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HNTE BRIDGE DESIGN PROGRAM BDGS

RUN TIME:

----- @? 5 FLANGE PLATE AREA REQUIRED FOR STRENGTH/CONSTRUCTIBILITY (*

05/13/2011

VERSION 2.9.1.0

17:46:26,149
Filename: M:\jobs\49633\Techprod\Bridges\Ramp A5\Design\BDGS\SteelDsn_Run_MOD_Final\CL Girder 5.0UT

QuT!

= DIFFERENT THAN INPUT)

PAGE 276

-------------------- TOP FLANGE -----oseecmceannenn|ome e aee e ccne oo o BOTTOM FLANGE ~rwcemvnamccnnnnnn

SPAN.LOC [ INP AREA REQ AREA NG WIDTH THICK STRESS ] INP AREA REQ AREA NG WIDTH THICK STRESS I

FRAC | {in?} (in?) (in) {in) RATIO | (in?) (in?) (in) {in} RATIO |
1.226 45.5 45.5 28.0000 1.6250 0.83 67.5 67.5 36,0000 1.8750 0.84
1.250 45.5 45.5 28.0000 1.6250 0.87 67.5 67.5 36.0000 1.8750 0.87
1.258 45.5 45.5 28.0000 1.6250 0.88 67.5 67.5 36,0000 1.8750 0.89
1.290 45.5 45.5 28.0000 1.6250 0.93 67.5 67.5 36.0000 1.8750 0.93
1.300 45.5 45.5 28.0000 1.6250 0.93 67.5 67.5 36.0000 1.8750 0.94
1.323 45.5 45.5 28.0000 1.6250 0.95 67.5 67.5 36.0000 1.8750 .96
1.350 45.5 45.5 28.0000 1.6250 Q.96 67.5 67.5 36.0000 1.8750 0.97
1..3585 45.5 45.5 28.0000 1.6250 .88 61.5 67.5 36.0000 1.8750 0.87
1.387 45.5 45.5 28.0000 1.6250 0.96 67.5 67.5 36.0000 1.8750 0.97
1.400 45.5 45.5 28.0000 1.6250 0.95 67.5 67.5 36.0000 1.8750 0.97
1.419 45.5 45.5 28.0000 1.6250 0.94 67.5 67.5 36.0000 1.8750 0.96
1.450 45.5 45.5 28.0000 1.6250 0.91 67.5 67.5 36.0000 1.8750 0.93
1.452 45.5 45.5 28.0000 1.6250 0.90 67.5 67.5 36.0000 1.8750 0.83
1.484 45.5 45.5 28.0000 1.6250 0.86 67.5 67.5 36.0000 1.8750 0.89
1.500 45.5 45.58 28.0000 1.6250 0.82 67.5 67.5 36.0000 1.8750 0.86
1.516 45.5 45.5 28.0000 1.6250 0.79 67.5 67.5 36.0000 1.8750 0.82
1.548 45.5 45.5 28.0000 1.6250 0.72 67.5 67.5 36.0000 1.8750 0.76
1.548 45.5 45.5 28.0000 1.6250 0.71 67.5 67.5 36.0000 1.8750 0.7¢6
1.549 45.5 45.5 28.0000 1.6250 0.71 67.5 87.5 36.0000 1.8750 0.75
1.550 45.5 45.5 28.0000 1.6250 0.71 67.5 67.5 36.0000 1.8750 0.75
1.581 45.5 45.5 28.0000 1.6250 0.62 67.5 67.5 36.0000 1.8750 0.67
1.600 45.5 45.5 28.0000 1.6250 0.56 £7.5 87.5 36.0000 1.8750 0.61
1.600 45.5 45.5 28.0000 1.6250 0.55 67.5 67.5 36.0000 1.8750 0.61
1.613 45.5 45.5 28.0000 1.6250 0.51 67.5 867.5 36.0000 1.8750 0.57
1.615 45.5 45.5 28.0000 1.8250 0.50 67.5 67.5 36.0000 1.8750 0.56
1.615 45.5 45.5 28.0000 1.6250 0.50 67.5 67.5 36.0000 1.8750 0.53
1.619 45.5 45.5 28.0000 1.6250 0.49 67.5 67.5 36.0000 1.8750 0.52
1.622 45.5 45.5 28.0000 1.6250 0.48 67.5 67.5 36.0000 1.8750 0.51
1.645 45.5 45.5 28.0000 1.6250 0.39 67.5 67.5 36.0000 1.8750 0.44
1.650 45.5 45.5 28.0000 1.6250 0.38 67.5 67.5 36.0000 1.8750 0.42
1.677 45.5 45.5 28.0000 1.6250 0.27 67.5 67.5 36.0000 1.8750 0.33
1.700 45.5 45.5 28.0000 1.6250 0.20 67.5 67.5 36.0000 1.8750 0.25
1.703 45.5 45.5 28.0000 1.6250 0.19 67.5 67.5 36.0000 1.8750 0.24
1.703 63.0 63.0 36.0000 1.7500 0.16 66.5 66.5 38.0000 1.7500 0.24
1.709 63.0 63.0 36.0000 1.7500 0.14 66.5 66.5 38.0000 1.7500 0.22
1.742 63.0 63.0 36.0000 1.7500 0.09 66.5 66.5 38.0000 1.7500 0.10
1.742 63.0 63.0 36.0000 1.7500 0.08 66.5 66.5 38.0000 1.7500 0.11
1.750 63.0 63.0 36.0000 1.7500 0.11 §6.5 66.5 38.0000 1.7500 0.13
1.774 63.0 63.0 36.0000 1.7500 0.1% 66.5 66.5 38.0000 1.7500 0.21
1.800 63.0 63.0 36.0000 1.7500 g.28 66.5 66.5 38.0000 1.7500 0.31
1.806 63.0 63.0 36.0000 1.7500 0.30 66.5 66.5 38.0000 1.7500 0.34
1.838 63.0 63.0 36.0000 1.7500 0.43 66.5 66.5 38.0000 1.7500 0.47
1.850 63.0 63.0 36.0000 1.7500 0.47 66.5 66.5 38.0000 1.7500 0.52
1.865 63.0 63.0 36.0000 1.7500 0.53 66.5 66.5 38.0000 1.7500 0.59
1.865 99.0 99.0 36.0000 2.7500 0.37 104.5 104.5 38.0000 2.7500 0.37
1.871 99.0 95.0 36.0000 2.7500 0.38 104.5 104.5 38.0000 2.7500 0.39
1.900 99.0 85.0 36.0000 2.7500 0.47 104.5 104.5 38.0000 2.7500 0.47
1.903 89.0 $9.0 36.0000 2.7500 0.48 104.5 104.5 38.0000 2.7500 0.48
1.935 99.0 99.0 36.0000 2.75800 0.58 104.5 104.5 38.0000 2.7500 0.58
1.950 99.0 99.0 36.0000 2.7500 0.62 104.5 104.5 38.0000 2.7500 0.63
1.968 99.0 99.0 36.0000 2.7500 0.68 104.5 104.5 38.0000 2.7500 0.69
2.000 99.0 98.0 36.0000 2.7500 0.80 104.5 104.5 38.0000 2,7500 0.81
2.000 99.0 9%.0 36.0000 2.7500 0.80 104.5 104.5 38.0000 2.7500 Q.80
2.034 99.0 99.0 36.0000 2.7500 0.72 104.5 104.5 38.0000 2.7500 0.72
2.050 88.0 $9.0 36.0000 2.7500 0.68 104.5 104.5 38.0000 2.7500 0.68
2.068 99.0 99.0 36.0000 2.7500 0.64 104.5 104.5 38.0000 2.7500 0.64
2.100 99.0 39.0 36.0000 2.7500 0.57 104.5 104.5 38.0000 2.7500 0.57
2.110 99.0 99.0 36.0000 2.7500 0.55 104.5 104.5 38.0000 2.7500 0.55
2.141 99.0 99.0 36.0000 2.7500 0.49 104.5 104.5 38.0000 2.7500 0.48
2.141 72.0 72.0 36.0000 2.0000 0.64 76.0 76.0 38.0000 2.0000 0.66
2.150 72.0 72.0 36.0000 2.0000 0.62 76.0 76.0 38.0000 2.0000 G.64
2.153 72.0 72.0 36.0000 2.0000 0.61 76.0 76.0 38.0000 2.0000 0.63
2.195 72.0 72.0 36.0000 2.0000 0.52 76.0 76.0 38.0000 2.0000 0.54
2.200 72.0 72.0 36.0000 2.0000 0.51 76.0 76.0 38.0000 2.0000 0.53
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. COMPRESSION FLANGE FLEXURAL RESISTANCE
Calculate the flexural resistance of a discretely braced
compression flange per AASHTO 6.10.8.2. The flexural
resistance will be the minimum of the local buckling resistance
and the lateral torsional buckling resistance.

