEG_70 MPH

WS -45 DEG_70 MPH

WS -60 DEG_70 MPH

WS+WUP

2. LL Offset load case considers pedestrian live load 
3. The 70 mph wind load cases apply to Service I and 

Strength V (x 3.25)

WS -30 DEG

Service I (x 3.33)
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DISPLACEMENTS AND ROTATIONS @ BEARINGS
PIER 3 (NORTH END)

Bearing
Translation X 

(in)
Translation Y 

(in)
Translation Z 

(in)
Rotation X 

(rad)
Rotation Y 

(rad)
Rotation Z 

(rad)
Left 0.0477 -0.0122 -0.1563 0.0000 -0.0007 0.0000
Right 0.0467 -0.0122 -0.1572 0.0000 -0.0007 0.0000
Left -0.1876 -0.0014 0.0010 0.0000 -0.0006 0.0000
Right -0.1878 -0.0014 0.0010 0.0000 -0.0006 0.0000
Left 0.0959 0.0003 -0.0022 0.0000 0.0001 0.0000
Right 0.0958 0.0003 -0.0022 0.0000 0.0001 0.0000
Left -0.2137 0.0034 0.0305 0.0000 0.0003 0.0000
Right -0.2134 0.0034 0.0307 0.0000 0.0003 0.0000
Left 0.0477 -0.0122 -0.1563 0.0000 -0.0007 0.0000
Right 0.0467 -0.0122 -0.1572 0.0000 -0.0007 0.0000
Left -0.2823 -0.0023 0.0008 0.0000 -0.0010 0.0000
Right -0.2827 -0.0023 0.0008 0.0000 -0.0010 0.0000
Left -0.2174 -0.0037 -0.0429 0.0000 -0.0006 0.0000
Right -0.2178 -0.0037 -0.0431 0.0000 -0.0006 0.0000
Left -0.2081 0.0035 0.0327 0.0000 0.0003 0.0000
Right -0.2078 0.0035 0.0329 0.0000 0.0003 0.0000
Left -0.0074 -0.0005 -0.0026 0.0000 0.0001 0.0000
Right -0.0074 -0.0005 -0.0026 0.0000 0.0001 0.0000
Left -0.0269 -0.0017 -0.0095 0.0000 0.0002 0.0000
Right -0.0271 -0.0017 -0.0095 0.0000 0.0002 0.0000
Left -0.0434 -0.0005 0.0197 0.0000 0.0002 0.0000
Right -0.0435 -0.0005 0.0198 0.0000 0.0002 0.0000
Left 0.0165 -0.0012 -0.0292 0.0000 0.0000 0.0000
Right 0.0163 -0.0012 -0.0293 0.0000 0.0000 0.0000
Left -0.0025 -0.0001 0.0000 0.0000 0.0000 0.0000
Right -0.0025 -0.0001 0.0000 0.0000 0.0000 0.0000
Left -0.0046 -0.0001 0.0024 0.0000 0.0000 0.0000
Right -0.0046 -0.0001 0.0024 0.0000 0.0000 0.0000
Left 0.0021 -0.0001 -0.0024 0.0000 0.0000 0.0000
Right 0.0021 -0.0001 -0.0024 0.0000 0.0000 0.0000
Left -0.0126 0.0103 -0.0106 -0.0001 0.0001 0.0000
Right -0.0144 0.0103 0.0012 -0.0001 0.0001 0.0000
Left -0.0209 0.0076 0.0107 0.0000 0.0001 0.0000
Right -0.0225 0.0076 0.0090 0.0000 0.0001 0.0000
Left 0.0083 0.0027 -0.0213 -0.0001 0.0000 0.0000
Right 0.0081 0.0027 -0.0078 -0.0001 0.0000 0.0000
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right

