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ABSTRAcr

This document presents the user's manual for two computer

programs for the nonlinear analysis of highway bridges subjected to

horizontal forces. The programs are called IS~nAB and SIBA. The

former was developed in FORTRAN IV on a CYBER 730 mainframe and

performs a variety of tasks ranging from static to earthquake analysis

of bridges. The latter consists of a package ·of three programs which

were developed in BASIC on a Commodore 64. The SIBA package is for

only static nonlinear analysis of bridges and for the related graphi

cal displays.
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DIOCLAIMER

Every effort was made to check the prog rams descr ibed in this

report. The authors, however, do not assume any responsibility for

the computer results and their applications.
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PARI' ONE

USER I S MANUAL FOR ISADAB

1.1 INrRCDUcrION

static analysis,

Free-vibration analysis for initial displacements caused by

static loads,

(c) Frequency analysis based on instantaneous stiffness during

static loading, and

(d) Earthquake response analysis.

The technical background for the above analyses is provided in

Ref. 1. The purpose of this report is to instruct users about input

preparations. The authors assume no responsibility for the computer

results although the program has been checked for many example cases

and reasonable results have been obtained.

Features (b) and (d) include the storage of nodal displacement

and acceleration histories on temporary files which are then used for

plotting. The plotting program which is used to obtain graphs

utilizes subroutines from the NCAR (National Center for Atmospheric

Research) library. Because graphics programs are highly machine

de~dent, the plotting program has not been discussed in this manual.

Program ISADAB was developed for transverse inelastic analysis of

highway bridges. The following tasks can be carried out by the

program:

(a)

(b)

1.2 GENERAL SCOPE

Limits on different variables are specified in section 1.3 where

the variables appear. The following general limitations apply to the
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program:

(a) The bridge is analyzed only in the transverse direction;

(b) No intennediate hinges are allowed;

(c) Only single-column piers are permitted;

(d) The bridge has to be straight or nearly straight; and

(e) In the case of earthquake response analysis, the input

ground acceleration is assumed to be the same at all the

pier and abutment foundations.

1.3 THE DATA PREPARATION PROCEDURE

Project~ (BAlO>

COLUMN NJ: 1-80
NJI'ATION: PRJ
LIMIT: 80 Characters
COMMENTS: The title of the bridge and/or project is provided on

this card. The title may consist of any combination of numerical
values and upper-case alphabetic sYmbols. The data on this card will
apt:ear in the front page of the output.

2. units (BAlO)

COLUMN NJ: 1-80
NJI'ATION: Unit
LIMIT: 80 Characters
COMMENTS: This card allows the user to specify the units being

used. All the input data should have consistent units. The output will
have the same units as the input. The units involved are for force,
length, and time.

3. General Information (3FI0.4)

COLUMN NJ:
NOI'ATION:
LIMIT:
COMMENI'S:

COLUMN NJ:
NJI'ATION:
LIMIT:
COMMENI'S:

1-10
E: Modulus of elasticity of concrete

11-20
G: Shear IOOdulus of concrete



CX>LUMN NO:
WI'ATION:
LIMIT:
CX>MMENI'S:

21-30
GA.: Gravity acceleration

3

4. structural Infornation (12I5)

CX>LUMN NO: 1-5
NJI'ATION: NSPN: Nunber of spans in the bridge
LIMIT: 10
COMMENl'S:

CX>LUMN NO: 6-10
WI'ATION: NJX!{: Nunber of deck flexural types
LIMIT: 5
CX>MMENTS: Each deck section presents one flexural type. A bridge

with the same section in all spans has only one deck flexural type even
though the span lengths may vary from one span to another.

CX>LUMN NO:
WI'ATION:
LIMIT: 5
COMMENI'S:

11-15
NPR: Number of pier flexural types

CX>LUMN NO: 16-20
WI'ATION: NSPP: Nunber of pile springs
LIMIT: 10
COMMENTS: Each pile foundation has one translational and one

rotational spring. In some bridges, the stiffness for different pile
foundations may be the same. In such cases, only two foundation springs
need to be specified (one translational anQ one rotational).

COLUMN NO: 21-25
WI'ATION: rG): Nurrber of deck geometry types
LIMIT: 5
COMMENTS: The span length may change in different spans of the

bridge. NGD specifies the total number of deck length types in the
bridge.

CX>LUMN NO: 26-30
WI'ATION: NID: Nunber of load increment sets
LIMIT:
COMMENTS: Used in static, free-vibration, or eigen value

analyses. Each load increment set presents all the load increments
that are applied on the bridge simultaneously.
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COLUMN NO: 31-35
IDrATION: NLT: Number of load increment groups
LIMIT: 0 through 3
CCMMENl'S: 0 - each load increment set is different

1 - all load increment sets are equal
2 - the loads within each NLD/2 increment set are

equal

equal
3 - the loads within each NLD/3 increment set are

36-40
NSKP: Nmnber of loads to be skipp:d in the output

COLUMN NO:
WI'ATION:
LIMIT:
COMMENTS: Used in static, free-vibration or eigen value

analyses. The out put for the first and last load increments will
always be printed on the output file regardless of NSKP. Note that
the analysis is carried out for all the load increments regardless of
the value of NSKP.

COLUMN NO: 41-45
NOTATION: IPD: Index to specify if the P-delta effect should be

included in the analysis
LIMIT:
COMMENTS: 0 - ignore P-delta effect

1 - include P-delta effect

COLUMN NO:
WI'ATION:
LIMIT:
COMMENTS:

46-50
NUl': Index to sJ;€cify contents of output

o - output contains input and output information
1 - output contains input information only

COLUMN NO: 51-55
WI'ATION: IEL: Index to sJ;€cify if all of the abutment springs

are to remain elastic
LIMIT: 0-1
COMMENTS: 0 - abutment springs are inelastic

1 - abutment springs remain elastic
Note that the spring rotating about the bridge longi

tudinal axis is always treated as an elastic spring regardless of IEL.

COLUMN ID:
NOTATION:
LIMIT:
COMMENTS:

56-60
M:OEX: Index to sI;:ecify programs made of execution

1 - static analysis
2- static and free-vibration analysis
3 - simultaneous static and eigen value analysis
4 - earthquake response analysis

5. ~ Vibration~

If the program is to execute a static and free-vibration analysis
(MODEX = 2) then two data cards need to be inserted at this point. If
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MODEX # 2 skip this section of input. Plotting information is written
on temporary files TAPES 3 and 4.

6. Free-Vibration Information (2I5,4FIO.0)

COLUMN NO: 1-5
roI'ATION: NPS: Ntmi:>er of response points per second for plotting
LIMIT: -
COMMENTS: Good plot resolution requires 40 to 60 points per

second.

COLUMN NO: 6-10
NOl'ATION: NPD: Number of horizontal degrees of freedom for

which displacement and acceleration plots are desired
LIMIT: 2 x NSPN
COMMENI'S:

COLUMN NO: 11-20
roI'ATION: DRI'N: Duration of free-vibration analysis
LIMIT:
COMMENl'S:

COLUMN NO: 21-30
roI'ATION: DT: Tine step for numerical integration
LIMIT:
COMMENTS: In order to satisfy convergence and stability require

ments, DT should be about 1/20 to 1/10 of the shortest I:eriod of vibra
tion of the system.

COLUMN 00: 31-40
roI'ATION: DM: Mass damping coefficient
LIMIT: -
COMMENl'S: DM = 2 wlw2 (5 Z Wl- 51 (2) / (wf - w~ )
where $ 1 and S2 = the dampmg ratlo for the first 2 roodes

w~ and w2 = the circular frequencies for the first 2 modes of
vibration

COLUMN NO: 41-50
NOl'ATION: DS: Stiffness damping coefficient
LIMIT: - ~ 2 2
COMMENl'S: DS = 2 ( 51wl - '2( 2) / (WI -0J2)

7 • ~~~ Plotted (lOIS)

COLUMN NO:
NOl'ATION:

generated
LIMIT:
COMMENI'S:

1-5, 6-10, 11-15, ••••46-50
IDD(i): Horizontal DOFS for which plots are to be
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8. Weight at Eadl~ (SFlO.4)

COLUMN 00: 1-10, 11-20, ••••71-80
rorATION: W!'U): Weight of the ith OOF
LIMIT:
COMMENTS: WT(1) is typed in the first 10 columns, WT(2) is typed

in the second 10 columns and so on.

9. ~ section Properties (3FlO.4)

COLUMN 00: 1-10
NOTAXION: A!(i): Moment of inertia about the centroidal vertical axis
for the ith deck flexural type

LIMIT:
COMMENI'S:

COLUMN 00: 11-20
WI'ATION: AJ(i): Torsional inertia for the ith deck flexural type
LIMIT:
<X>MMENI'S:

COLUMN 00: 21-30
NOTATION: AS(i): Horizontal shear area of the ith deck flexural

type
LIMIT:
COMMENl'S:

10. ~ Flexural Properties

Two lines are needed for each pier flexural type, line (a) followed
by card (b)

(a) ~ section gog Length Prqperties (7FlO.4)

COLUMN 1'0:
NOTATION:

base
LIMIT:
COMMENl'S:

1-10
BIU,l): Moment of inertia of pier type i near the

Moment of inertia of pier type i elsewhere
11-20

BI(1,2):
COLUMN 00:
rorATION:
LIMIT:
<X>MMENI'S:

COLUMN 00: 21-30
rorATION: &J( i): Torsional inertia of pier type i
LIMIT:
COMMENl'S:
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COLUMN NO: 31-40
WI'ATION: BS(i): Shear area of pier type i
LIMIT:
COMMENl'S:

COLUMN 00: 51-60
WI'ATION: TT(i): Total length of pier type i
LIMIT:
COMMENl'S:

COLUMN NO:61-70
N:1rATION: EB (i) : Length of weak section at base of pier type i
LIMIT:
COMMENl'S: This parameter presents the length of plastic hinge near

the column base. In pinned columns, the plastic hinge is concentrated
over the height of the pin (usually a very short distance). In columns
with no pinned detail at the base, EB should be set equal to one-half of
the effective depth of the colll11U1 section.

(b) Flexural Prqperties (8FI0.4)

COLUMN 00: 1-10
NOrATION: CRM(i) : Cracking moment at the base of pier type i
LIMIT:
COMMENl'S: -

COLUMN NO: 11-20
N:1rATION: YIM(i): Yielding moment at the base of pier type i
LIMIT:
COMMENl'S:

COLUMN NO: 21-30
Wl'ATION: ULM (i) : Moment at a point beyond the yield point of the

primary curve of pier type i
LIMIT:
COMMENTS: This value is used only to calculate the slope of the

post-yielding segment of the moment-curvature diagram; it does not
impose any limit on the resistance of the member.