- LOCAL BUCKLING RESISTANCE

Calculate the slenderness parameters:

M= by / 2t
8.62
0.38 V(E/F,)

= 915
0.56 V(E/F,,)

7\'pf

At

«ANTB

(6.10.8.2]

16.12

INPUT  [GS5, Span 1, Section 2, 1.355L, Const.]
Materials:
Steel - F,= 50 ksi
= 29000  ksi
Fr=07F,= 35 ksi
Section:
Compression Flange - by = 28 in
te= 1625 in
Web - D= 96 in
ty =" 0.6875 in
Tension Flange - by = 36 in

Bracing:
Unbraced Length - Ly= 1193 #t
Factored Flange Stresses:
Compression Flange - fioe=  -33:63  ksi
Tension Flange - fo = 2648  ksi
Lateral Flange Stress - fle=' 668  Kksi
fl= 343 ksi

*Positve tension, negative compression.

WEB LOAD-SHEDDING FACTOR
Calcualte web load-shedding factor, Ry, per

AASHTO 6.10.1.10.2.
Rp = 1-[a,/ (1200+300a,)][2Du/t,, - Jun,] < 1.0

D¢ = Dy [('fbu__c)/ ('fbu_c + fbu__t)] -t
= 5404 in

ay = (2D t) / (b i)
= 1.63

Ay = 5.7 V(EIFy)
= 1373

Rpy= 0.981

If A < Agr, then:

Fre= Ry Ry Fy (R, = 1.00)
=  49.04 ksi <=== Controls
Else:
Fae = [1 - (1 = Fyd(RaF (s = 2o (it - Apr)] Rp Ry Fy
=  50.17 ksi
Fre1=  49.04  ksi

LATERAL TORSIONAL BUCKLING RESISTANCE
Calculate braced length parameters:

re= bre / N(12*(1 + (1/3)(Detw)/(bre)tre))))

= 717
L, = 1.0 i, V(E/F,)
= 17259 in
Le = 1 (E/F,)
648.05 in
L, = 143.16 in

Calculate elastic torsional buckling stress.

Fe = Cp Rp T2 E / (Ly/ry)?
= 70337 ksi

IfL, = L, then:
Fnc = Rb Rh Fy
=  49.04 ksi

(R, = 1.00)
<===Controls

If Ly > L,, then:
Fnc = Fcr < Rb Rh Ry

[6.10.8.3]

(Assume C, = 1.00)

= 49.04 ksi
Else:
Fao = Cpl1 - (1 - Fy/(RpFON(Ls - Lo/(Lis - Lid] Ry Ry Fy
= 49.04 ksi
F:nc_2 49.04 ksi

Mg = MiNEFnc_% Fnc_2}

49.04  ksi

i
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- AMPLIFICATION FACTOR [6.10.1.6]

Calculate the amplification factor to account for 2nd order
effects (if applicable).

Ly = 1.2 L, V(Cy Ro)/(fou/Fy)))
= 250.08
Forl,=L,"
Ar=  1.00
Else:

As = [0.85/(1-fo /F )]
0.89

As= 1.00

CHECK FLANGE BENDING STRESS
Check combined flange bending stresses per
AASHTO 6.10.3.2.1. Note that ¢; = 1.0.

R = [fou *+ Ar fVRyFye (6.10.3.2.1-1)
for Ry = 1.0
R= 081
R = [fou + Ap 1/3)/F e (6.10.3.2.1-2)
= 073

R= 081 OK

CHECK WEB BEND-BUCKLING RESISTANCE
For slender webs, check web bend bucking resistance per
AASHTO 6.10.3.2.1. Note that ¢; = 1.0.