PT_D10K

CR_EOC

SH_EOC

PT_EOC

CR_D10K

SH_D10K

DC_EOC

DC_D10K

WS 15 DEG

WS 30 DEG

WS 45 DEG

WS 60 DEG

WS O DEG

LL ROOF_FULL

DW

LL DECK_FULL

LL DECK_MAIN

LL DECK_BACK

LL ROOF_MAIN

LL ROOF_BACK

LL OFFSET_FULL

LL OFFSET_MAIN

LL OFFSET_BACK
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DISPLACEMENTS AND ROTATIONS @ BEARINGS
PIER 3 (NORTH END)

Bearing
Translation X 

(in)
Translation Y 

(in)
Translation Z 

(in)
Rotation X 

(rad)
Rotation Y 

(rad)
Rotation Z 

(rad)
Left
Right
Left
Right
Left
Right
Left
Right
Left 0.0032 0.0013 -0.0016 0.0000 0.0000 -0.0001
Right -0.0032 0.0013 0.0018 0.0000 0.0000 -0.0001
Left 0.0137 0.0010 -0.0020 0.0000 0.0000 0.0000
Right 0.0077 0.0010 0.0010 0.0000 0.0000 0.0000
Left 0.0269 0.0003 -0.0026 0.0000 0.0000 0.0000
Right 0.0213 0.0003 0.0002 0.0000 0.0000 0.0000
Left 0.0373 0.0018 -0.0028 0.0000 0.0000 0.0000
Right 0.0332 0.0018 -0.0007 0.0000 0.0000 0.0000
Left 0.0436 0.0037 -0.0028 0.0000 0.0000 0.0000
Right 0.0414 0.0037 -0.0016 0.0000 0.0000 0.0000
Left -0.0077 0.0010 -0.0008 0.0000 0.0000 0.0000
Right -0.0137 0.0010 0.0022 0.0000 0.0000 0.0000
Left -0.0213 0.0004 0.0000 0.0000 0.0000 0.0000
Right -0.0269 0.0004 0.0028 0.0000 0.0000 0.0000
Left -0.0332 0.0019 0.0009 0.0000 0.0000 0.0000
Right -0.0373 0.0019 0.0030 0.0000 0.0000 0.0000
Left -0.0414 0.0038 0.0016 0.0000 0.0000 0.0000
Right -0.0436 0.0038 0.0030 0.0000 0.0000 0.0000
Left
Right
Left 0.2701 -0.0023 -0.0261 0.0000 -0.0003 0.0000
Right 0.2699 -0.0023 -0.0262 0.0000 -0.0003 0.0000
Left -0.2701 0.0023 0.0261 0.0000 0.0003 0.0000
Right -0.2699 0.0023 0.0262 0.0000 0.0003 0.0000
Left 0.2901 -0.0045 -0.0517 0.0000 -0.0006 0.0000
Right 0.2897 -0.0045 -0.0519 0.0000 -0.0006 0.0000

Notes:
1. Values are unfactored.
2. LL Offset load case considers pedestrian live load 
only on one side of the bridge deck.
3. The 70 mph wind load cases apply to Service I 
and Strength V limit states per SDG.

TU + TEMP. DIFF.

TU+

TU-

WS -30 DEG_70 MPH

WS -45 DEG_70 MPH

WS -60 DEG_70 MPH

WS+WUP

WS -30 DEG

WS -45 DEG

WS -60 DEG

WS O DEG_70 MPH

WS 15 DEG_70 MPH

WS 30 DEG_70 MPH

WS 45 DEG_70 MPH

WS -15 DEG

WS 60 DEG_70 MPH

WS -15 DEG_70 MPH
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DISPLACEMENTS AND ROTATIONS @ BEARINGS
PIER 3 (NORTH END)

Load Case Bearing
Translation X 

(in)
Left -0.4024
Right -0.4028
Left -0.5402
Right -0.5397
Left -0.7535
Right -0.7536

Load Case Bearing
Translation X 

(in)
Rotation Y 

(rad)
Left -0.4024 -0.0011
Right -0.4028 -0.0011
Left 0.0403 -0.0007
Right 0.0392 -0.0007
Left -0.3620 -0.0017
Right -0.3636 -0.0017

