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5.1.9.3 and 5.1.9.4 Seismic Retrofit Example No. 1 (Phase 1)

Proposed Retrofit:

Longitudinal: Restrainer cables at interior bents.

Seat extensions, if required, at end bents.

Transverse: Shear lugs at interior and end hents.

Longitudinal Procedure:

Sheet

15

16-17

18

19-24

19-24

25

Step

Procedure/Description
Structure plans.
Calculate superstructure dead load for each bent.

Calculate plastic moment capacities for columns and the connection
forces required to develop this moment. Do this for each interior
bent. Conservatively assume there is sufficient column ductility to
develop the full plastic moment.

Design connections for superstructure to substructure at bents with
only the deck continuous over the bent (interior bents).

Compute substructure stiffness coefficients. Consider connection
flexibility of step 3 design along with column stiffness and footing
springs (if appropriate) for the interior bents. Consider soil at
one end bent.

Compute other substructure capacities (column plastic moments
already done in step 2). Include connection forces required to
induce soil failure beneath footings and the capacity of one end
bent's soil.

Plot the force/deflection relationship--include capacity limitations
also.

Compute the end bent deflection. Use dynamic loading from a
single-mode analysis--assume a final force and deflection to determine
the oscillator's eguivalent stiffness; calculate the period and
resulting response coefficient; calculate the dynamic force and plot it
on the force-deflection curve; review the stiffness, period, response
coefficient and dynamic loading to wverify the force and deflection are
consistent for the oscillator model; recycle through this process as
needed for closure.

Compute specification value for required seat length at end bents.



25

10.

February 7, 1994 Page 2
John Kalvelage and Steve Starkey

Use the larger deflection from step 7 multiplied by 4, or step 8,and
compare to the available seat length after reducing it for creep,
shrinkage and temperature.

Provide seat extensions if required.

Transverse Procedure:

Sheet

26-27

28

29

Step

1.

Procedure/Description

Calculate additional plastic moment capacities for interior bent
crossbeams.

Calculate connection forces to form a failure mechanism (typical
each bent) .

Use these forces, prorated to back and ahead side of bent by dead
load ratios, to design force restrainers.

Design similar force restrainers at the end bents using forces of
2.5 x A x (supported dead load).
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* k ok ok k Kk % ULTCOL * ok ok ok ok ok %k

* CONCRETE COLUMN STRENGTH

* OSHD BRIDGE DESIGN SECTION

* VERSION 2, MOD 1, JUNE 1983

* k ok ok % Kk %k ULTCOL * ok ok ok ok ok ok

PROBLEM 1

BR. 9351A BARTON ROAD UXING STARKEY 1-31-94
BENTS 2, 3, AND 4 COLUMN
RUN AT 09:54:24 ON 01/31/94

(SKSULCA)

PAGE
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PROBLEM 1 PAGE
BR. 9351A BARTON ROAD UXING STARKEY 1-31-94 (SKSULCA)
BENTS 2. 3. AND 4 COLUMN
RUN AT 09:54:24 ON 01/31/%4

CONCRETE 3.3

CIRCULAR 36.
REINFORCING 40.
CIRCULAR 8 1.27 29.6
PRINT

* k k k k k k k kx k kx % BASICSECTIONDATA * k k k kX X k k¥ k¥ *x Kk %

FOR 3.3 KSI CONCRETE WITH USABLE STRAIN = .00300
EQUIV. RECT. STRESS RATIO (K) = .850 AND DEPTH RATIO (A/C) = .850

COLUMN IS  36.0 IN BY 36.0 IN WITH GROSS AREA = 1013.7 IN2
CGC AT X = .0 Y = .0

FOR 40.0 KSI REINFORCING WITH E =  29000.0 KSI
TOTAL AREA OF 8 BARS = 10.2 IN2 (= .010 OF CONCRETE AREA)
CGR AT X = .0 Y= .0



COOR

1D

O B N

10
11
12
13

14
15
16
17
18

19
20
21
22
23

24
25
26
27
28

29
30

BR. 9351A BARTON ROAD UXING STARKEY 1-31-94
BENTS 2, 3, AND 4 COLUMN

RUN AT 09:54:24 ON 01/31/94

DINATES

- - CONCRETE

X

o U N

10

12.
14.
16.

17.
17.
18.
17.
17.

16.
14.
12.
10.
.17

-17.
-17.

.00
.82
.56
17
.58

73
56
04

12
78
00
78
12

04
56
73
58

.56
.82
.00
.82
.56

17
.58
.73
.56
.04

12
78

18.
17.
17.
16.
14.

12.
10.
17

-17.
-17.
-18.
-17.
-17.

00
78
12
04
56

73
58

.56
.82
.00
.82
.56

.17
.58
73
.56
.04

12
78
00
78
12

.04
-14.
73
.58
.17

56

.56
.82

oo N

10.
14.
10.

-10

-14.
-10.

PROBLEM 1
(SKSULCA)

REINFORCING - - - - - -
Y AREA

00  14.80  1.270
47 10.47  1.270

80 00 1.270

47 -10.47  1.270

00 -14.80  1.270
47 -10.47  1.270
80 00 1.270

47 10.47  1.270

PAGE

2



31
32
33

35
36
37
38

39
40
41

PHI

18.00
17.78
17.12

16.04
14.56
12.73
10.58
-8.17

-5.56

-2.82

1.30

INTER 1

LINE

0.0

.00

1.30
8-#10°

10.
12.
14.
16.

17.
17.
18.

.00
.82
.56



BR. 9351A BARTON ROAD UXING STARKEY 1-31-94
BENTS 2. 3. AND 4 COLUMN

RUN AT 09:54:24 ON 01/31/94

INTERACTION DIAGRAM
STEP 1 :
REINFORCING RATIO =
STRENGTH REDUCTION FACTORS (SRF) : 1.300 AXIAL.

220.
441 .
660.
881.

1102.
1321,
11543,
1763.
1983.

2203.
2422.
2647 .
2867 .
3086.

3306.
3528.
3746.
3966.
4184.

FINISH

*

*

*x 0k

NEUTRAL AXIS PHI =
.010

W WO w s~ U, [S2 IS = SNe i o) WNe]

w0 O o~ P

MXX

628.
838.
1030.
1196.
1316.

1407.
1476.
1525.
1537.
1514.

1466.
1397.
1307.
1199.
1071.

919.
737.
521.
269.
.62

END OF INPUT FILE

1 - 8-#10

41
89
83
79
94

88
71
39
77
31

73
06
32
51
19

25
06
59
22

0. DEGREES

MYY

.00
.00
.00
.00
.00

.00
.00
.00
.00
.00

.00
.00
.00
.00
.00

.00
.00
.00
.00
.00

*

1 PROBLEM(S) ANALYZED THIS RUN

*

*

*

SRF

— o — o e — o e

= o b=

.30
.30
.30
.30
.30

.30
.30
.30
.30
.30

.30
.30
.30
.30
.30

.30
.30
.30
.30
.30

PROBLEM
(SKSULCA)

1.300 BENDING

1

PAGE

3
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