Check web slenderness:

2D/, < 5.7 V(E/F,.)
2D, = 157
5.7 V(E/Fy) = 137 Consider Web Bend-Bucking

Fow = [0.9 E K]/ (Dt,)? < min (R, Fye, F,y,/0.7)

k= 9/(DJDY?

= 28.4
Faow= 38.01
R = fou/Fen
= 0.88 OK
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TENSION FLANGE FLEXURAL RESISTANCE
Calculate the flexural resistance of a discretely braced
tension flange per AASHTO 6.10.8.3.

Fu= Ry Fy  (Ry=1.0)
= 50 ksi

CHECK FLANGE BENDING STRESS
Check combined flange bending stresses per
AASHTO 6.10.3.2.2. Note that ¢; = 1.0.

R = [foy + fil/Fot (6.10.3.2.2-1)
= 0.60 OK
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For Cleveland - Ramp AS Job No. 49633 Sheet No.
Made by LER Checked by Backchecked by
Date 10/1/12 Date Date

COMPRESSION FLANGE FLEXURAL RESISTANCE
Calculate the flexural resistance of a discretely braced
compression flange per AASHTO 6.10.8.2. The flexural
resistance will be the minimum of the local buckling resistance
and the lateral torsional buckling resistance.

INPUT  [GS5, Span 1, Section 2, 1.355L, Final]
Materials:
Steel - Fy= 50 ksi
= 29000 ksi
Fy=07F,= 35 ks
Section:
Compression Flange - by = 28  in
tre 1.625 in
Web - D= 96 in
ty= 06875 in
Tension Flange - by = 36 in

Bracing:
Unbraced Length - L,=" 1193 ft
Factored Flange Stresses:
Compression Flange - fwc= -42.96 ksi
Tension Flange - f = 4602 ks
Lateral Flange Stress - fie= 000 Kksi
fio= 641 ksi

*Positve tension, negative compression.

WEB LOAD-SHEDDING FACTOR
Calcualte web load-shedding factor, R, per

AASHTO 6.10.1.10.2.

Ry = 1 - [a, / (1200+300a,)][2Dd/t, - 7] < 1.0

Do = Dt [(-fou o) (-fou ¢ + fou )] - te
46.41 in

ay = (ZDC tw) / (bfc tfc)

= 1.40
Ane = 5.7 W(EIFy)
= 1373
R, = 1.000
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LOCAL BUCKLING RESISTANCE
Calculate the slenderness parameters:

M= b/ 2t
= 862

2ot = 0.38 V(E/F,)
= 915

hut = 0.56 V(E/F,)
= 1612

If A < Ay, then:

Fae= Ry Ry Fy (R, = 1.00)
= 50.00 Kksi <=== Controls
Else:
Fro = [1- (1 - Fy(RaFODI(t = 2/ (Mt - )] Ry Ry Fy

51.15  ksi

Fre1= 50.00 ksi

LATERAL TORSIONAL BUCKLING RESISTANCE
Calculate braced length parameters:

= bre / N(12°(1 + (1/3)(Det)/(bre) (ko))
= 7.28

—
°
i

1.0 r V(E/F)
175.25 in

L= V(E/F,,)
658.06 in

Ly= 143.16 in
Calculate elastic torsional buckling stress.

Fer = Cp Ry 2 E / (Ly/ry)?
= 73953 Kksi

(Assume C,, = 1.00)

If Ly = L, then:
Fnc = Rb Rh Fy
= 50.00 ksi

(R, = 1.00)
<===Controls

If Ly, > L, then:
Fnc = Fcr s Rb Rh Ry
50.00 ksi

Else:

«INTB

[6.10.8.2]

[6.10.8.3]

Fre = Col1- (1 - Fy/(RiFy))(Le - Lo/(Let - Lon)] Ry Ry Fy

50.00 ksi

i

Frc_2 50.00 ksi

T
2
a8

= MlN{Fnc_h Fnc_Z}
50.00 ksi
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AMPLIFICATION FACTOR [6.10.1.6]
Calculate the ampilification factor to account for 2nd order
effects (if applicable).

Lo' = 1.2 L, Y((Cp Ro)(fo/F,)))
= 226.88

Ae = [0.85/(1-f, /F )]
0.90

Ar 1.00

CHECK FLANGE BENDING STRESS
Check combined flange bending stresses per
AASHTO 6.10.8.1.1. Note that ¢; = 1.0.

R

(fou + A 7/31Fqe (6.10.8.1.1-1)
0.86 OK

For compression flanges of composite sections in
postive bending, the lateral flange bending term in neglected
per AASHTO 10.7.2.1.
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TENSION FLANGE FLEXURAL RESISTANCE
Calculate the flexural resistance of a discretely braced
tension flange per AASHTO 6.10.8.3.

$Fe=  RyFy  (Ry=1.0)
= 50 ksi

CHECK FLANGE BENDING STRESS
Check combined flange bending stresses per
AASHTO 6.10.7.2.1 for composite sections in postive bending
or AASHTO 6.10.8.1.2 for non-composite sections.
Note that ¢; = 1.0.

R

(fou + f/3)/F o (6.10.8.1.2-1)
096 OK
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STRESS CALCULATIONS - CONSTRUCTION
GIRDER 5 - 1.355L

Vertical Moment Data
Moment data taken from T187 output at point of maximum.

moment in the panel segment.
4000
11820

kip-ft
kip-ft

[from Genesis]
[from T187 model]

My_stL =
MU_Other =

Lateral Flange Bending Moments Due to Curvature
The lateral flange bending moments due to curvature will be
estimated per AASHTO Equ. C4.6.1.2.4b-1.

M, = M ¢
12RD

R = Girder radius at segment under consideration

= 180.75 ft

D = Girder web depth
=Rt
| = Distance between brace points
= 1193 ft

M, = 97 kip-ft

Section Properties
See separate calculations for section properties.

b(f = 28 in ttf = 1.625 in
b= 36 in ty= 1875 in
Condition Sy Ser S« S bt
(in°) (in°) (in) (in®)
Non-Composite 5645 7170 212 405

Flange Stresses
Calculate stresses due to vertical bending and lateral flange
bending moments.