COLUMN NO: 31-40
N:1rATION: YIC(i): Yield curvature at the base of pier type i
LIMIT:
COMMENl'S:

COLUMN 00: 41-50
Wl'ATION: ULC (i): curvature at a point beyond the yield point of

the primary curve for the base of pier type i
LIMIT: -
COMMENl'S: The curvature must be the value of curvature correspond

ing to ULM (i)
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COLUMN NO: 51-60
NOTATION: SC(i): unit length rotation due to bond slip corre

sponding to the cracking moment
LIMIT:
COMMENTS: Procedure to calculate rotations due to bond slip is

described in Ref. 2.

CDLUMN NO: 61-70
NOTATION: SY(i): unit length rotation due to bond slip corre

sponding to the yield moment
LIMIT:
CDMMENI'S:

CDLUMN ID:
NOTATION:

sponding to ULM
LIMIT:
CDMMENI'S:

71-80
SLI (i):
(i)

unit length rotation due to bond slip corre-

11. ~ spring Properties (6FlO.4)

Each pile foundation is idealized by one translational and one
rotational spring. These springs are uncoupled. This section of input
provides the primary curves associated with each foundation spring U
line per spring). A trilinear primary curve is used. The curve has to
be concave down. see Fig. 2.1.

CDLUMN ID: 1-10
Wl'ATION: eRr-Hi) : force/Iroment at break-point 1 for pile spring i
LIMIT:
COMMENI'S:

CDLUMN NO: 11-20
Wl'ATION: YIM(i): force/moment at break-point 2 for pile spring i
LIMIT:
COMMENl'S:

CDLUMN NO: 21-30
Wl'ATION: UIl-Hi): force/Iroment at break-point 3 for pile spring i
LIMIT:
CDMMENTS: This point is used only to calculate slope of the last

branch. It imposes no limit on the resistance of the spring.

CDLUMN NO:
Wl'ATION:

spring i
LIMIT:
CDMMENI'S:

31-40
OC(i> : displacement/rotation at break-point 1 for pile
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displacement/rotation corresponding to ULM(i)
51-60

ULC(U:

COLUMN NO: 41-50
NOl'ATION: DY(i): displacement/rotation of break-point 2 for pile

spring i
LIMIT:
COMMENl'S:

COLUMN NO:
NOl'ATION:
LIMIT:
COMMENI'S:

12s Abutment S1>ring Stiffnesses (3FlO.4)

Three cards are needed to define the initial stiffness of the three
abutment springs.

COLUMN NO: 1-10
NOTATION: PI (i): force/moment corresp:>nding to initial tangent

stiffness of spring i
LIMIT:
COMMENI'S:

COLUMN NO: 11-20
NOTATION: Rl (i): displacement/rotation corresp:>nding to initial

tangent stiffness of spring i
LIMIT:
COMMENTS: PI (i) and Rl(i) corresp:>nd to the force and deformation

coordinates of point A in Fig. 2.12 in Ref. 1,
i = 1 corresp:>nds to the translational abutment spring.
i = 2 corresponds to the rotational abutment spring

restraining deformations about the longitudinal axis of the bridge.
(This spring remains elastic).

i = 3 corresponds to the rotational abutment spring
restraining deformations about a vertical aXis at the abutment.

13. Ramberg Osgood Parameter (3FIO.0)

1-10, 11-20, 21-30
GAM (i): The gamrra factor for abutnent spring i

COLUMN NO:
NOl'ATION:
LIMIT:
COMMENTS: This parameter is used to control the shape of the

Rarnberg-osgood force-deformation curve. Its effect is discussed in Ref.
1.

14. TYPical~ Element Lengths (8FlO.4)

COLUMN NO: 1-10, 11-20. 11.1171-80
NOl'ATION: TYPI' (i) : length of deck geometry type i
LIMIT:
COMMENTS: The length of each of the NGD geometry types must be

input on this line.
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15. Member Flexural Characteristics {16I5}

COLUMN NO: 1-5, 6-10, 11-15•••••••76-80
NOTATION: IFC(i): flexural characteristics of deck or pier member i
LIMIT:
COMMENl'S: The flexural type of each deck and pier member must be

identified. The member numbering starts with 1 for the deck element at
the left end of the bridge and proceeds chronologically alternating
between deck and pier elements and eooing with the deck element at the
opposite end of the bridge (Fig. 2.2).

16. Member Geomet(Y Characteristics (1615)

COLUMN NO: 1-5, 6-10, 11-15•••••76-80
roI'ATION: IGC(i): geometry type of deck nernber i
LIMIT:
COMMENl'S: The geometry type of the i th deck member starting from

one end of the bridge and spanning to the other end are given here.

17. qpring Characteristics (1615)

1-5, 6-10, 11-15••••••76-80
ISP(i); spring characteristics of spring i

COLUMN NO:
roI'ATION:
LIMIT:
COMMENl'S: Springs 1 and 4 restrain translation at each abutment.

Springs 2 and 5 restrain rotation about the deck axis at
each abutment (these springs remain elastic).

Springs 3 and 6 restrain rotation about a vertical axis
at each abutment.

The spring numbering proceeds with 7 and 8 which
restrain translation and rotation, respectively, of the foundation of
pier 1 followed by 9 and 10 which restrain translation and rotation,
respectively, of the foundation of piers 2 and so on (Fig. 2.3). The
spring types begin with 1 as the first pile spring property card and
proceed chronologically to the last of the abutment spring stiffness
cards.

18. LQgd Incremmts (8FIO.0)

Skip this part if MODEX = 1, 2, or 3. The values of nodal load
increments are provided in this section. The i th value within each
load increment set is assumed to act at node i. The node number ing
scheme is shown in Fig. 2.2 (see PARr TWO of this report). Enter zero
for nodes without loads.

EARTHQUAKE ANALYSIS DATA: If the program is to execute an earthquake
response analysis (MODEX=4), the earthquake
analysis data must be added at this point of
the data file. If MOOEX;e4, skip this section
of input.
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19. Earthgyake Infornation (BAlO)

COLUMN NO: 1-80
W!'ATION: ENAM: title of the earthquake
LIMIT:
COMMENTS: This card can contain alpha-numeric characters and

should describe the earthquake and its intensity.

20. Earthquake Analysis COntrol InfOrmation (415)

1-5
NPTS: number of points in the digitized earthquake

COLUMN I'D:
NOTATION:

record
LIMIT: 1600
mMMENI'S:

6-10
NPS: nurrber of resI;X>nse I;X>ints to be saved per second

COLUMN I'D:
NOTATION:
LIMIT:
COMMENl'S: This parameter controls the number of resI;X>nse I;X>ints to

be saved per second as well as the number of times the response is
checked for new maxima each second. Typical values of NPS range from
40-60 and are related to the fundamental period of the structure.

11-15
NCYC: the frequency of changing stiffness

COLUMN NO:
W!'ATION:
LIMIT:
COMMENl'S: Because small time steps are used in the analysis, the

changes in the structural stiffness from one step to the next may be
insignificant. Furthermore, reconstruction of the structural stiffness
matrix at all time steps is costly and inefficient. Therefore, stiff
ness is changed once at every NCYC time step. Experience indicates that
the stiffness matrix should be updated about 100 times each second.

index to specify if plots are desired
16-20

IPLOl':
COLUMN I'D:
NOTATION:
LIMIT:
COMMENl'S: o - no plots desired

1 - plots are desired - plotting information is written
on temporary files (TArnS 3, 4, and 7). .

21. Earthgyake Analysis InfOrmation (7FIO.4)

COLUMN I'D: 1-10
NOTATION: DTAL: tine interval of base acceleration data
LIMIT:
COMMENl'S:

COLUMN NO:
NOTATION:
LIMIT:
COMMENl'S:

11-20
DT: Tine step for nUIterical integration

same as DT in free-vibration analysis
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COLUMN 00: 21-30
Wl'ATION: AC01: Factor to normalize the base acceleration
LIMIT:
COMMENI'S:

COLUMN NO: 31-40
Wl'ATION: TM: Factor to scale the time axis of the base accelera

tion
LIMIT:
COMMENl'S: If no change in the tim: axis is desired set TM : 1.0 .

COLUMN 00: 41-50
NOTATION: SUBT: Value to be subtracted from ordinates of base

acceleration points
LIMIT:
COMMENTS: SUBT is used in the program before input is scaled by

ACCM. This parameter is used to eliminate any shift in the input
earthquake relative to the tim: axis.

COLUMN NO:
NJI'ATION:
LIMIT:
COMMENI'S:

51-60
DM: Mass darrping coefficient

sam: as DM in free-vibration analysis

COLUMN NO: 61-70
Wl'ATION: DS: Stiffness damping coefficient
LIMIT:
COMMENl'S: sam: as DS in free-vibration analysis

22. Base. Acceleration Fomat Cgcl (SAlO)

COLUMN NO:
NC1l'ATION:
LIMIT:
COMMENl'S:

1-70
FRMI'(*): Format used in the input acceleration

The format needs to be enclosed in parentheses.

23. ~ Acceleration Qgtg (FRMr)

COLUMN NO: As sI;:ecified in data entry 22.
NJrATION: ErQ (*)
LIMIT:
COMMENI'S:

1.4 EXAMPLES

A five-span reinforced concrete bridge located at the Rose Creek

interchange was used to illustrate the features of program ISADAB.

The bridge was the subject of several experimental and analytical

studies which are discussed in Ref. 1. The plan view and elevation of
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the bridge are shown in Fig. 1.1. other information about the bridge

may be obtained from Ref. 1.

As pointed out in sec. 1.1, lSADAB is capable of performing four

types of analyses. The following sections present the input and

output data for these typ:s.

l.a.4...& - Static Analysis The input data for the static analysis

are the same as those used in frequency analysis except for MODEX in

data entry 4. The input data for frequency analysis are presented in

Sect. 1.4.c. the printed output for static analysis is the same as

that for the free-vibration analysis (see Sec. 1.4.b). For brevity,

the input and output for static analysis are not presented herein, and

the user is referred to Sec. 1.4.b and 1.4.c.
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1.4.b - Free-Vibration Analysis The input and output for the

free-vibration analysis of the Rose Creek bridge are shown in the

following pages. Note that the free-vibration is a result of an

initial displacement which is produced by static loads. In this

example, the static loads are applied in thirty increments. The

initial nodal displacements and accelerations before the release of

the bridge are printed after the information about the last static

load increment. The dynamic displacement and acceleration histories

are stored in temporary tapes and plotted by another program. A

sample of the plotted responses is shown in Fig. 1,2.
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1300.
2 4

5.0

56000.
198.
585.
'+QOQO.~

2.\)
626.