Load Case Bearing
Translation X 

(in)
Rotation Y 

(rad)
Left 0.2839 -0.0002
Right 0.2771 -0.0002
Left -0.3643 0.0006
Right -0.3705 0.0006
Left 0.3079 -0.0005
Right 0.3009 -0.0005
Left 0.2944 -0.0002
Right 0.2881 -0.0002
Left -0.3538 0.0006
Right -0.3596 0.0006
Left 0.3184 -0.0005
Right 0.3119 -0.0005
Left 0.3076 -0.0002
Right 0.3017 -0.0002
Left -0.3406 0.0006
Right -0.3460 0.0006
Left 0.3316 -0.0005
Right 0.3254 -0.0005
Left 0.3180 -0.0002
Right 0.3136 -0.0002
Left -0.3302 0.0006
Right -0.3341 0.0006
Left 0.3420 -0.0005
Right 0.3373 -0.0005
Left 0.3243 -0.0002
Right 0.3217 -0.0002

LL Deck Main, WS 45 
deg, +TU

LL Deck Main, WS 45 
deg, -TU

LL Deck Main, WS 45 
deg, TU+Temp Diff

LL Deck Main, WS 60 
deg, +TU

LL Deck Main, WS 15 
deg, +TU

LL Deck Main, WS 15 
deg, -TU

LL Deck Main, WS 15 
deg, TU+Temp Diff

LL Deck Main, WS 30 
deg, +TU

LL Deck Main, WS 30 
deg, -TU

LL Deck Main, WS 30 
deg, TU+Temp Diff

ΔDC + ΔDW  

Δs,st & θs,st

Service I (Cyclic) = LL + WS + 1.20 x TU

LL Deck Main, WS 0 
deg, +TU

LL Deck Main, WS 0 
deg, -TU

LL Deck Main, WS 0 
deg, TU+Temp Diff

Δs = 0.65ΔT + ΔCR,SH,PT

ΔCR,SH,PT                    

(LT - EOC)

ΔT (Fall - Rise)

Δs  

Service I (Static)

ΔCR,SH,PT                    

(LT - EOC)
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DISPLACEMENTS AND ROTATIONS @ BEARINGS
PIER 3 (NORTH END)

Left -0.3239 0.0006
Right -0.3259 0.0006
Left 0.3483 -0.0006
Right 0.3455 -0.0006
Left 0.2730 -0.0002
Right 0.2667 -0.0002
Left -0.3752 0.0006
Right -0.3810 0.0006
Left 0.2970 -0.0005
Right 0.2904 -0.0005
Left 0.2594 -0.0002
Right 0.2535 -0.0002
Left -0.3888 0.0006
Right -0.3942 0.0006
Left 0.2834 -0.0005
Right 0.2772 -0.0005
Left 0.2475 -0.0002
Right 0.2431 -0.0002
Left -0.4007 0.0006
Right -0.4046 0.0006
Left 0.2715 -0.0005
Right 0.2669 -0.0005
Left 0.2393 -0.0002
Right 0.2368 -0.0002
Left -0.4089 0.0006
Right -0.4109 0.0006
Left 0.2634 -0.0005
Right 0.2606 -0.0005

LL Deck Main, WS -
45 deg, +TU

LL Deck Main, WS -
45 deg, -TU

LL Deck Main, WS -
45 deg, TU+Temp 

LL Deck Main, WS -
60 deg, +TU

LL Deck Main, WS -
60 deg, -TU

LL Deck Main, WS -
60 deg, TU+Temp 

LL Deck Main, WS -
15 deg, +TU

LL Deck Main, WS -
15 deg, -TU

LL Deck Main, WS -
15 deg, TU+Temp 

LL Deck Main, WS -
30 deg, +TU

LL Deck Main, WS -
30 deg, -TU

LL Deck Main, WS -
30 deg, TU+Temp 

LL Deck Main, WS 60 
deg, -TU

LL Deck Main, WS 60 
deg, TU+Temp Diff
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References: Project Design Criteria
AASHTO LRFD Bridge Design Specifications, 7th Edition, 2014
FDOT SDG, January 2015