Load fo fo_br fiy fi bt
(ksi) (ksi) (ksi) (si)
DC_A -33.63 26.48 5.48 2.87

Lateral flange bending stresses for DC_A moments are only
calculated for the slab DL. The lateral flange bending stresses
due to steel DL are included under additional stresses.

M:\jobs\49633\Techprod\Bridges\Ramp A5\RFI\Span 1 Haunches RFI\Stress Calculations_Genesis DL Stresses_Post Jacking.xls

Additional Lateral Flange Bending Stresses
Include lateral flange bending stressed due to excessive girder
tilt and errection, and overhang loading.

(a) Out-of-Plumbness:
The girder is out of plumb by 0.375" over 8' at midspan.
Estimate the lateral flange bending due eccentricity of load

placed on flange with respec to the center of the web (D/2).

e= 01875 in(max)
w = uniform load; estimate based on max.
Mpc_a Within Span 1 (see separate

calculations).

= 50  kip/ft

m,=  0.08 Kip-infin

fI = m, bf

- 490
flg= 000  ksi
fipr = 0.01 ksi
(b) Erection:
See separate calculations.

fig= 0865  ksi ffrom Genesis]
fipr = 0.04  ksi ffrom Genesis]

(c) Overhang Loading
The moment on the exterior girder due to overhang bracket

loads is about:

m,on=: 45  Kip-ft/ft
f| = m; bf
= 490 Kip-in
fig= 026  ksi
figr=  0.33  ksi

Factored Flange Stresses (Strength |)

fio¢= -33.63 ksi figy= 6.68 ks
fuopr= 2648  ksi fir= 343  ksi
10/9/2012



For Ramp A5 Job No. 49633 Sheet No. H NTB
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STRESS CALCULATIONS - FINAL
GIRDER 5 -1.355L

Vertical Moment Data
Moment data taken from BDGS output at point of maximum.
moment in the panel segment, except as noted.

Mpc A stesl = 3200 kip-ft [from Genesis]
Moc_a omer= 8087 kip-ft [from T187 model]
MDC_B = 789 " kip-ft
Mpw= 2516  kip-ft
Miw= 5747  kip-ft

Lateral Flange Bending Moments Due to Curvature
The lateral flange bending moments due to curvature will be
estimated per AASHTO Equ. C4.6.1.2.4b-1.

M, = M I
12RD
R = Girder radius at segment under consideration
= 18075 ft
D = Girder web depth
=diman
| = Distance between brace points
= 1193 ft
M pc a = 66 kip-ft
MI_DC__B = 5] klp'ﬁ
M pw = 21 kip-ft
M (o= 47 kip-ft

Section Properties
See separate calculations for section properties.

Flange Stresses
Calculate stresses due to vertical bending and lateral flange
bending moments.

by= 28 i tr= 1625 in
bee= 36  in ty= 1875 in
Condition Sy Ste Siu Si bt
(in°) (in°) (in®) (in%)
Non-Composite 5645 7170 212 405
Composite (3n) 10504 8241
Composite (n) 21820 9058
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Load Ty T of fiLy fi or
(ksi) (ksi) (ksi) (ksi)

DC A -23.95 18.86 374 1.96
DC_B -0.90 1.15 0 0.19
DW -2.87 366 0 0.61

LL+ -3.16 7.61 0 1.40

Lateral flange bending stresses for DC_A moments are only
calculated for the slab DL. The lateral flange bending stresses
due to steel DL are included under additional stresses.

Additional Lateral Flange Bending Stresses
Include lateral flange bending stressed due to excessive girder
tilt and errection.

(a) Out-of-Plumbness:
The girder is out of plumb by 0.375" over 8' at midspan.
Estimate the lateral flange bending due eccentricity of load
placed on flange with respect to the center of the web (D/2).

e=_ 0.1875  in(max)
w = uniform load; estimate based on max.
Mgc_a Within Span 1 (see separate

calculations).

= 50 kip/it
m, = 0.08 kip-infin
fi= m, by
flg=  0.00 ksi
f]_bf = 0.01 ksi

(b) Erection:
See separate calculations.

065  ksi
0.04  ksi

fl_tf = [from Genesis]

fipe = [from Genesis]

Factored Flange Stresses (Strength 1)

for= -42.96 Kksi flg= 577  ksi
fuopr= 46.02 Kksi fig= 641  ksi
10/1/2012



For Cleveland - Ramp AS Job No. 49633 Sheet No.
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Date 10/1/12 Date Date
COMPRESSION FLANGE FLEXURAL RESISTANCE LOCAL BUCKLING RESISTANCE :
Calculate the flexural resistance of a discretely braced Calculate the slenderness parameters:
compression flange per AASHTO 6.10.8.2. The flexural
resistance will be the minimum of the local buckling resistance he = by / 2t
and the lateral torsional buckling resistance. = 6.91
ot = 0.38 V(E/F))
INPUT  [GS5, Span 1, Section 4, 2.000L, Const.] = 9.15
Materials: A= 0.56 V(E/F,)
Steel - Fy= 50  ksi = 16.12
= 29000 ksi
Fe=07F,= 35 ksi If % < Apy, then:
Foe = Ry Ry Fy (R, = 1.00)
Section: = 50.00 ksi <=== Controls
Compression Flange - by, = 38 in
e = 2.750 in Else:
Web - D= 96 in Fre = [1- (1 - Fy/(RaF )N = 2prd (Mg - Ap)] Ry Ry Fy
t,= 086875 in = 5483 ksi
Tension Flange - by = 36 in
k=" 275 in Fic1® 5000  ksi
Bracing: LATERAL TORSIONAL BUCKLING RESISTANCE
Unbraced Length - Ly=2 1200 ft Calculate braced length parameters:
Factored Flange Stresses: re= by / N(12%(1 + (1/3)((Dety)/(bre)(tre))))
Compression Flange - fuoe= 2477 ksi = 1044
Tension Flange - fup e = 2578 ksi
Lateral Flange Stress - fle= 810  ksi Lp = 1.0 i, V(E/F,)
fiy=" 768 Kksi = 25154 in
*Positve tension, negative compression. '
L.=1r \/(E/Fy,)
WEB LOAD-SHEDDING FACTOR 944.52 in
Calcualte web load-shedding factor, Ry, per
AASHTO 6.10.1.10.2. Lb= 144.00 in
Ry = 1-[a, /(1200+300a,)][2D/t, - Al £ 1.0 Calculate elastic torsional buckling stress.
De = Dy [(-fou_oM-Fou_c + fou )] - tre Fo= CoRy T E/(Lyfr)*  (Assume C, = 1.00)
= 4699 in = 1505.80 ksi
a, = (2D t,) / (by ti) If Ly <L, then:
= 0862 Fnc = Rp Ry Fy (R, = 1.00)
= 50.00 ksi <===Controls
Aoy = 5.7 V(E/FY)
= 1373 If Ly > L, then:
Fre = Fee SRy Ry Ry
Rp=  1.000 = 50.00 ksi
Else:
Foc = Go[1 - (1 - Fy/(RaF)((Le - Lpe/(Les - L)l Ro Ry Fy
= 50.00 ksi
Fc2= 50.00 ksi
Fnc = M}N[Fnc_h Fnc_.?]
= 50.00 ksi
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For Cieveland - Ramp AS Job No. 49633 Sheet No.
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AMPLIFICATION FACTOR [6.10.1.6]