1 1
1 "

U.7
2.0
().3

5 0
6.0
1.0
4.0

50000.0
38.5

9931.0
2277.0

dSEC,... EEI(
\.l P5 UKH

.1122 •
:;

4()
1

300.
50

24910.
90.0

270.
nooo .0

52700000.
884700.
19580.0

1I. 0"000



PROJECT TITLE ~USECKEEK INTeRCHANGe; FREE-VIBRATION ANALYSIS;

UNITS: KIPS INCH

16

7117/135

-fffl-•.OF SPMt5--·
NO. OF NODES
NO. OF ELEMENTS

i··,mOULUS,DFE4AST ICITY
'S "EAR "ODUUJS .... ...
GRAVITY ACCELERATION
NO. OF 40AO INCREMENTS
NO. OF EQUAL LOAD GROUPS

10 .9 .
.3121E+0"t
.1300(10"
• 38b'tE +03
30

3

I-STATIC LOAOING ONLY
Z-FREE VIBRA HON
3-FREQUENCY ANALYSIS

FREE VIBRATION DATA

DURATION OF ANALYSIS .5000E+01

1 .bZbOE+03
Z .1128E+O"
3 ..,.;L,z.72E+ () "
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TYPiCAL PIER ElE~ENT OI~ENSIUNS

ELEMENT

1
2

TOTAL

.Z637E+03

.2637E+03

TOP END

.3100E+02

.3100E+02

BOTTCM (NO

.5000E+00

.5000E+00

TYPICAL ELEMENT PROPERIES

DECK ELEMENTS

MOM. OF INERTIA

1 .5270E+08

TORSIONAL INERTIA

.6345E+07

SHEAR AREA

.3690E+04

PIER ELEI1ENTS

------*11011. OF INERT.
NEAR BASE

SHEAR
AREA

.5300E-01 .Z900E+OC .1000E+01
••• •.. -oE~O\H:T--o-t-·-·----

000E;.03>;,.1480E ....02 .4Z00E-02
00 OE....O3 ~1970E~02 .3600E-02
250E+Ol
1'fd~""O-;~--'-'-~-'-'-------------

: 9540E-02

-----------,----------------

:2277E+04

2

.9000E+02 .1960E+03

:Z300E+05 .:"000E+05
.5000E+05.1020E+06
.3850E+OZ

7

1



tU:/'I£:~T NO.

l)[C!(

18

l.E.U:'!lTRY TYPE

1
2
3
4
.~

PIER

1
1
1
1
1 _..- ..._. __...-.....__._-_._-_._..... _.... _._._.. _._-_.._---

•••••••••••••••••••••••••••
LOA 0 I N G 1•••••••••••••••••••••••••••
LOAD INCREMENTS

TOTAL LOADS

DISPLACEMENTS



NUuAL ROTATIUNS

NODE ROT. ABOUT
NU~8ER HORIZ. AXIS

ROT. ABOuT
VERT. AXIS

19

1 -.1295E-03 -.2732£-04
2 -.1579E-03 -.227lE-04
) -.9968E-0't

--------------- ------.It-------.-l--339E-Q-;3--- --.-7il6.2E-Q-7--

i ~ ::I~i~~:8~ .7862E-05
I 7 -.5'02 2E-O'o
L-- ---1l .1579EE-&03-)--'---,.oiZHZH1i.-£--{)4r------ ---- -------------------

9 -.9968£-0't
10 -.1295E-03 .2732£-04

elEMENT
NUMBER

LEFT END
HORI Z. SHEAR

LEFT END
MOMENT

RIGHT END
I"OME NT

LEFT END
TORQt,;E

1069£.00
.5675E-12
.1069£+00

:21'05E+-Olt .}::':;:_'}~·~:l-tS aE+O 3
OJitE+O't --.5062E-I0

2226E+0" - .1758E+03

ABUT~ENT SPRING FORCES

SPR ING NO. 1 .2 3 4 6

FORCE/MO~. .2001E+01 -.37't6E+03 -.6503£+01 .2001E+01 -.37'o8E+03 .6503E+01

FORCES AT PIER FOOTINGS

PIER HORIZONTAL
NUMBER FOR CE

MOMENT

---~--~11----7. +'lq-01leH::E''t.'i:et-z21--~-;'-'''."''ttr5'T88-Ss_EE ••~e'lf4~---~-------~-
2 .1939E+02 -.5'o22E+04
3 .1939E+02 -.5422E+04
4 .1900E+02 -."585E+0'<
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••••••••••••••••••••••••••••
LOA 0 I N G 30

••••••••••••••••••••••••••••
LOAD INCREMENTS

OOF INCR.
1 .2000E+Ol
6 - .,6200E+01

OOF INCR. OOF I NCR.
2 .,700E+01 3 .3000£+00

-1 ·--.·]ooQE+OO -- -. il .-., 700E+01

OOF

"q
INCR.

.6200E+01

.3000E+00

OGF
:;

tt)

HiCK.

.3000E+00

.2000E+Ol

TOTAL LOADS --"..----------_._---_.__ . _ ... __ .

OOF LOAD DOF LOAD DOf LOAD DOf LOAD OOF LOAD
1 • 1200E+03 2 ...• 2810E+03 3 .2000E+02 ,. 3700E+03 5 .2000E+02

-··-·-~31~______'__7____.__rOOQE-+o_l___'_f:t-_._l_8i.OE....03---------q-.-2000E_+02-·--_tO ---.1200E-..o3··--

DISPLACEI'IENTS

9
10

-:8596E-02
-.8006E-02 .1053E-02

ELEI'IENT
NUI'IBER

LEFT END
HORIZ. SHEAR

LEFT END
1'I0l'lENT

RIGHT END
1'10 I'IE NT

LEFT END
TORQUE

•.. 2103E+04
\-.2160E-08
";.2103E+04-.

MENT

2
3
4

• 459,E+03
• ,594E+03
.2702E+03

.

.2103E+0..

.2103E+0'

.2108E+05

TOP TORQUE
~4'--=....-'=.'fl-it·iJ'4jE_.t>;-4't~-~~-

:1265E+06 -.,136E+04
.1265E+06 .,136E+0,
.53..9E+05 .8885E+04
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I' IE: R OU Cl III T If: S

PIE" NO.

1
2
3..

DUCTILITY

.119bE+Ol

.37111E+Ol

.3718E+Ol

.1196E+Ol
7

ABUT~ENT SPRING FORCES

--~SriPY.RHl·NG ......mJ.------i--·------l---.··-..........,-.3· It !) b

FORCE/I'IOI'1. .5517E+OZ 7,,23L8E.05 ..... i283E+03;,.5517E+02 -;"2318E+05 .2283E+03

FORCES AT PIER FOOTINGS

3 ... 56 ..E+03
.. .27 .. 7E+03

1 .. -.3289E+00
6 -.9193E";01

2 -.2116E+00
7 -.1 ..97E+01

3 .....01E+00
8 -.2118E+00

.. -.n93E-01
9 .4/t01E+00

5 -.H97E+Ol
10 -.3289E+00
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1.4.c - Freguency Analysis The vibration frequencies and mode

shapes of the Rose Creek bridge were calculated using ISADAB. The

calculations are made based on the instantaneous stiffness of the

system and follow the application of static loads. To determine the

initial frequencies and mode shapes of the bridge, the analysis needs

to be performed for one load increment which is sufficiently small to

avoid any nonlinearity in the system. (N::>te that some of the abutment

springs are nonlinear even for very small amplitudes. Parameter IEL

on data line four may be used to force these springs to remain

elastic.)

The Rose Creek bridge was subjected to thirty load increments,

and the frequencies and mode shapes were calculated for one in every

four load increments. The input and output are shown in the next

pages. For brevity, the output for only two load increments is shown.

Note that the frequencies have decreased from load increment one to

four indicating a reduction in the stiffness of the bridge.
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'l.~

70J.

.000808

v.7

50.
o

918.

7/17/05

1...- OU
50.

02-.03
'JUl.

1

38t>.~
it ...3 .30

50.

~jS~C~EEK I~TE~CHANGE; FMEJUENCY ANALYSIS;
\IPS I"Cri

3122. 1300.
5 2

)00. 703.
5,). JOO.

)2700000. 63~5000. 3690.
'--..- ':l 6 .. ].o.o.~.29'1..7-!:-9,!-O~OllO....--1.1J.7~6ce:6,",:O~O~O!-<,o----::-~3l!'Q"f0"f0"!"'--_Z~a~3~.~7t---~3~J."!-:--::-:c::----::-,,~5~0:!--:7=----:-7-:-7-:-::----

19jdO.0 ~9000. 50000. .000051 .00006 .0001250 .0007600 .UOOd12
110bOOO. 2979000. 1706000. 3600. 283.7 31. .5

24Q10. 56000. 57000. .000051 .00008 0.000154 .00078
'10 • O---19~Q~'_--~2-17~al-o.""OI-----JQ~.O~543----l.Qh....2~QI----l-l.....!J.Q----

27~. 585. 792. 0.053 .325 1.0
iJOOO.J 40000.0 ~5000.0 .0005 0.001~80 .OO~2

,lJ00.0 102000.0 115000.0 .0005 .00197 0.0038
:>d. 5-·-·l-~i..;)5-'JO----------------------..- _._- _ .

'113100 .003~30
2277.0 0.009540

2.G 2.0 2.0
02 !>v' ..-1·J...l~2~~.....----I.l,.;,2~7~2~•.------------------------

1 1 1 1 1
? 3 2. 1
'l7:; 07 13

". v . --I.J....",......;;)I-----*J....-!J.Cl---~h_:~---_h.iJ_--___,~.4_---.l_....0_---__I. .....-0----
1.) 6.0
4.J 9.4 0.7
0.7 't.0
2.0 .......4 .....+7----l;Oh.,..;JI-----&,.~---_G_,rl_---__4>~----J_.._'j.......-·---4·. 1-~---
u.l 2. .0
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,(u)ECiH"K 1,',TUCrlM,GEi FPEQuf:"'CY ANALYSI'); 7/17/0';

U",ITS: KIPS INCH

--NO-.~{JF-Sf'ANS- -------------- 5
NO. OF NODES 10
NO. Of ELEMENTS 9
MODULUS OF ELASTICITY .3122E+O~

------5ttH-R-I'Ieout:tt...s--------------~-~~.;-1;3-flO-flO-f'E.,.+-fl0c4~----------------------- - -
GRAVITY ACCELERATION .386~E+03
NO. OF LOAD INCREMEhTS 30
NO. OF EQUAL LOAD GROUPS 3

P-DEL1A\lNOEX ···Y.·.•····.··.···.•···
O~lGNOREP..;DELTA
l~U~CLOOE P.... OELI

MODE OF EXEC
1-STATIC LOADING ONLY
2-FREE VIBRATION
3-FREQUENCY ANALYSIS

---.........,...,........=

WEIGHTS

2 :1128E+0~
3 .1272E+04

ELEMENT

1

TOTAL

.2837E+03

TOP END

.3100E+02

BOTTCM END

.500CE+00



MUM. Jt i~~KT. MJM. U~ INtKI. TUk)IUNAL ~"~AR

NEAR dASE flSE~H£kE INERITA AREA

25

1
2

.8347E·06

.1106£: .07
.2'17'1[·07
.2'/79£ +07

.1766£+07 .3600E.04

.1766£.07 .1600£+04
Ie'

PIER 8ASE MOMENT-CURVATURE

TYPE CRACK. YIELD
MOM. MOM.

uLT •
MOM.