AASHTO LRFD 14.7.5 Method B - Design Procedure for Steel-Reinforced Elastomeric Bearings

Pier No. P3

STEP 1: Enter Bearing Loads
D10K

Pst = 339 kips

Pcy = 233 kips

Ps = Pst + Pcy = 572 kips Maximum service compressive load due to total load

PLL = 93 kips

PDL = 338 kips

STEP 2: Enter Bearing Deflections

s  = 0.75 in.

s,st  = 0.36 in. Maximum total static shear deformation at the service limit state = DC + DW + CR + SH + PT
s,cy  = 0.41 in. Maximum total cyclic shear deformation at the service limit state = LL + WS + 1.20 x TU
s,st = 0.00670 rad

s,cy = 0.00560 rad

STEP 3: Specify Bearing Plan Dimensions

L = Length of 
bearing parallel 
to long. axis of 

bridge

W = Width of bearing 
parallel to trans. axis 

of bridge

Try 16 in. x      40 in. Bearing Pad Dimensions
dhole =  0.00 in. Diameter of Hole in Bearing

A = (L x W) - /4 x dhole
2 = 640 sq. in. Bearing Area

STEP 4: Specify Bearing Type & Properties

Shape  : RECTANGULAR
Durometer  = 50 (from Project Design Criteria)

Gmin  = 0.080 ksi Minimum Shear Modulus (LRFD 14.7.5.2)
Gmax = 0.175 ksi Maximum Shear Modulus (LRFD 14.7.5.2)

G = 0.110 ksi Specified Shear Modulus (SDG 6.5.1.A) OKAY

STEP 5: Design for Compressive Stress - Service Limit State (FIGG Design Directive No. 24)

Limit average compressive stress to 1.200 ksi
s = PS / A = 0.893 ksi Service compressive stress due to total load  < 1.200ksi OKAY

NOTE:  Bearings designed for stresses above 1.0 ksi are subject to additional testing requirements.

STEP 6: Determine Bearing Height & Number of Elastomer Layers (LRFD 14.7.5.1)

Use:  hri_int = 0.625 in Thickness of interior elastomer layer (typical)
Maximum hri_ext  = 0.70 x hri_int = 0.438 in. Maximum allowable thickness of exterior layers

Use  hri_ext  = 0.375 in.  < 0.438 in. OKAY

Minimum Nint = (hrt - 2 x hri_ext) / hri_int = 4 Number of interior layers required
Nint = 4 Number of interior layers used OKAY

Maximum cyclic service limit state design rotation angle = LL + WS + 1.20 x TU + 0.005 rad allowance 
for uncertainties

Service load corresponding to maximum total compressive load due to static loads = DC + DW + CR + 
SH + PT

Service load corresponding to maximum total compressive load due to cyclic loads = LL + WS + TU 
(includes multiple presence factor and dynamic load allowance)

Service load corresponding to maximum total compressive load due to live load (includes multiple 
presence factor and dynamic load allowance)

Service load corresponding to maximum total compressive load due to dead load = DC + DW

Maximum total shear deformation of the bearing at the service limit state = 0.65 x temp range + CR + 
SH + PT (modified for substructure stiffness & construction procedures by use of LARSA).  (LRFD 
14.7.5.3.2)  1.20 load factor not applied per SDG 6.5.1.A.