Calculate the ampilification factor to account for 2nd order
effects (if applicable).

Ly = 1.2 L, V(Cy Ro)(fou/Fy)))
= 428.86
Forb,sL,
A= 1.00
Else:
Ag = [0.85/(1-f, /F.)]

0.86
Ar= 1,00
CHECK FLANGE BENDING STRESS

Check combined flange bending stresses per
AASHTO 6.10.3.2.1. Note that ¢, = 1.0.

R = [foy + Ap fl/RyFyc (6.10.3.2.1-1)

for R, = 1.0
R= 0.6

R = [fou + Ar f/3)J/F (6.10.3.2.1-2)
= 055

R= 066 OK

CHECK WEB BEND-BUCKLING RESISTANCE
For slender webs, check web bend bucking resistance per
AASHTO 6.10.3.2.1. Note that ¢; = 1.0.

Check web slenderness:

2DM, < 5.7 V(E/F,,)
2D, = 137
5.7 V(E/F) = 137 Ignore Web Bend-Bucking

Fen = [0.9 E K]/ (DIt,) < min (R By, F,,,/0.7)

k= 9/ (DJD)?

= 37.6
Few = 50.00
R= fbu/Fcrw
= 1.00 OK

M:\jobs\49633\Techprod\Bridges\Ramp A5\RFI\Span 1 Haunches RFNRamp A5_ Flange Flexural Capacity_Genesis DL Stresses_Post Jacking.xlsm
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For Cleveland - Ramp A5 Job No. 49633 Sheet No. l.' NTB
Backchecked by n

Made by LER Checked by
Date 10/1/12 Date Date

TENSION FLANGE FLEXURAL RESISTANCE
Calculate the flexural resistance of a discretely braced
tension flange per AASHTO 6.10.8.3.

$Fe= RyFy, (Ry=1.0)
= 50 ksi

CHECK FLANGE BENDING STRESS
Check combined flange bending stresses per
AASHTO 6.10.3.2.2. Note that ¢; = 1.0.

R = [fou + fil/Fn (6.10.3.2.2-1)
= 0.67 OK
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For Cleveland - Ramp A5 Job No. 49633 Sheet No. !
Made by LER Checked by Backchecked by H NTB
Date 10/1/12 Date Date
COMPRESSION FLANGE FLEXURAL RESISTANCE LLOCAL BUCKLING RESISTANCE [6.10.8.2]
Cailculate the flexural resistance of a discretely braced Calculate the slenderness parameters:
compression flange per AASHTO 6.10.8.2. The flexural
resistance will be the minimum of the local buckling resistance Ae = by / 24,
and the lateral torsional buckling resistance. = 6.91
Xpr = 0.38 V(E/F,)
INPUT  [GS, Span 1, Section 4, 2.000L, Final] = 915
Materials: A = 0.56 V(E/F,)
Steel - Fy= 50  ksi = 1612
E= 29000 ksi
Fpe=07F,= 35 ksi i A < dpy, then:
Fonc = Ry Ry F,y (R, = 1.00)
Section: = 4967 ksi <=== Controls
Compression Flange - be= 38 in
te=" 2750 in Else:
Web - D= 9 in Fre = [1- (1= Fyd(RaF)) (s - hpsl (At - Rp)] Ry Ry, Fy
ty= 06875 in = 5446 ksi
Tension Flange - be=" 36 in
th= 275 i Fr1= 49.67 ksi
Bracing: LATERAL TORSIONAL BUCKLING RESISTANCE [6.10.8.3]
Unbraced Length - Lp = 12.00 Ht Calculate braced length parameters:
Factored Flange Stresses: 1= b / (1251 + (1/3)((Dtw)/(bro)(te))))
Compression Flange - fioc= -41.99 ksi = 10.39
Tension Flange - fr= 3599 ksi
Lateral Flange Stress - fle= 830 ksi Ly = 1.0 1, V(E/F,)
fle= 786 ks = 25032 in
*Positve tension, negative compression.
L, = mr N(E/F,)
WEB L.OAD-SHEDDING FACTOR 939.94 in
Calcualte web load-shedding factor, Ry, per
AASHTO 6.10.1.10.2, L= 144.00 in
Ry = 1-[a, / (1200+300a,))[2D /My, - A] < 1.0 Calculate elastic torsional buckling stress.
De = D¢ [(-fou_o)/(-fou ¢ * fou 0] - tre Fer= CoRy M E/ (Ly/r)*  (Assume Cy = 1.00)
= 5190 in = 1481.27 ksi
ay = (2D ty) / (b tie) If Ly < Ly, then:
= 068 Fre=Ro Ry Fy (R, = 1.00)
= 4867 ksi <===Controls
Y = 5.7 N(E/Fy)
= 1373 if Ly > L,, then:
Fre= Fe =Ry Ry R,
Rpy=  0.993 = 4967 ksi
Else:
Fre = Co[1- (1 - Fy/(ReF))(Ls - Lo)/(Le - Lep)] Ry Ry, Fy
= 4967 ksi
Fre2= 49.67 ksi
Fnc = MiN[Fnc_1, Fre o
= 49.67 ksi
M:\jobs\48633\Techprod\Bridges\Ramp A5\RF\Span 1 Haunches RFN\Ramp A5_ Flange Flexural Capacity_Genesis DL Stresses_Post Jacking.xlsm 10/1/2012



For Cleveland - Ramp A5 Job No. 49633 Sheet No. q NTB
Made by LER Checked by Backchecked by L]

Date 10/1/12 Date Date

AMPLIFICATION FACTOR [6.10.1.6] :
Calculate the amplification factor to account for 2nd order :
effects (if applicable).

