TRIAL DESIGN BRIDGE DESCRIPTION

State: Tennessee

Trial Design Designation: TN-2

Bridge Name: SR-385 over Bailey Station Road

Superstructure Type: Continuous, steel welded plate girders, composite concrete deck

Span Length(s): Three spans @ 105ft.-216ft.-105ft.

Substructure Type: Three 3.5ft. dia. concrete columns per bent

Foundation: Prestressed concrete friction piles

Abutments: Integral on prestressed friction piles

Seismic Design Category (SDC):”C”

Additional Description (Optional): A pushover analysis was conducted on one of the

bents of this bridge. The pushover analysis included structure stiffness

modifications to account for P-Delia effects.
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Pushover Analysis Example
Tennessee DOT

A pushover analysis was performed on a bridge bent. Section analysis of members was
accomplished using KSU_RC for the columns and RESPONSE2000 for the beams. All
other calculations were done by hand.
P-Delta effects were considered by modifying the structure stiffness accordingly.
Two separate conditions were studied:

1. Simultaneous hinging of all 3 bent columns

2. Progressive hinging of the 3 bent columns

The results are summarized below.

Condition Simultaneous Hinging Progressive Hinging
Bent V, kips Bent 9, in. Bent V, kips Bent §, in.
Hinging at leeward 780 1.80 709 1.64
column
Hinging at center 780 1.80 782 2,18
column
Hinging at windward 780 1.80 800 2.58
column
Collapse 780 8.14 800 7.39
Pushover Analysis
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Fitted

P M,/ &, M,/ G,
200 148,325,359 160,409,731
500 189,265,637 194,295,388
700 219,135,802 216,885,826
3900 248,322 148 239,476,264
1160 269,503,546 262,066,702
1300 294,776,119 284,657,140
1500 312,977,099 307,247,578
2000 346,456,693 363,723,673

11205219 137,819,293

Fitted
= M, M,
200 31,000 31,515
500 33,500 33,659
700 35,500 35,104
900 37.000 36,540
1100 38,000 37.976
1300 39,500 39,412
1500 41,000 40,847
2000 44,000 44,437
7.18 30,079
Fitted
P Py by

200 0.000208  0.000190
500 0.000177 0.000177
700 0.000182 0.000168
900 0.00014%  0.000159
1100 0.000141 0.000150
1300 0.000134  0.000142
1500 0.000181 0.000133
2000 0.000127  0.000111

-4.418E-08  0.0001599

Fitted
P du
200 0.00172 0.00166
500 0.00154 0.00155
700 0.00145 0.00147
800 0.00137 0.60140
1100 0.00130 0.00132
1300 0.00123 0.00125
1500 0.00117 0.00118
2000 0.00104 0.00099
-3.702E-07  G.00173
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KSU_RC Input screen

Moment Cuivature, Force Dellection
and Interaction Analysis of
Reinforced Concrete Members.
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Note that the input Length is 129™

L=

21.5%12

=129"

This will be the case whenever rigid-frame behavior is assumed with contra-flexure at
mid-height of the columns. Essentially, this will be our assumption for transverse analysis

of multi-post bents.

As a result, the calculated deflections should be multiplies by 2 to obtain yield
displacements and ultimate displacements. This is true since what we are calculating is
the deflection between the contra-flexure point and the maximum point. For rigid frame
behavior with contra-flexure at mid-height, we have this much deflection (a) between the
column base and mid-height and (b) between mid-height and the top of the column. This
gives a total displacement of twice the calculated deflection.




Force-Deflection for the case of FIRED Axial Load
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Assumed

Viora = {fSQ@X kips
p—
Ag = 0.93 inches
Pi= 202
P.= 641
P;= 1,080
{(EDeee 159,486,104 0.257
(Eberro 206,665,898 0.333
{(EDcre g 253,845,692 0.409
(EDereror 619,997,694 1.000
V= 207
Vg = 330
VioTar = 806
Column M, in-Kips M, in-kips /M
1 31,529 26,934 0.854
2 34,688 35,254 }.@ 6
3 37,846 43,575 {1151}
e
) Pt
Revised VE‘OTég = iﬁi};



Assumed

Vigrae = zjg_? kips
As = 0.81 inches
Py= 260
2= 841
Py= 1,023
(Eleres 165,690,891 0.267
(Ebgers 206,665,898 0.333
{(EDeres 247 640,906 0.399
{(EDgreto7 819,997 694 1.000
Vo= 233
Vo= 280
VioraL = 700
Column M,, in-kips M, in-kips
1 31,845 24,342
2 34,688 30,618
3 37,431 36,894

Revised \f}gg‘gi

i

N



Assumed

VioraL = kips
Ay = 0.82 inches
Py= 254
Py = 641
?3 = 1 ?{}23
(Elyere 165,105,533 0.266
(EDerra2 206,665,898 0.333
(EDerrs 248,226,263 0.400
(EDerrror 619,997,694 1.000
V= 189
X o= 237
Vg = 284
VroTaL = 710
Column M, in-Kips M, in-kips MM,
1 31,906 24,599 0.771
2 34,688 31,055
3 37,470 37,512

Revised VTGTAL =

fiyﬁm
L 70



Assumed
V?G?Ai =

(Elgre.
(EDerro

(EDerra

0.82

255
641
1,027

165,164,069
206,665,898
248,167,727

0.266
0.333
0.400

{EE}EFK"Q?

V=
\v‘!g =
\153 -

619,997,694

189
236
284

1.000

VioTar =

Column

709

M, in-kips

M, in-kips

MM

31,810
34,688
37,466

24573
31.012
37.450

Rgiﬁsed V}rg}g’gl‘ =

0.770
0.894
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PHASE li: After hinges form in column 43
initial conditions:
Column M, ink P, kips vV, kips o, in’
3 24573 255 189 0.000145
2 31012 641 236 0.000153
3 37450 1027 284 G.000154

A= 0.82 inches
V= 7059 Kips TRy = 1,823

Assumed A= 027 inches

Assumed AV;= = 590  Kips
Pi+0P, = 85271  kips
Pi+oP+P+0P. = 1,070.29  kips
{(P.olave = 53514 kips
{Ei}gsg,}”ﬁ:}? = 3858@2'38? Ri;}-iﬁz
oV = 72.80 kips
V+8V= 78180 Kips
Vi+0V+Vot+r8Vo= 40869 kips
P+dP, = 0.18 kips
P,+6P,=  1,070.11  kips
(EDgres = 137,838,517 Kip-in
(Elgres = 252,754 458
(Ebjer

p-in” FA N -~ §
-4,729,988 kip-in® = 1.09"7
385,862,987 kip-in°
VitV = 21500 kips
Vo+oVo= 28369  kips
Va+dVa=] 28311  [kips
78180  kips

1 l

M.+6M;= 27,736 Mps= 30,080 o2z
MotoM,= 37,762 Mp, = 37,762 1.000

& F = f
: s
- e .
e = 2. 2 2 SR Y . L YV Y VL
—z -S4 YF L DL 28T RALIAANS
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