YIELD
CURV.

ULT •
CUR V.

PIER BONO SLIP ROTATION

1
2
3

.9000E+02

.2780E+03

.2300E+05

.1980E+03

.5850E+03

.4000E+05

.2780E+03

.7920E+03

.4500E+05

.5300E-01

.5300E-01

.5000E-03

.2900E+OC

.3250E+00

.1480E-02

.1000E+01

.1000E+01

.4200E-02
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,f'I<!\lv CHAI<ACTLKISr IC~

NUMBER TYPE '"UMBER TYPE NUMBER TYPE ~u~BEK TYPI:.

1 5 2 6 3 7 4 5
') 6 6 7 7 1 B 3
9 2 10 ~ 1-1 2 12 "13 1 l'i J

••••••••••••••••••••••••••••
LOA 0 I N G 1....._..--. _--. ----
LOAD INCREI1ENTS

INCR.

LOAD

.1000E+Ol

.6000E+Ol
5

10

OOF

OOF

L!JADOOFLOAOOOFLOAD

DOF INCR. DOF INCR. DOF INCR. OOF INCR.

1 "bOOOE+Ol 2 • 1'100£+02 3 .1000E+01 It .1850E+02
b .18~OE+02 1 • 1000E+01 8' .1"'00£+02 9 .1000E+.Ol

TOTAL LOADS

OOF LOAD DOF

"I»
\71L-___'_-'--'-_'__'__'_-'-_'__'_-'-_'__-'--'-_'__'_-'--'-_ _'_-'--'--'--'--'- -'-~ _'__ _'_______'
"

1 .6000E+01
6 .1850E+02

2 .1'o00E+02
7 .1000E+Ol

3 .1000E+Ol
8 .l'i00E+02

4 ~ 1850E+02
9 .1000E+Ol

5 .1000E+Ol
10 .bOOOE+Ol

OISPLACEI1ENTS

OaF

1

DISP. OOF

.b83Z18E-01 Z
2f-Ol 7

OISP. OaF

.516693E-01

.36972Itf-OZ

DISP. DOf

3 .•11190"'E-01
8 • 5166 '13f-Ol

DISP. OOF DISP.

.. .3453C2£.,..01· 5 .369~

.. .1l19C4f-Ol 10 • 583;

FREQUENCIES 1HZ.)

10

1100E••••••!'lODE••••••
NORI1ALIZEO MODE SHAPE VECTORS

1100E 110DE 110DE•••••• •••••• ••••••
1 Z '3 ~ 5

.6369E+Ol .5725E+Ol -.b682E+00 -.1023E+Ol .3628E+01

.3922£+01 .3474E+Ol .9413E-Ol .3749E+00 -.2914E+Ol

II
-'--------------i-:-------"-----z--~-~-~-------------------------~~-------~-~---

10

14

11

.------~~-~~---------------~~-----------------13

: 1000E+01 :1000E+01 ". :IOOOF+Ol : 1000E+01
.102bE..00 ~7438E"';01 '~1Z26E:+OO • 1703E+00

...; .. 1000E+Ol ~lOOOE+01.1000E+Ol .1000E+01
---....-,•..-11He~2~6fT1E~.Of}-flO-'--'--'-'-:.-'l7....~~+1-'-~-'-~.c-'llHl~2H6'oiE""' ....O~6!'1'-"--'--'-""'-=-+<O~~~fl--~~----o.o-111-'17·_(}_j_~E ...ItOt'}O----

-.3922E+Ol .347'tE+Ol .9413E-01 -.2914E+01
-.8989E+00 .7859E+00 -.2170E-01 -.8380E+00

14 -.6369E+Ol .5725E+01 -.6682E+00 .3628E+01
~------,------------
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10t, d

.1700E+Ol .61~lE+00 .6253E+00 .1892E-01 .2203E-Ol
-.150~E+Ol -.689bE+Ol -.b~3RE+Ol- -~237lE+OO -.1795E+00
-.~6h5E-UO .377*.03 .3~30E+03 .~]56E+Ol .3U~~E+Ol

.1000t+Ol .1000E+Ol .1000E+Ol .1000E+Ol .1000E+Ol

.1787E-00 .1155E.02 .9~60E+Ol -.1~58E+03 -.1173E+OJ
-.lOOOE.Ol ~ lOCOE.Ol --.-1000E.Ot --.-1000£:+1)1 -.1000£:+01
-.1781E+00 .1155£:.02 -.9~60E+01 -.1~58E+03 .1173E+03
.150~E+Ol -.6896E+01 .6538E+Ol -.2372E+00 .1795E+00
.~665E+00 .3773£:+03 -.3530£:+03 ~~356E+Ol -.3044E+01

-.-FfOOE+01-------.-tllH-e--.OO---~.tr2'j_jhiHt----c.~la"1-2f:-__o_t---~.220jE---oi.------

-.2732E-04
-.227lE-04

-.1295E-03
-.1579E-03
-.9968E-04

1
2
3

9
10

"

"L=-~~~~~~
"
41

"
"..
"

PIER FORCES

PIER NO.

1
2

TOP SHEAR

.1810E+02

.1849£:+02

TOP MOMENT

.5506E+03
-.1758E+03

BOT. MOMENT TOP TORQUE

.4585E+04 -.2063E+03

.5422E+04 -.7143£:+02

PIER NO. DUCTIL ITY



28

i...~\J:'1(r... I )f)r<.!,.... G FLKCt)

1 l 3

fJRC[/MG~. .2001E+01 -.37~8E+03 -.0503E+01 .1001E+01 -.3748E.C3 .650l[.01

-J

FORCES AT PIER fOOTINGS
--~ ,--- .._-_._----,-_._~-~--

PIER HORIZONTAL ~O~ENT
NU~BER FORCE

------------ ---{------.-1-96Qt+Or--- ---~.<j~_5E_+O..
2 .1939E+Ol -.5'+2lE+0~
3 .1939E+02 -.54l2E+04
'+ .190CE+02 -.'+585E+04

15

TOTAL LOADS

LOA DIN G '+••••••••••••••••••••••••••••
LOAD INCREMENTS

16L~~.~~~11

"
19

3D

"..-----
31

3J

"
"
J6

37

"
J9..
"
42
",-----,----
..
<5L---6-~~t&-i#f..;.;;6..
"

-- /'lODE FREQ.

S .7305E+01
10 .:3482E+()2

FREQUENCIES (HZ.)

fREQ. KODE

• 1821tE+Ol 2
.8176E.Ol 7

1I00E

1
6

"iO(
)11
'------fr--.--fl-+-7'?ri'-+fln---'--iI'---;;-Tfr'H-_~---'---'-'Ir-----::7'1~<t-H'-~T-'----'_"_<lr_"'='_'~ __~'---_'4r1\_---'=_'\_trll_7F..._fl7_-

",--------,---------
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~CR~ALIIEJ ~JUE ,HAPE VtCTU~~

MODE
••••••

~ COE•• ••••
MGDt:

••••••
I'!0 DE

•••••• MODE••••••
1

.6535E+01

.3991E+Ol

2

.6 170E +0 1

.3695E+01

3

-.0464E+00
.1073E +00

.... __ .~

-.1015E+01
.3809E+00

-5

.3610E+01
-.2913E+Ol

" : ... 662E+00
-.1693E+01

: 37 73E+03
.6138E+00

-: 3530E+03
-.6249E+00

.... 356E+Ol -.30"'4E+Ol

.1891E-01 -.2203E-Ol

LEFT ENDRIGHT END

.1028E+05 .1517E+04

.8721E+0'" -.75"'2E+03
• e't25E .. O......---,o.·2 ...·7~
• 9... 18E+0'" .7542E+03

-.2703E+02 -.1517E+04

LEFT END

.9 ... 7 ... E-04

LEFT END

.:"',' ..., ..:.. ,..','-':...':: ....,
6"t6E+02 • 2703E+02

.6182E+00 .,;".9 ... 18£+0 ...
-'-.rl-3.Jj5-E'-l+--••-&Iori~ "
.6182E+00 -.8721E+0'"

-.1646E+02 -.1028E+05

-:2169E-03
-.6392E-03
- ....038E-03

7
8
9

DECK FORCE S

ELEMENT

"
11

22

23

2.

"
"
31

32

13

14

31

J6
,--~~---,.......,...-------~---.,.-~--~----~~~~~~~~-
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BCT. 1"0l"E "iT TOP TORGUE

Plfll FORCES

P!E~ NO.

1
2
3
'0

TOP SHEAR

.7H9E+02

.7378E+02
-. nttiE~2
.7H9E+02

TOP ,.OMENT

.l27lE+04 .1858E+05
-.75'tlE+03 .2109E+05
~·.-15"lE+(n---.ii;o-qE-"'~5

.2271E+0'o .1858E+05

-.81>08E+03
-.2'159E+03

.2959E+03

.8608E+03

",I

L. --- ----~-f>i-€_Ri>UC--T_ft_f_'f-t_fr--------------'---'--------

PIER NO. DUCTILITY

ABUTMENT SPRING FORCES

\lL--'~~~ ~~.::.-__~!!~~~__~...:..:....2~l
52

SJ

1<,...- _

S5

"
5lL.::.-~~~
";,

..

FORCES AT PIER FOOTINGS

PIER
NU/'IBER

1
l

HOR I ZONTAl
FORCE

.7708E+Ol

.7738E+Ol

/'IO/'IENT

-.1858E+05
-.l169E +05
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~ - Earthquake Analysis The Rose Creek bridge was analyzed

for the first ten seconds of the north-south component of the 1940 El

Centro record. Only part of the input earthquake record is shown in

the input. The output from the computer analysis includes horizontal

displacement and acceleration maxima, maximum nodal rotations, and

maximum component forces. The displacement and acceleration histor ies

are also stored on temporary tapes and plotted using a plotting

program. Figure 1.3 shows a sample of plotted response histories.
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...55 ~J l:34 2gg. ~ J l 7Y.
191. 92. -22. -21. 52. 93.
425. 398. 559. 756. 3b5. 411.