Maximum static service limit state design rotation angle = DC + DW + CR + SH + PT + 0.005 rad 
allowance for uncertainties

FIU Pedestrian Bridge 6-Feb-17

2262.03 ENH Of  

Bearing Design
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STEP 7: Check Shear Deformation - Service Limit State (LRFD 14.7.5.3.2)

Minimum hrt = 2 x s = 1.51 in. Minimum total elastomer thickness
hrt = 2 x hri_ext + Nint x hri_int = 3.25 in. Provided total elastomer thickness  > 1.507 in. OKAY

STEP 8: Calculate Shape Factor (LRFD Eq. 14.7.5.1-1)

Sint = A / [hri_int x (2 x L + 2 x W+ π x dhole)] = 9.14 Shape Factor of Interior Layer (LRFD Eq. C14.7.5.1-1)
Sext = A / [hri_ext x (2 x L + 2 x W+ π x dhole)] = 15.24 Shape Factor of Exterior Layer (LRFD Eq. C14.7.5.1-1)

Si = 9.14 Conservatively, use the minimum shape factor.

STEP 9: Check Combined Compression, Rotation, and Shear - Service Limit State (LRFD 14.7.5.3.3)

Da = 1.40 For rectangular bearings (LRFD Eq. 14.7.5.3.3-4)
σs,st = Pst / A =  0.530 ksi Average compressive stress due to total static load

γa,st = Da x σs,st / (Gmin x Si) = 1.01 Shear strain caused by axial load (static)  < 3.00 OKAY

Dr = 0.50 For rectangular bearings (LRFD Eq. 14.7.5.3.3-7)

γr,st = Dr x (L / hri_int)
2 x (θs,st / Nint) = 0.55 Shear strain caused by rotation (static)

γs,st = Δs,st / hrt = 0.11 Shear strain caused by shear deformation (static)

σs,cy = Pcy / A =  0.363 ksi Average compressive stress due to cyclic load

γa,cy = Da x σs,cy / (Gmin x Si) = 0.70 Shear strain caused by axial load (cyclic)

γr,cy = Dr x (L / hri_int)
2 x (θs,cy / Nint) = 0.46 Shear strain caused by rotation (cyclic)

γs,cy = Δs,cy / hrt = 0.13 Shear strain caused by shear deformation (cyclic)

(γa,st + γr,st + γs,st) + 1.75 x (γa,cy + γr,cy+γs,cy) = 3.92  < 5.00 OKAY

STEP 10: Check Stability of Elastomeric Bearings - Service Limit State (LRFD 14.7.5.3.4 )
Bearings satisfying LRFD Eq. 14.7.5.3.4-1 shall be considered stable, and no further investigation of stability is required.

A = 1.92 x (hrt / L) / √(1 + 2.0 x L / W) = 0.291

B = 2.67 / [(Si + 2.0) x (1 +L / (4 x W)] = 0.218
2A = 0.581  > B CHECK STRESSES

For rectangular bearings not satisfying LRFD Eq. 14.7.5.3.4-1:
Sway = 0 If bridge is free to translate horizontally, sway = 0.  If bridge is fixed against horizontal translation at any point, sway = 1.

Gmin x Si / (2 x A - B) = 2.012 ksi Bridge free to translate horizontally
Gmin x Si / (A - B) = 10.039 ksi Bridge fixed against horizontal translation

s = PS / A = 0.893 ksi Service compressive stress due to total load  < 2.012 ksi OKAY

STEP 11: Determine Steel Reinforcement Thickness (LRFD 14.7.5.3.5)

Service Limit State:
Fy = 36 ksi Yield strength of steel reinforcement

s = PS / A = 0.893 ksi Service compressive stress due to total load

Minimum hs = MAX(3 x hri_int x s / Fy , 1/16") = 0.0625 in Minimum thickness of steel reinforcement for service limit state

hs = 0.1250 in. Provided thickness of steel reinforcement OKAY

Fatigue Limit State:
FTH = 24 ksi Constant amplitute fatigue threshold for Category A (LRFD Table 6.6.1.2.3-1)

L = PLL / A 0.145 ksi Service compressive stress due to live load

Minimum hs = MAX(2 x hri_int x σL / ΔFTH , 1/16") = 0.0625 in Minimum thickness of steel reinforcement for fatigue limit state

hs = 0.1250 in. Provided thickness of steel reinforcement OKAY

NOTE: When the thickness of an exterior layer is more than 1/2 the thickness of an interior layer, the number of interior layers may be increased by 1/2 for each 
such exterior layer.
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STEP 12: Check Compressive Deflection - Service Limit State (LRFD 14.7.5.3.6)