Lp' = 1.2 L, Y((Cp, Rp)/(fo/Fy)))
= 326.69
ForlysLy:
Ac= 100
Else:

Ar = [0.85/(1-f, /F )]
= 087

AF= 1.00
CHECK FLLANGE BENDING STRESS

Check combined flange bending stresses per
AASHTO 6.10.8.1.1. Note that ¢; = 1.0.

R

[fou + Ag £/3)/F o (6.10.8.1.1-1)
0.90 OK

For compression flanges of composite sections in
postive bending, the lateral flange bending term in neglected
per AASHTO 10.7.2.1.
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For Cleveland - Ramp A5 Job No. 49633 Sheet No. q NTB
Made by LER Checked by Backchecked by N

Date 10/1/12 Date Date

TENSION FLANGE FLEXURAL RESISTANCE
Calculate the flexural resistance of a discretely braced
tension flange per AASHTO 6.10.8.3.

OFn= RpFy (Ry=1.0)
= 50 ksi

CHECK FLANGE BENDING STRESS
Check combined flange bending stresses per
AASHTO 6.10.7.2.1 for composite sections in postive bending
or AASHTO 6.10.8.1.2 for non-composite sections.
Note that ¢ = 1.0.

R = [foy + f/3)/Fy (6.10.8.1.2-1)

0.77 OK
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For Ramp A5 Job No, 49633 Sheet No. H NTB
Made by LER Checked by Backchecked by
Date 10/1/12 Date Date

STRESS CALCULATIONS - CONSTRUCTION
GIRDER 5 - 2.000L

Vertical Moment Data
Moment data taken from T187 output at point of maximum.,
moment in the panel segment.

6883  kip-ft
15805  kip-ft

[from Genesis]
[from T187 model]

MU__STL =
MU_Other =

Lateral Flange Bending Moments Due to Curvature
The lateral flange bending moments due to curvature will be
estimated per AASHTO Equ. C4.6.1.2.4b-1.

M ¥
12RD

M|=

R = Girder radius at segment under consideration

= 18075 ft
D = Girder web depth
= 8
| = Distance between brace points
= 0 ft
THIS SEGMENT IS NOT CURVED.
M= 0 Kip-ft

Section Properties
See separate calculations for section properties.

btf = 36 in t{f = 2.75 in
Py = 38 in te= 275 . in
Condition Sy Spr Sy i S bt
(in%) (in%) (in°) (in°)
Non-Composite 10562 10890 594 662

Flange Stresses
Calculate stresses due to vertical bending and lateral flange
bending moments.

Load fo i fo_br fi v fi o
(ksi) (si) (ksi) (Ksi)
DC_A 25.78 2477 0.00 0.00

Lateral flange bending stresses for DC_A moments are only
calculated for the slab DL. The lateral flange bending stresses
due to steel DL are included under additional stresses.

M:\jobs\49633\Techprod\Bridges\Ramp AS\RFI\Span 1 Haunches RFI\Stress Calculations_Genesis DL Stresses_Post Jacking.xls

Additional Lateral Flange Bending Stresses
Include lateral flange bending stressed due to excessive girder

tilt and errection, and overhang loading.

(a) Out-of-Plumbness:
The girder is out of plumb by 0.375" over 8' at midspan.
Estimate the lateral flange bending due eccentricity of load

placed on flange with respec to the center of the web (D/2).

e=_ 01875 in(max)

w = uniform load; estimate based on max.
Mpc_a within Span 1 (see separate
calculations).

= 5.0  Kip/ft
m,=  0.08 Kip-in/in
f| = mg bf
1301
fig= 0.00 ksi
fig= 0.00 ksi

(b) Erection:
See separate calculations.

077  Kksi
0.55  ksi

fie= [from Genesis]

fl_bf = [from Genesis]

(c) Overhang Loading
The moment on the exterior girder due to overhang bracket

loads is about:

m, on = 45 kip-ft/ft
fI = m, bf
= 1301 Kip-in
fig= 012  ksi
f|_bf = 0.13 ksi

Factored Flange Stresses (Strength I}

fub_{f = 25.78 ksi f[_(f = 1.15 ksi
fub_bf = -2477  ksi f|_bf = 0.89 ksi
10/9/2012



For Ramp A5 Job No. 49633 Sheet No. H NTB
Made by LER Checked by Backchecked by
Date 10/1/12 Date Date

STRESS CALCULATIONS - FINAL
GIRDER S - 2.000L

Vertical Moment Data
Moment data taken from BDGS output at point of maximum.
moment in the panel segment, except as noted.

Mpc a_steet = -5507 k kip-ft [from Genesis]
Moc a_other = 11188 = kip-ft [from T187 model]
Mpcg=  -1096  kip-ft
Mpw = -3291  Kip-ft
My =2 6217 kip-ft

Lateral Flange Bending Moments Due to Curvature
The lateral flange bending moments due to curvature will be
estimated per AASHTO Equ. C4.6.1.2.4b-1.

M, = M ¥
12RD
R = Girder radius at segment under consideration
= 18075 ft
D = Girder web depth
= 8 ft
| = Distance between brace points
= 0 ft
THIS SEGMENT IS NOT CURVED.
MI_DC__A = 0 klp'ft
MI_DC_B = 0 klp‘ﬁ
MI__DW = 0 kip-ft
M (= 0 kip-ft

Section Properties
See separate calculations for section properties.