-'+ 1.3" -471. -433. ';'458. -57. 170.
-"o5 30a -310 -H5 "213 5 -2\19

87. 2 a 1. 310. 3S!3 • Hi. 35 tl.

3bo ...
3 30 03 02 1 00 0 4
50. 91d. 50. 918. 50. 703.

I,
3b90.

17 gll QIlO. oJ eOO. 2BJ.7 :n .50
50000. .000051 .00008 .0001250 .000780;) .OOOd12

1766000. 3600. Z83.1 31. .5
51000. .000051 .00008 0.000154 •. 0007.8 .000008

2 7ij. Q G.Q§] IhZQ 1.G
792. 0.OS3 .325 1.0
45000.0 .0005 0.001480 .0042

115000.0 .0005 .00197 0.0038

,~S~C~E~~ I~TE~CHANGE; EA~TrlOUAKE ~ESPONSE ANALYSIS; 7/1~/85
<. :;):> I :,,1..::1

3122. nao.
, 1 2 "

jJ.). 703.
51. 300.

~~/00JUJ. 03~5000.
'---.<;4470') ,9790JO

19580.0 ~9000.

110boao. 2979000.
24910. 56000.
·';'G.O 19\1 •

276. 585.
23000.0 ~oooo.O

00000.0 102000.0
_._~ 1.2g0

9931.0 .003430
2277.0 0.009540
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---~2~ 112ij 1272.
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l i ) ~ l
~ h I 5 b 7

-~ .. C~UI.U NS L~"Oi IJ.,,~
500 50 5 1

0.02 0.005 0.04523
(l~F8.01

·--1'+. lllll. lQl. 811.
--:\5. -131. -176. -194.

-131. -190. -196. -66.
-260. -325. -306. -172.
--2-~ 252. ))e. ·Ie).

~12. 530. 639. 732.
-707. -603. -~d'+. -250.
1219. 1529. 1~'+9. 1155.
l.2-IH...----l-,;1 fj, 14730 2 dee.

-loOj. -1030. -1347. -1087.
1,98. 1960. 2~12. 272~.

-2313. -lG40. -18~5. -1095.
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-16~1. -1685. -1~81. -1231.
-~5. -433. -838. -951.
e73. -97. -372. -40.
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-,46. 72. 675. -10bl.
-l2b. -07~.-324. -337.
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1120. 1447. 1629. 1945.
-33~. -311. -1118. -1601.

154. 81b. 1319. 1818.
i,;j.3._._ .. -<1·;'5b. 19ij5 -l.HO.

-i~17. -lh~~. -1306. -1111.
-i14S. -Ill. -540. 64.

311, 648. 876. 472.
U;2......._l..c·)b. lob1 lZ:ll
-04. -168. -113. -229.
2;5. -41. -428. -133.
3dJ. 510. 157. -32.
-10.· --_. )Q ~ 5 .59.
-ld. ~03. -108. -91.
235. 355. 705. 779.

-2l·l. -4b7. -42b. -Zlt,.
-;:U'i ...-... .,.,~. -,eb. -137

-a. 200. ~35. 492.
2;;. 368. 525. 541.

1d. -204. -249. -405.
-206...~.4n -,JO Jel
-·;4~. -109. -217. -78.
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NO. OF NODES
NO. OF ELE/'tE
MOOULUS·OFEL

G~AVITY ACCELERATION .3664E+03
NO. OF LOAD INCREMENTS 30

.. ~g:_~h:g~&A:s--'LL5i0t-iA~D~G-&R.::.OUiiP~S~~tt+===~3i==,..---= .._'"._....
P-DELTA INOEX .>: ... :! .... :.

0- IGNORE p~DeLrA .~
1- INClUDE,P-OELTA

~ ..

l"STATIC LOADING ONLY
2"FREE VIBRATION
3"FRECUENCY ANALYSIS

EART-HettA*E-A-·PtA-H-H¥ih\-TA;~~~

OURATION OF ANALYSIS
TIME INCR. FOR NU~. INTEGRATION
I'1AS-5-frM1PIN6 COEFfICIENT
STIFFNESS DAI'IPINGCOEFFICIENT.
NO. OF RESPONSE>POINTSPERSEC.
NO. OF CYCLES BEFORE CHECKING

FOR--A--{;H

:4523E-01
.1000E+01

o•

cAR THCUAKE DATA

:lASE /'lOTION: E(CENTR

NO. OF DATA POINTS
T I ME" [N-fER-v-AI+--iO-f~-1'+f-r-~~P--"''''--'=

SCALE FACTOR FOR ACCELE~ATION
SCALE FACTOR FOR TI/'IE
5~£!_!__0_F_T:....:....IM_E::.-A.,..:X.,..:l:",;S:""""---r---r---r--:-=

.. EIGHTS

:'i 0 UE -.c E-tiicl'ff~-ttOO1~[!I

1 .3000E+03
6 • 9180E +0 31 lJ.a~~~~
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TYPICAL

ELEMENT ''0

. .. r-·----.::-tlr21'(,2rf8H'E~+'i'O~'tt-..:....-~~-:.~.:..-~~~.:..-~----~-~--------~--
)' .1272.E+Q't •

ELEI1E~T TOP END

.3100E+02

BOTTOM END

.5000E+OO

2 .3100E+02 .5000E+OO

.63't5E+07

TYPICAL ELEI1ENT PROPERIES
..,-- ._.-;';;:~-~~------'--~~

DECK ELEI1ENTS

11011. OF INERTIA

1 .5270E+08 .3b90E+O't

ULT.
CUR v.

.3bOOE+O't

.3bOOE+O't
.2979E+07
.2979E+07

.88't1E+Ob

.l106E+07
1
2

-_.__ . __._-~~~-

PIER BASE ,,~~~:£!~~~§... --_.__:.:
TYPE CRACK.

/\0/1.

PIER BONO SLIP ROTATION

~T-~~~~;~~~~~~-~~~~
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.2900E+OC .1000E+01

.3250E+OC .1000E+01

.1'o80E-02 .4200E-02
~2~~.""'""'--

---'"-----------------

.5300E-01

.5300E-01

.5000E-03

.2780E +03
• 7920E +03
.'o500E+05

1

.9000E+02

.2780E+03

.2 300E +05

: 3 85oe"'o2(·
.9931E~04.
.2277E"'O~

1
2
3
'0
5
b
7

) I'K l-N(J- Pi«}9-f'-lH-H'5-..."-...,,-.,.,,-...,,-.,,,

TYPE

ELEMENT

----£Et!(-------

1
2

1
1

1
2

"5
--~fER---------

')PRING CHARACTERISTICS

NUII8ER TYP E NUMBER TYPE NUMBER TYPE NUMBER TYPJ:

1 5 2 b 3 7 it 5
5 b b 7 7 1 8 3
9 2 10 '0 11 2 12 it

13 1 14 3

*..........
II. E S.* ••••••••

--------

MAXIMUM 01

OOF DISP. DOF OOF oIS P. OOF oIS P. OOF 01 SP.

1 -.5314E+01 2 • 'tl20E+01 3 -.1577E+01 '0 .2755E+01 5 .2007E+00
o· - .!;+QJ; -W----.5-3HE to 1
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AC Cc :.: ~

5 .Io0lol.E.OO
1:~",a-lt'<JE + 0 0

----- . __..._._-_._--_ ..

ACC. OaF

.386'1E+00

ACC. OaF

.7367E+003

DOF ACC. OaF

2 • '195'1E+00

ACCELERATIONS (til

I'lA J(·I~-t«l1Htt:-1H3J-HrH-eN5--

NODE ROT. ABOUT ROT. ABOUT
~UMBER HORIl. AXIS VERT. AXIS

....._------~ ~--~---------_._-

1 -.8758E-02. '.
2 -.1068.E-01
3 -.9536E-02..- ~-.. ::~1~6~:gr'---rl~

6 -.9905E-02 -.1252E-02
1 -.'t780E-02

...... 8 ··-·--.-TOtTtt£-6±1----••li16b'q'r'551EE----lOnZ~--------
9 -.9536E-Ol

10 -.8758.e-Ol -.l903E-02

/'lAXI/'lU/'l
.__.. ------~_.-

ACC.CJF

LEF TEND
TOR CUE

RIGHT END
MO"'ENT

MAXIMUM OECK FORCES

ELEMENT LEFT END LEFT END
NUM8ER HORI l. SHEAR 110PlENT
·····-1 .1807E+03 .5665E.03 .11~~~·-.·2536E.05

2 -.2211E+03 .8839E.05 -.3352E.06 .2059E.05
) .5211oE-08 .3238E+06 -.3238E+Oo .9218E-06
" .2211E+03 .3352E+Ob -.8839E+05 -.2059E+05

'.5-- ----..:-il:-f8HOli1'i;E,..+-iO0r:33r---••:-il:-i:1~-{o,6--"=.-<;5+.b·0-5-·e--.i;-)----.2 5;3 6 E "0'5 u •

BOT. MOMENT TOP TORQUETOP "'OMENT

r" AXI MU M PIER-F-nReE-s------~-----~-------

PIER NU. TOP SHEAR

l.·_--.-:t-rcttE·.-o-:r--~it£·oi)·5---.-51o~tfe··o~····

2 .'1186E.03 .2059E+05 .12'tOE.06
3 .... 18bE+03 .20S9E+OS .1240E+06
'0 .3108E+03 .-.35'18£+05 .5't3bE.05

.2 ""aE +05

.1137 E+05
-.113 7E.0 5
-.H'ttlE+05

~AXIMUM PIER OUCTILITIES

P-f ER ·Ntlr..--iJOlt1urt'e'-'lTCftTt-tf-'fT'>t(~--,-------------.........------

1.123"E+01
2 .3621E+01
3 .3621E+Ol
" .1231oE+01

-.2536E+05 -.5568E+03

MAX!MUM AoUTI'IENT SPRING fORCES
~P~l~G NO. 1 Z

FJ ~CEl MOI'I.

3 5 6
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MAXI~U~ FORCES AT PIER FOOTINGS

PIER HORlZONTAL ~OMENT

"'U~BER FORCE
.---r--~t-3iir%..-o:r--:--:'7'~~rt1::~

Z :H51E~()3
3 .H51E+03
It -.338ge~03

-------------------------------~---------------------------------------

fIoU/'IBER OF
_....._-_.~--------------

----------------

....__...._-----------

.. _._.._._------

....... _----------

'----_.......:...-------_..__..._-- ---_._---_.

------_.-._------

---~--_.._-_._----

--------_.- ._--_._-- .._-_.__ . __ .

. -------_ .._--_....__._-_.._-. - -_...-.
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PARI' 'IW)

USER I S MANUAL FOR SIBA SERIES

2.1 Introduction

The SIBA programs were developed for the static nonlinear analy

sis of highway bridges subjected to horizontal forces. The analytical

procedure for the model is described in Ref. 1 and Appendix A. The

purpose of this manual is to outline the procedure to run the

programs.