Instantaneous Live Load Deflection:
all = 0.125 in. Maximum relative live load deflection deflection across joint (LRFD C14.7.5.3.6)

σLi = PLL / A = 0.145 ksi Instantaneous live load compressive stress in an individual elastomer layer

εLi = σLi / (4.8 x Gmin x Si
2) = 0.005 Instantaneous live load compressive strain in i th elastomer layer (LRFD Eq. C14.7.5.3.6-1)

δL = εLi x (2 x hri_ext + Nint x hri_int) =  0.015 in. Instantaneous live load deflection  < 0.125 in. OKAY

Initial Dead Load Deflection :
σdi = PDL / A = 0.528 ksi Instantaneous dead load compressive stress in an individual elastomer layer

εdi = σdi / (4.8 x Gmin x Si
2) = 0.016 Instantaneous dead load compressive strain in i th elastomer layer (LRFD Eq. C14.7.5.3.6-1)

δd = εdi x (2 x hri_ext + Nint x hri_int) =  0.053 in. Initial dead load deflection

Long-Term Dead Load Deflection:
acr = 0.25 Creep deflection divided by initial dead load deflection (LRFD Table 14.7.6.2-1)

δlt = δd +acr x δd = 0.067 in. Long-term dead load deflection

Instantaneous Live Load Deflection + Initial Dead Load Deflection:
all = 0.09 x hri_int = 0.056 in. Allowable compressive deflection under instantaneous live load and initial dead load (LRFD 14.7.6.3.3)

δLi = εLi x hri_int =  0.003 in. Compressive deflection of an internal layer under instantaneous live load
δdi = εdi x hri_int =  0.010 in. Compressive deflection of an internal layer under initial dead load

δLi + δdi = 0.013 in. Compressive deflection under instant. live load and initial dead load  < 0.056 in. OKAY

STEP 13: Check Anchorage for Bearings without Bonded External Plates - Service Limit State (LRFD 14.7.5.4)

θs = θs,st + 1.75 x θs,cy = 0.01650 rad Total static and cyclic design rotation angle (cyclic component is multiplied by 1.75)

Pa = Pst + 1.75 x Pcy = 746 kips Total static and cyclic axial load (cyclic component is multiplied by 1.75)

σa = Pa / A = 1.166 ksi Total static and cyclic average axial stress (cyclic component is multiplied by 1.75)

εa = σa / (4.8 x Gmin x Si
2) = 0.036 Total static and cyclic average axial strain (cyclic component is multiplied by 1.75)

3 x εa / Si = 0.012
θs / Nint = 0.004 RESTRAINT SYSTEM NOT REQUIRED

STEP 14: Check Bearing Stress on Concrete - Strength Limit State ( LRFD 5.7.5)

f'c  = 5.5 ksi Compressive strength of substructure

b = 0.70 Strength reduction factor for bearing on concrete (LRFD 5.5.4.2.1)
A1 = 640 sq. in. Area of bearing

A2 = 640 sq. in. Assume 90° distribution angle unless greater A2 is needed

m = MIN[ √(A2 / A1) , 2] = 1.00

bPn = b x 0.85 x f'c x A1 x m = 2,094 kips (LRFD Eq. 5.7.5-2)
Pu (Strength I) = 841 kips  < 2094 kips OKAY

Summary of Bearing P3

Bearing Pad Dimensions = 16 in. x     40 in.
Use 4 5/8" Internal Layers of Elastomer

2 3/8" External Layers of Elastomer
5 1/8" Internal Layers of Steel

Total Bearing Ht = 3.875 in.

NOTE: When the thickness of an exterior layer is more than 1/2 the thickness of an interior layer, the number of interior layers may be increased by 1/2 for each 
such exterior layer.
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