Flange Stresses
Calculate stresses due to vertical bending and lateral flange

bending moments.

btf = 36 in ttf = 275 : in
b= 38  in ty= 275 in
Condition S S Sy Sy b
(in% (in% (in%) (in%)
Non-Composite 10562 10990 594 662
Composite (3n) 14839 11595
Composite (n) 23886 12227

M:\jobs\49633\Techprod\Bridges\Ramp A5\RFASpan 1 Haunches RF\Stress Calculations_Genesis DL Stresses_Post Jacking.xls

Load fo T br fiy fi bf

(ksi) (ksi) (ksi) (ksi)
DC_A 18.97 -18.23 0.00 0.00
DC_B 0.89 -1.13 0 0.00
Dw 2.66 -3.41 0 0.00
LL+ 3.12 610 0 0.00

Lateral flange bending stresses for DC_A moments are only

calculated for the slab DL. The lateral flange bending stresses
due to steel DL are included under additional stresses.

Additional Lateral Flange Bending Stresses
Include lateral flange bending stressed due to excessive girder

tilt and errection.

(a) Out-of-Plumbness:
The girder is out of plumb by 0.375" over 8' at midspan.
Estimate the lateral flange bending due eccentricity of load
placed on flange with respect to the center of the web (D/2).

e= 01875 in(max)
w = uniform load; estimate based on max.
Mpg_a Within Span 1 (see separate

calculations).

= 50  kipfft
m, = 0.08 Kip-in/in
fl = m; bf
1301
fle= 0.00  ksi
figg= 0.00  ksi

(b) Erection:
See separate calculations.

0.77 Kksi
055  ksi

fle= [from Genesis]

fi o= [from Genesis]

Factored Flange Stresses (Strength I)

foy= 3599 ksi fig=  1.01  ksi
fopr= -41.99 ksi fiw= 072 ksi
10/9/2012
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ESTIMATED GIRDER ROTATION - G5_0.55L - STEEL DL

Point X z 6_x 6 z
978 "',—4.31’94’4 ”'113.5892
979 ‘7-,‘4.3536'1 1136274 0001 -0.004

Ax= -0.03418
Az= 0.03822
I= 0.051272

phi= 0.841185 rad

6_x_ L= -0.00365 rad 6_z L= 0.001921 rad

Web Tilt=  0.35024 in



ESTIMATED GIRDER ROTATION - G5_0.55L - SLAB WEIGHT

Point X z 0_x 0_z
978  -4.31944 113.5892
979  -4.35361 113.6274  0.001  -0.007

Ax= -0.03418
Az= 0.03822
I= 0.051272

phi= 0.841185 rad
0 x L= -0.00588 rad 6_z L= 0.003921 rad

Web Tilt=  0.56493 in



ESTIMATED GIRDER ROTATION - G4_0.551. - STEEL DL

Point
978
979

phi =
0 x L=

Web Tilt =

X z 6 x 6 _z
-11.6509  107.036 | |
-12.0348 1074641  0.001  -0.004

-0.38399
0.42813

0.575102

0.839698 rad

-0.00365 rad 6_z L= 0.001926 rad

0.349965 in



ESTIMATED GIRDER ROTATION - G4_0.55L - SLAB WEIGHT

Point X z 6 x 0_z
978 -11.6509 107.036
979 -12.0348 107.4641 - 0.002 -0.006

Ax= -0.38399
Az= 0.42813
I= 0.575102

phi= 0.839698 rad

O x L= -0.0058 rad 6 z L= 0.002517 rad

Web Tilt= 0.557001 in



ESTIMATED GIRDER ROTATION - G3_0.55L - STEEL DL

Point X z 0_x 6 z
978 -12.0142 92.13705
979 -13.8591 94.4604 - 0002  -0.004
Ax = -1.8449
Az= 2323348
= 2966751

phi= 0.899681 rad

0 x_ L= -0.00438 rad 6 z L= 0.000921 rad

Web Tilt= 0.420121 in



ESTIMATED GIRDER ROTATION - G3_0.55L - SLAB WEIGHT

Point X z 0_x 0_z
978 -12.0142 92.13705
979 -13.8591 94.4604 0.003 -0.007
Ax = -1.8449
Az= 2.323348
I= 2966751

phi= 0.899681 rad

0_x_ L= -0.00735 rad 0_z_ L= 0.002004 rad

Web Tilt = 0.705371 in



Larﬂ Rolwes

From: Halterman, Joel <jhalterman@walshgroup.com>
Sent: Thursday, September 27, 2012 3:45 PM
To: Kirk Gegick (Kirk.Gegick@dot.state.oh.us)

Cc: Smaron, Timothy; David Rogowski; Larry Rolwes; Febus, Scott; Tracy, John; ‘Tom Hyland
(thomas.hyland@dot.state.oh.us)’

Subject: FW: A5 Jacking Results

Kirk —

A5 jacking looks like a success. Tim and | have had discussions with both Genesis and HNTB, and we all think thisis a
good result.

In summary (see table below):
e Girder 5 was raised 2”; this is what Genesis expected we would raise it.
e Compared to plan elevations: G5 is 2” low, G4 is 1”, and G3 is at plan. This was the anticipated result.
e Web plumb looks good; we were +2” out of plumb on G5 and are now only 3/8” out of plumb.

The plan moving forward:
e Complete screed sheets for Span 1 and send to Genesis. Will have this done by end of the day.
e Genesis will review and provide a summary of the results and confirm how the results match the submittal.
e Walsh will provide a formal submittal to HNTB for review and approval. At this time, we will also send it to the
Department.
e Hopefully, HNTB should approve and, with ODOT’s concurrence, we can close the book on A5 span 1.