Three programs are used to perform different tasks as described

in Appendix A. The program SIBA-l is the analysis module, while the

program SIBA-2 is used to print the input and output. Program SIBA-3

is used for the graphical presentation of selected input data. The

programs were developed in BASIC on a Commodore 64 microcomputer.

Limits applicable to different parameters are included in the

input description (see sec. 2.2). The following limits should also be

considered:

1. Only straight or nearly straight bridges are allowed;

2. Only single-colurnn piers can be analyzed by the program; and

3. No intermediate hinges are allowed on the deck although,

through appropriate stiffness properties assigned to the

abutment springs, the deck-abutment connection may be modeled

as a hinge.

4. The bridge is analyzed only for transverse loads.

The bridge is modeled as a collection of elements (deck or column) and

boundary springs as shown in Fig. 1 in ApFendix A.
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2.2 SIBA-l

The program entitled SIBA-l performs the inelastic analysis of

statically loaded highway bridges in the transverse direction. All

analysis calculations are made in this program only. Input to SIBA-l

is provided interactively or through a data file created by the

program in a previous run. If the bridge is being analyzed for the

first time, the data has to be given in the interactive mode. The

following sections show the information requested by the computer

program. Each question is followed by the variable name associated

with the partiCUlar piece of data. Program SIBA-2 (the program to

print output) takes its input from the sequential file most recently

executed on SIBA-l. The input to SIBA-3 is provided by the file

generated by SIBA-l.

The data are prepared in blocks. The computer will prompt the

user after each block of data with the following question.

~~ ABOVE~ CORRECl7 Y=Yes. N::NQ (0<$)

A yes reply will continue with the interactive input of data.

A no reply will send the user back to the beginning of that

section to re-enter the data.

(ll IJATA f.II& NAME? (F$)

Any alphanumeric string may be used to call up previous input or

to identify new data.

(2) OOES. TIllS~ wsr ON 'IW DISKET1'E? Y=Yes, N=NQ (E$)

A negative response allows the creation of a new data file under

the name given in (ll. A positive response calls up the data

file stored under the name given in (1) for analysis or for

modification followed by analysis.
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(3) INPtlI'~ I=INrERAcrIVE, D=DATA nI& (IM$)

The interactive mode is chosen to prompt the user for the data

necessary to create a new file. If the user specifies the DATA

FILE JOOde, the screen will pronpt with the following question.

IS.~ @IFlCATION DESIRED? Y=Yes,~ (X$)

A nyn response allows the user to scan data from an old file and

make changes to observe the resulting variation in bridge

response. The following information cannot be modified in this

section:

- Units,

- Nt..mber of sp:ms,

- NuIrber of typical deck lengths,

- Typical deck element lengths, and

- Deck element length types.

An nNn response allows the user to analyze the data as is.

(4) PROJeCT TITLE? (P$)

Any alphanumeric string of less than thirty-five characters may

be used. This title is not processed but merely serves as a

heading for the output.

(5) UNITS? (U$)

Units of force and displacement are displayed in the output for

the user's information. This information is not processed

although data must be prepared with consistent units.

(6) W)UWS OC EIASI'ICITY? (E)

Input the modulus of elasticity of the bridge material. For

cases in which the modUlUS of elasticity of the piers is differ-
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ent from that of the deck, the user should use his/her judgment

in selecting the proper value. In bridges with relatively soft

deck-to-abutment connections, transverse response is controlled

by the stiffness of the piers. Therefore, the E value should be

close to the modulus of elasticity of the pier material.

(7) ~ W)ULQS? (G)

The shear modulus is used in stiffness calculations for both the

deck and the piers. As is the case with the modulus of elasti

city, the pier material characteristics dominate the transverse

response when soft deck-'to-abutrrent connections exist.

(8) NUMBER or SPANS? (SP)

The maximum nunber of spans allowed is six.

(9) NUMBER or TYPICAL~ OOSS SECl'ION$? (DE)

Input the number of deck section types. Different deck elements

having the same cross section constitute one deck section type.

There can be up to five deck section types.

(10) NUMBER or~ TYPES? (Pr)

Input the number of pier flexural tyPes. Different column

elements having the same cross section and the same length are

considered to be the one-column flexural tyPe. There can be up

to five pier types.

(11) NUMBER or FOUNDATION sprow TYPES? (FS)

The number of abutment springs is fixed to three. The number of

pier foundation spring types is entered here and must not exceed

seven.
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(12) NUMBER OC TYPICAL QOCK LEWl'HS? (00)

The length of the deck may vary for different spans of the

bridge. Each different span length presents one deck length

type. Up to six types are allowed.

(13) NUMBER OC WN2. IOCREMENl'S? (NL)

Input the total nuni:ler of load increments.

(14) NUMBER OC~~ (Nr)

A load increment set is defined as the collection of the loads

applied to different nodes simultaneously.

o =each load increment set is different.

1 = all load increments sets are the same.

2 = load increment sets are broken into two groups of NL/2 with

the increments in each group having equal magnitudes.

3 = load increment sets are broken into three groups of NL/3 with

the increments in each set having equal magnitUdes.

(15) NUMBER or.~ IOCREMEN!'S SKIppED? (SO)

cases in which the NL (number of load increments) is relatively

large produce an output, listing results for all the load incre

ments, that may be lengthy and unnecessary. The parameter SO

allows the user to print the output for the first of each SO+l

load increment. Note that skipping some of the load increments

in the output does not affect the analysis. The bridge is always

analyzed for the NL increments. Regardless of the value of SO,

outputs for the first and last load increments are printed on the

output file.
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(16) ~ Of: OOTPUI'? (NU)

o = input and output.

1 = input only.

2 = output only.

This entry allows the user to obtain a printerl copy of the input

to check before performing the analysis.

(17) INFORMATION fOR TYPICAL QECK CROSS SECl'IONS: MOMENI' Of: lNERr'IA,

TORSIONAL lNERrIA, SHEAR AEfA fOR mE..l (AI (I), AJ (I), AS (I) )

The moment of inertia is taken about the centroidal vertical axis

for the ith deck section type. The torsional moment of inertia

and horizontal shear are are also input for the ith deck section

type.

(18) INFORMATION fOR TYPICAL~ ELEMENI'S:

The columns in the program.are modeled as three-segment

elements (see Ref. 1). The bottom segment is used to idealize

pinned connections. Normally, the length of this segment is

small ness than one inch). The second segment is the part from

the bottom of the deck to the top of the pin, if any. If the

connection of the footing is moment resistant, the properties of

the first segment should be set equal to that of the second

segment. Note that the length of the first segment, parameter

EB(I), is used as the length of the column plastic hinge near the

base.

The third segment is the column section from the bottom of

the deck to the deck centroid. The program assumes that the

section is infinitely rigid.
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a) MJMENr ~ INEro'IA mAR BASE?

b) WMENl' ~ INEro'IA ET.SEWHERE?

c) IDRSIONAL INEro'IA? (BJCI»

d) ~~~ LEWI'H'? (BS (I) , 'l"I' CI) )

e) mf RIGID 00 LEmrm (ET (I) )

f) 00'I'1'CI1 SEGMENl' LENGI'H? (EB(I»

g) CRAqUX; MCt1ENI', YIEID QmNI', ULTIMATE MJMENI7

(CR(I) , YI(I), UL(I»

The value of ultimate moment is used only to calculate the slope

of the postyielding segment of the moment-curvature relationship.

It does not impose any limit on the ductility capacity of the

rrerrber.

h) XIEm CURVATURE, ULTIMATE CURVATURE? (YCCI) , UC(I»

The value given for ultimate curvature is a point beyond the

yield point of the primary curve for pier type i. It must

correspond to UL(I).

i) WID~ RQI'ATION AT CEACKIN3? (SC (I) )

The procedure to calculate rotations due to bond slip is

described in Ref. 2. The value provided here is the bond slip

rotation corresponding to the cracking moment divided by the

total length of the pier. This division is necessary to conform

to the way the program is written. In many cases, the bond slip

rotation at cracking may be negligible.

j) rom SLI£ WATION AT YIEIDH.:x;? (SY(I»

k) WID~ WATION bT.. ULTIMATE? (SO CI»
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(19) INFORMATION mE TYPICAL FQUN)ATION~ ABUTMENl' SPRIWS:

The primary force-deformation relationship for these springs is

represented by a trilinear diagram (Fig. 2.1). The data for

points one through three are provided in this section. Note that

point three does not set an ultimate value. It only sets the

slope for the third segment.

a) FORCE!WMENl' A'r BREAK J?OINI'S L. 2.L Am .J. roE mE. n.
(CR(I», YI(I), OL(I»

b) DISPlACEMENl'/roI'ATION A'r BREAK J?OINI'S .L.. k.~ .J. roE.~ 11

(DC (I> , DY(I) , UC(I»

(20) TYPICAL QECK ELEMENr LEmI'HS.~~ ('!'Y(I»

Enter the length of each of the DG deck length types (see data

entry 12).

(21) ~~~ ELEMENI' FLEXURAL TYPES. ELEMENI' 1. (IC(I»

The deck cross section tyPes (see data entry 9) and pier types

(see data entry 10) are provided in this section. Element num

bering is shown in Fig. 2.2.

(22) ~ EI.F:MFjNI' LEWl'H~ EI.EMENI' 1. (IG(I»

Input the length type of each deck element. Span numbers proceed

from left to right.

(23) FOUNDATION~ ABUl'MEN1' SPRIW TYPES. SPRUG 1. (IP(l»

Typical spring types, as specified in section 19, are assigned to

the abutment and foundation springs. The numbering of springs is

established in Fig. 2.3. The first three springs are assigned to

the left abutment springs, and the second three springs are

assigned to those at the right abutment. The pile foundation

spring numbers start from seven and eight for the left most bent
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and increase in moving from the left to the right.

(24) WNl 11'£REMENI' Nr ~.I1 (DL(1»

The values of ncx:1al load increments are provided in this section.

The ith value within each load increment set is assumed to act at

node i. The numbering of nodes is restricted to the pattern

shown in Fig. 2.2. Enter zero for unloaded nodes.

When the execution is complete, the screen will display a statement

indicating that all data have been processed.

2.3 S1M-2

The program entitled SIM-2 provides the user with a hard copy of

the input and output data. After all data have been processed by

S1BA-I, load and run S1BA-2. No further input is necessary. S1BA-2

reads its data directly from the sequential file most recently created

by S1M-I.

2.4 S1M-3

This program is used for graphical display and to check general

input information. Different colors are used to highlight different

data. Upon execution, S1BA-3 asks the data file name for the bridge

to be checked. The file name constitutes the only interactive input

data provided to S1BA-3. The output consists of several screens as

described below. Let NSPN = the number of sPans.

SCREEN I - The first screen is used to plot bridge elevation,

elerrent and node nunbers, span lengths, and pier heights.

SCREENS 2 AND NSPN + 2 - These screens show the bridge deck at

the abutments, the load, and the load magnitude for the first load
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increnent.

SCREENS 3 THROUGH NSPN + 1 - These screens show the bridge

transverse section at different bents. The loads and their magnitudes

are also displayed at the deck and foundation levels. The load

magnitudes are for the first load increnent set.

2.5 Exanple

A four-span syrnmetric bridge was used to illustrate SIBA-l and

SIBA-2. The bridge was analyzed for twenty equal load increments. To

obtain realistic resIX>nse, the properties for the bridge were chosen

from an actual bridge although some simplifications were made. For

the sake of brevity, the output for only five of the load increments

is shown. The input and output are presented starting on the next

page.
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PF:O.JECT TITLE:

UNITS: KIP-INCH

4SPAN 5/29/86

********************************************************************
!l'·jPUT

********************************************************************

NO.OF SPANS
NO. OF NODES
I'm. OF ELEl"1ENTS
MODULUS OF ELASTICITY
SHEAR MODULUS
NO. OF LOAD INCREMENTS
NO. OF EQUAL LOAD GROUPS
NO. OF LOADS SKIPPED IN OUTPUT

4
8
7
~;400

1360
20
1
o

**************** TYPICAL DECK ELEMENT DIMENSIONS *****************

:l
2

LEt'··JGTH

,~26

11,28

**************** TYPICAL PIER ELEMENT DIMENSIONS *****************

ELEMENT TOTAL TOP END BOTTO!"1 END

1 280 ::;:; 1 1
2 28<) 31 1

**************** TYPICAL ELEMENT PROPERTIES **********************

DECK EL.EMENTS

1

MOMENT OF INERTIA

4000000

TORSIONAL INERTIA

1000000

PIER ELEt1ENTS

1

MO!"1Et"-H OF
I t\IEF:TI A

NE{~lF: BI0tSE

900000
1100000

Mot1ENT OF
INEPTIA

ELSE~-'JHEF:E

3500000
~':::500000

TOF:SIONAL
I NEHT I (-~

750000
750000

E:HE{)P
f:::iF:E;~

:3000
:::::000
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**************** PIER BASE MOMENT-CURVATURE **********************

TYPE CRACKING YIELD ULTIMATE•MOMENT MOMENT MOMENT

1 22000 48000 50()()O
~ 28000 60000 65000~

TVCC YIELD ULTIMATEif ~

CURVATURE CURVATURE

1 4.2E-05 lE-04
~ 4E-05 lE-04~

**************** PIER BOND ~lIP ROTATION *************************

TYPE

1
2

CRACKING

o
o

YIELDING

3. 58E-05
3n58E-05

UL,'TIMATE

4E-05

**************** SPRING PROPERTIES *******************************

'YVF'E

1
2
3
4

A
7
/

1

280
40000

90
45000

1000
1200

FORCE AT BREAKPOINT
2

600
100000

200
105000

50
2440
2900

3

800
110000

28()
115000

60
4000
3000

TYPE
1

DEFORMATION AT BREAKPOINT
2

1
2
3
4
5
6
7

.05
5E-04

.05
5.2E-04

.05
2E-03

.03

2E-03

8. 38E-03
.09

1
4E-03

1

2

1
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**************** ELEMENT CHaRACTERISTICS *************************

DECK

PIER

ELEMENT NUMBER

1
2

4

ELEMENT NUMBER

5
6
7

FLEXURE TYPE

1
1
1
1

FLEXURE TYPE

1

1

LENGTH TYPE

1
2
2
1

*************** SPRING CHARACTERISTICS **************************

NUMBER TYF'E

i ~
~ w

2 6
3 7

i

4 5
~ 6~

6 -i
'j; 1
8 ~

k

9 3
10 4
1 1 1

~12 2
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*******************************************************************
OUTPUT

*******************************************************************

***************
LOADING 1

***************

DOF

1
2

4

7

LOAD
INCREMENT

6
14

1
18

1
14

1
6

TOTAL
LOAD

6
14

1
18

1
14

1
6

DISPLACEMENT

. ()25759E3641

*************** NODAL po-rATIONS *******************************t*

3 -4. 88344753E-05

NODE
NUMBER

,.
2

4

ROTATION ABOUT
HORIZONTAL AXIS

-9.40811054E-05

-1. 12261174E-04

ROTATION ABOUT
VERTICAL AXIS

2.05156923E-()5

-3.67~;79738E-14

5 -5. 61766634E-05

'7 -4. 88344752E-05
-1. 72459224E-05

-2.05156923E-05

*************** DEC~~ FORC:ES *************************************

NUMBER I~OF~IZONTAL

SHEAR
MOMENT

1
2
3
4

-~229575595

q24()570586
.229575589

-.820629239
72.2477519
343.611372
142.893697

5

·-343e61137

u820622027
-21.9192324
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*************** PIER FORCES tf***********************************

1\~UMBEF:

i
.C

2

TOP
SHEAR

14.010995
17.5188588
14.010C;i 951

TOP
t1Dt1ENT

16.3205689
43.8384588
16. :3205812

BOTTOM TOP
. t10t1ENT TCF:C1LJE

3906.75803 70 .. 6459473
4861.44203 -1. =i049290~::E-07
3906.75802 -70.6459473

*************** PIER DUCTILITIES ********************************

:2
3

DUCTILITY

.0703967285

.0722740641

*************** ABUTMENT SPRING FORCES **************************

SPF: I NG NUt1BEF:

1.
2

4

6

6. 22C7'5~7558
-38 II 2317~!'798

" 82()62~7 6S;~~::

~ '''''''~Mc:.-·7C=:~O
W II ...:.....:..7·..Ji ·....,·...iW

*************** FORCES AT PIER FOOTINGS *************************

i
oi.

HDFU ZONTrlL
FOF:CE

15.0109";>5
1(-3.5l88588

i"10l"1ENT

--~3Sj()i:l It 75f3()2
-48c:> 1 a l+L.1·2():2
--~$S;1()6 II :758(i l

6
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***************
LOADING 5

***************

LOAD
DOF INCREMENT

1 6
~ 144

~ 1~

4 18
5 1
6 14
7 1
c 6w

TOTAL
LOAD

30
70

90
5

70

30

DISPLACEMENT

.117450895
.13547144

u0140901129
.183071602

.135471425

.117450981

*************** NODAL ROTATIONS *********************************

3 -2. 569301E--04

NODE
NUMBER

1

4
5
6

ROTATION ABOUT

-4~()1976757E-04

-4. 94490484E-04

-5. 46001244E-04
-2.72811833E-04
-,4. 94490395E-04

ROTATION ABOUT
VERTICAL AXIS

2.30675293E-05
4. 16212806E-()5

-1.58344449E-l1

-4. 16210965E-()5
7 -2. 56930109E-04

-4.01975125E-04

*************** DECK FORCES *************************************

ELEMENT LEFT END
NUMBER HORIZONTAL

SHEAR

1 1.28486394
2 --2.61976789
3 2~61977883

4 -1.28484707

LEFT END
MOMENT

1979.36971
-805.242862

7

RIGHT END
MOMENT

-1979.36614
975.740812
.928594112

TORGUE

62ul051718
-62~1052785
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*************.. PIER FORCES ********************,****************

PIER
NUMBER

1
2

TOP
SHEAR

73.9046321
84.7604533
73.9046261

TOP
MOMENT

138.882882
124.210413
138.886611

BOTTOM TOP
MOMENT TORQUE

20554.4141 170.496812
23608.7165 -6a4863991E-05
20554.4087 -170.496058

*******t******* PIER DUCTILITIES ********************************

PIER NUMBER

1

DUCTILITY

.37037449
.350985959
.370374392

*************** ABUTMENT SPRING FORCES **************************

SPRING NUMBER

1
2

4
5
6

FORCE/MOMENT

27.0470537
-583~386249

.922701172
27.0470589

-583.384209
-.922691894

*************** FORCES AT PIER FOOTINGS *************************

PIER
NUMBER

1

HORIZONTAL
FORCE

89~7604534

MOMENT
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***************
LOAD I NC::1 10

**********:t.****

DDF

·4·

LOAD
INCREMENT

b
14

1
18

1
14

1
6

TOTAL
LOAD

60
140

jO

180
10

140
10
60

DI SPLACEI'IENT

1. 9780 18C.~·;.'5

2 n l4:3(!{S:l ::~4

• 02t.:.404~;;; 127
2 ~ :28,:S '/ t:/?8

a 2 i~. :::: ():2 ~7 ·4 ..~? ::::

II ()2 t::·q () i~. 1.1· t'::: 5 5
111 C,?'78(}:'.!lCi7

*************** NODAL ROTATIONS *********************************

(40D[·:
NUr··1E:EF~:

1.
.-,
of::'

F:OTATION ABOUT
HOF:IZm'1TP1L AXIE3

--6. 98466844E-0::::;

FWTATION P-lBOUT
VEF:T I CP-lL. td I S

·2.81:367116[--04

3 -4.61106671E-04

5 -5.·75668899E·-04

7 -4.61118384E-04
....·6 .. 9E3l.~· ·71~.1. 2E -()~~:

--2. Z;;A18963E-04

*************** DECK FORCES *************************************

ELEMEN"r LEF-r END
NUMBER HORIZONTAL

LEFT El'm
t1Dt1ENT

F~:IEHT ErW
r'10!'·IEI'·jT

L.. E: F"lH E: [---.1 :D
l~ CJ F.~ C). Lf E~

1.
..... i .. C? 18345()7'

1" C1~ 1C:)t:;56:~:7

LJr If ()54t)t.19:3:3

····11. 25'+7BO~~;

16 i ::~ . 4081
~Y176. L1-21::S'
2526. 910::::;1

9

-·1611.04 C7'
11 • ::::;001719

:~:t:1-t::':1 1:?()(}:5"7
...- :ll~~ L~t 6 11 .f::., () '7' L1 ..q·
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*************** PIER FORCES *************************************

PIER TDP TOP BOTTOM TDP
NUt1BEF: SHEAF: Mot1El'H MOMENT TOPC:UE

1 137' It 864151 1712. 60104 361 10. 1535 915. 4 ..~. ~2 () :~~ l:;;

2 176. 1':::,2001 -492" 11.1·2479 48286. :3:7'83 .{) 1 ()66()(:t8(){'';;'
''':: 137.865008 1712. 73189 361 10. 2639 °1l:." 21021 1....1 - i . .....tu

*************** PIER DUCTILITIES ********************************

DUCTIL.ITY

*************** ABUTMENT SPRING FORCES **************************

1 ~i9 • E:5:3;ll-5C717
-:3():~:3 II ~5t:)59:3

11.2546846

'-11 . 25::~59S'5

*************** FOPCES AT PIER FOOTINGS *************************

1

HORI ZO!'nAL
FDF:CE

147. 8641.~S1.
174.49209

1.47.865007

t10t"1ENT

'-469B8" 1749
-<2:6889.4707
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::r. **»:*:* ***::U****
LO{'-lD I t,,!S :!. 5

***:*******)x****

LOAD
DfJF INCREMENT

:!. f.:,
,', 14.;;:.