We intend to move forward re-grading Span 1 and re-starting SIP formwork tomorrow.
Regards,

Joel Halterman | Project Manager

Walsh Construction Company
Cleveland Innerbelt | 2301 Scranton Road | Cleveland, Ohio 44113
Tel: (216) 452.5907 | Fax: (216) 566.9975 | Cell: (219) 608.6097

From: Halterman, Joel

Sent: Thursday, September 27, 2012 2:17 PM

To: Larry Rolwes

Cc: Smaron, Tim (tsmaron@walshgroup.com); 'David Rogowski'
Subject: A5 Jacking Results

Larry — Just lowered A5; results are as follows:

Deita from |Deita from Wweb
Before |Planbefore [ELV after |Jacking lanafter |WebTilt |Plumb
Bian Jacking |Jacking jacking  |Change acking Angle 18 1ail
Girder 3 575.04 675.02 0.02| 675.028 0.008 -0.012 89.83| 001
Girder4 675.56| 675.43 0.13] 675,483 0.053 -0.077 89.85) -0.02
Girder 3 576.08| 675.74 0.34| 675.908 0.168 -1.172 §3.73] -0n03




GEN

STRUCTURES

Genesis Structures, Inc.
104 West 9t Street, Suite 200
Kansas City, Missouri 64105

(P) 816-421-1520
(F) 816-421-1528

Cleveland Innerbelt
Ramp A5 Geometry Corrections
Supporting Calculations

August 23, 2012

Prepared for;

Walsh Construction
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October 02, 2012

Mr. Joel Halterman
Walsh Construction
2301 Scranton Road
Cleveland, Ohio 44113

RE: Ramp A5 Field Geometry Corrections

Mr. Halterman;

We have reviewed the survey results provided on 9/27/12 and are satisfied that the Ramp A5 structure geometry has

been corrected as predicted following the procedures set forth in our plans dated 8/23/12 and as modified in the field
as summarized in our e-mail of 9/24/12 (attached).

Below are the survey results provided on 9/27/12 at the 50% Span Length

Delta from Delta from Web
Before |[Plan before |[ELV after Plan after [WebTilt |[Plumb
Plan Jacking  |Jacking Jacking Jacking Angle {8'tail}
Girder 3 575.04 675.02 0.02] 675.028 -0.012 89.5{ -0.01
Girderd 675.56 675.43 0.13] 675.483 0,077 89.85] -0.02
Girder 5 676.08 575.74 0.34] 675.508 0.172 89.75] -0.03

The values provided above indicate the predicted vertical corrections were achieved within satisfactory tolerances for
the type of work performed (within 1/16” at G5, within 1/8” at G4 and within 1/16" at G3). In addition, the webs now
appear to be almost vertical as predicted, again well within acceptable tolerances.

We have also included a “before” and “after” survey comparison of the projected haunches. Based on the

corrections seen, it appears that the girders are currently positioned so that the maximum haunch depth at Girder 5 is
2 %" (down from 4 3/8") and the maximum haunch depth at Girder 4 is effectively 1" (down from 1 %").

Most importantly, with the field corrections matching the predicted theoretical corrections, we are satisfied that the
girder flange stress reductions as reported in our correction calculations dated 8/23/12 have been met.

DAVID M.
ROGOWSK!
E-606997




Geometry Corrections for Critical Girders (G4 & G5)

Ramp A5 - Girder5 - Span 1 (in) Ramp A5 - Girder4 - Span 1 (in)
Before After Correction Before After Correction
Haunch | Haunch Haunch | Haunch

CL Brg [Rr] -0.14 0.00 -0.14 CL Brg [Rr] -0.13 0.04 -0.17
0.05 0.82 0.60 0.22 0.05 0.00 0.09 -0.09
0.10 1.74 1.09 0.65 0.10 0.12 NA NA
0.15 2.77 1.75 1.02 0.15 0.93 0.62 0.31
0.20 2.38 1.21 1.17 0.20 1.04 0.78 0.26
0.25 3.78 2.33 1.46 0.25 1.35 0.89 0.46
0.30 421 | (247 .73 030 159 | (102> | o056
0.35 4.34 2.40 1.94 0.35 1.70 1.01 0.69
040 | (43| 228 2.08 040 | (76> | 0% | 080
0.45 4.24 2.19 2.05 0.45 1.73 0.96 0.77
0.50 4.08 1.99 2.03 0.50 1.58 0.89 0.69
0.55 3.75 1.80 1.95 0.55 1.54 0.68 0.86
0.60 3.43 1.61 1.82 0.60 1.19 0.61 0.58
0.65 2.93 1.42 1.51 0.65 1.27 0.59 0.68
0.70 2.18 0.94 1.24 0.70 1.24 0.62 0.61
0.75 2.05 1.05 1.00 0.75 0.96 0.47 0.49
0.80 1.70 1.05 0.65 0.80 0.94 0.42 0.52
0.85 1.22 0.66 " 0.56 0.85 0.61 0.24 0.37
0.90 1.04 0.63 0.41 0.90 0.46 0.19 0.27
0.95 0.77 0.52 0.25 0.95 0.49 0.32 017

CL Brg [P1] 0.53 0.42 0.11 CL Brg [P1] 0.32 0.42 -0.10

"Before Haunch" = before geometry corrections "Before Haunch" = before geometry corrections

"After Haunch" = after geometry corrections "After Haunch" = after geometry corrections



David Rogowski

From: David Rogowski

Sent: Monday, September 24, 2012 7:38 AM

To: ‘Halterman, Joel'

Cc: 'Fischer, Jason'; Cooper, Scott; Imatchulat@genesisstructures.com
Subject: Ramp A5

Tracking; Recipient Delivery

‘Halterman, Joel'

‘Fischer, Jason'

Cooper, Scott

Imatchulat@genesisstructures.com Delivered: 9/24/2012 7:38 AM

Joel,
Just wanted to give you an update on what we authorized over the weekend.
On Saturday, the guys were jacking the girders for the final position before removing bolts between Girder G4 and G5.

1) Initial Survey shots before jacking
a. G3=605.834
b. G4=606.224
c. G5=606547
2) Survey when jacks reached noted loads in our erection correction procedure
a. G3=605.897 (+3/4") ... jack load at 80 kips
b. G4=606.327 (+1 %”) ..... jack load at 70 kips
c. G5=606.682 (+15/8")..... jack load at 115 kips
d. Note that we experienced some settlement in the mats and had to reset the jacks to allow for more
.stroke
3) Survey when we locked down jacks and started removing bolts in cross-frames between G4 & G5
a. G3=605.952 (+1.3/8").....jack load at 80 kips
b. G4 =606.446 (+2 5/8") .....jack load at 110 kips
c. G5=606.882 (+4”7) ..... jack load at 195 kips
d. Note that we did not opt to lower G4 and G3 because this would have put too much load on G5 and we
were getting close to max’ing those towers out
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