:3: 1
,1 18'"i'

e:;' 1..._1

tj 14
-y 1I

8 6

TOTAL
LOAD

90
210

:1.5
2'7()

210
j ,,::;
.~'

DI SPLACEt"iENT

*************** NODAL ROTATIONS *********************************

NODE
NUI'1BER

i..
2

F:OTAT I m\! (.iBOUT
HO~~:IZONTPIL (:\X1S

..... " (}33,:S55Ei311

...... <)3521 727'7Cj'

FmTATIOl',~ ABOUT
VERT I CAL ~:;x I B

1.40'=t21611E····03
1.10767·653E···O::;:;

3 -7. 85567944E-04

5 '-1~16024589E-03

-'. O~35218765

-,1. 40848761E-O~3

*************** DECK FORCES *************************************

of...

LEFT END
HOE I ZONT?'iL

BHEAR

....·21 It 1 i) l::jl8E{r:y l
'''-f3 1: 31S'7(?C)5:~7f

8,* ::;E329 C?Sr't C?3
:~1. 1159155

LEFT END
r1m'IENT

18074.3291
1:316-:2 =r ()5'79

II

R I (:+! T am
1"101\'1 E ""! T

56 • 5C!~5214'7

L. E: r-:'l" E:: t····!:D
1-[] r-;: (J J...J F~
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*************** PIER FORCES *************************************

PIEF:
NUMBER

1

3

TOP
SHEAR

197.258018
253. 2491 ()5

197.26709

TOP
t1Dr1ENT

3282.84349
214.489751
3284.93721

BOTTOM
I'1Dr1ENT

5<)728.9122
67792. 2~;;

5(f?29. 143

TOP

'--4534. 1~5469

*************** PIER DUCTILITIES tt******************************

FIEF: NUNBER DUCTILITY

1. 23 17ge:i"78
1 a 29:~89:3()2

1. Z::::I. 8163-::;;'

*************** ABUTMENT SPRING FORCES *~************************

t3PF: I f··.IG NUt'iBEr.:;:·

2

4

106. 90'::;;'15::::;
'-9789. 7"7108

56. :::;;686.<:].45
106.915101

....·978<7\ II Cj'c;?27"'5
·-,,56., 3395()£12

*************** FORCES AT PIER FOOTINGS *************************

PIER
i'·JUr1BEF:

HOPI ZmHAL
FORCE

J2
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***:************
LOf;D I NC::, ~20

***************

DOF

1

::::

7

LOAD
I !'·.ICF:EMENT

6
14

1
:l8

1
14

1

TOTAL
LOAD

j r;:'n.oJ-.,_,

280
2<)

360

*************** NODAL ROTATIONS *******t*************************

r·.IDDF.:
r···jUMBEF:

ROTATION AE:(JUT
HORIZm·nf.=iL AXIS

ROTA T IDf'·.l {'lBDUT
'v'ERTICt~L PiXIS

3 It 3()8299~~:;:::::E--'<)~3

3 a 45266725E·-()4

5 ~lG61515328E'-03

_.• 08l~·5.l1-574·~·7

7 -9. 45941634E-04
F: "-'~'. 3:~;:::2::5 1. ~7E ..._()::::

*************** DECK FORCES *************************************

ELEMENT LEFT END
NUMBER ~iOF~!ZON1-AI_

LEFT END
t10t1ENT

Plan END
jv!Ot'1ENT

2

4

....·~7l ~ :=?()2i.l-52
'-15. 1i+C?5:33:~;

15.2090408
71.9:2"74264

4t::LI·2C;~'. 4064
44852. 9 f:104
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*************** PIER FORCES *************************************

f:· T != ~~.
... J.-I ..

NUt1BER

1
.i..

3

TOP
SHEAR

22~:::a 24'7121

TOP
Mot1ENT

4152. ~l9665
5357.6391.

4161.14581

BOTTOM
MOMENT

5'7136a 21Cf7
BLt·(j;38" 9:227

5713'7 II () 1 :~

TOF'
TOF:(]UE

*************** PIER DUCTILITIES ********************************

PIER NUr-1BER DUCTILITY

l • 7760~'::S'72

1 R 9()~;'5·7C){}5

l.7"71.:.10T7'7'

*************** ABUTMENT SPRING FORCES **************************

For':;:C:E! t-1OMENT

1

:~::

187 . 70171 S'

1 7~'::' • Lj-l~-9l1 7

HOF: I ZONTl'-ii_
FDF:CE

:3::; 1 a 2()21'~}::3

24:;. 2E: l t:l:~~"~

***************************************************~~* ***************
RL!t--·J CDt"jPLETED

********************************************************************

14
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ROTATION/DISPLACEMENT

Fig. 2.1 Primary Force-Deformation Relationship
for Foundation and Abutment Springs.

1 2 4 NJ - 2 NJ

1 2 NS

NS +1 NS + 2 NE

3 5 NJ-l

NJ Number of joints
NE Number of elements
NS Number of spans

Fig. 2.2 Node and Element Numbering Scheme.

2, I
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BEARING PADS

SECTION

(a) Left Abutment

2

(b) Left Pier Base

Fig. 2.3 Boundary Spring Numbering Scheme.
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APPENDIX A

H£IASI'IC srATIC ~SIS CF I.ATE:AALLY-lDIIDED
BRIIJG:S ON A lO'I-<::osr MICROCCMPUI'ER

Renee A. Lawver and MeMi saUdi
Civil Engineering DepartJlent
tlliversity of Nevada, Reno
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ABS'mO'

A relatively simple analytical model for
inelastic lateral load analysis of srort, symmetric
highway bridges is presented. The nonlinear
components include bridge boundary elements. The
primary task is performed in a program named SIBA
C64-1 which was developed on a Commodore 64 in BASIC
V2~ Two numerical examples, a 2-span and as-span
bridge, are presented and the application of the
model in interpreting the response is discussed. It
is concluded that the program presented, and similar
programs which utilize advanced analytical
techniques, should enable design engineers to move
toward more realistic design of structures.

INI1WOCTION

The ultimate behavior of structural systems
subjected to extreme lateral loads, particularly
loads due to earthquakes, has been of considerable
interest to researchers, designers, and agencies
responsible for the preparation of design codes. To
study the response as the structure is loaded beyond
the elastic stage, inelastic analytical models become
necessary. Inelastic models, b:>wever, have not been
utilized to a significant extent in design offices
for the reasons described rerein. As a result, many
seismic codes include the effects of the nonlinear
behavior impliciUy, allowing the practicing engineer
to use the more familiar elastic analytical models.

'!be primary reasons for the limited utilization
of inelastic models are Ca) inelastic models are
usually very complex and are beyond the level of
undergraduate en]ineering training~ (b) many of the
available inelastic models have not been evaluated
rigorously to establish their reliability in
predicting the response of -real- structures: and
Cc) the necessary software to implement inelastic
models ordinarily requires a main frame computer
which may not be available to many designers.
Attempts have been made to address the aforementioned
difficulties for reinforced concrete building
structures: and, as a result, relatively simple
models have been developed and implemented on low
cost microcomputers (1). In the area of bridge
engineering, -finit~lement type- programs have been
developed for use on lIlAin frame computers: b:>wever,
no simple yet realistic Jlicrocomputer JIlodels are
available.

The purpose of this paper is to describe the
microcomputer version of a recently developed (2),
relatively simple, inelastic IIIOdel for static lateral
load lIna1ysis of symmetric, straight highway bridges.
Further simplifications were made in the new version.
'!be program was developed in BASIC V2 on a Commodore
64.

'!be model was developed for analysis of .fully or
AR>roximately symmetric highway bridges to limit the
number of degrees of freedom and, hence, to reduce
the amount ofma-trix operations. A schematic view of
the bridge model is shown in Fig. 1. -At the
abutments, three nonlinear springs-were assumed: one
translational and tre other two rotational. Deck and
pier elements were idealized as line members, with
nonlinearity allowed only at the. base of pier
elements. '!be pier foundation effect was represented
by two nonlinear springs at the base of each pier.
Only translation in the transverse direction and
rotation with respec~ to an axis parallel to the
longitudinal axis of the bridge were accounted for.
Otrer possible degrees of freedom were fixed because,
under lateral loads, their effect was believed to be
negligible.

BYSTERESIS~

'!be loads are applied in small increments. The
sign of the load may be positive or negative, thus
allowing for reversal of the loads and cyclic
loading. '!be cyclic characteristics of all nonlinear
components are represented by a hysteresis model
called -TQ-Byst- (3). In the main-frame version of
the program, two hysteresis models were incorporated.
The TQ-Byst model operates on a trilinear primary
curve (force-deformation relationship for
unidirectional loadings well into the nonlinear
range). The rules to determine stiffness variations
at different stages of loading, unloading, and
reversed loading are sufficiently versatile to allow
for si~ulation of the response for a variety of
structural components. The model is described in
detail in Ref. 3.

iie1: Elements

only single-column piers are allowed for in tb:!
program. In bridges with single-column piers, the
maximum moment usually occurs at the bottom of the
pier. In many bridges, the pier section near the
base is smaller than other parts to avoid the
transfer of a large moment in the longitudinal
direction of the bridge. The nonlinear behavior,
therefore, is assumed to be concentrated at the base
of the pier over the height where the section is
-weak-. The shear resistance is assumed to be
constant. The moment-curvature relationship for
reinforced concrete elements consists of three
distinct parts: precracked, cracked, and yielded,
with each part having a smaller slope than the
previous part (OCYU in Fig. 2). The curve is assumed
to be -symmetric with respect to the origin.

DIll;;&. Elements

The deck elements are assumed to remain elastic.



BecaJSe the section properties of reinforced concrete
deck elements are generally controlled by vert.ical
loads and because vertical loads on large spans
(typically used in bridges) require relatively large
sections, it is not expected that lateral forces will
cause forces beyond cracking of the deck elements.

Foundation

It is known that most soil types exhibit
inelastic behavior even at very small strains. In
lateral loading of soil samples, typically, a curved
relationship with a gradual but generally significant
decrease in stiffness is obtained. Due to large
variation in soil properties, construction of this
curve without testing of the soil represents, at
best,' an approximation. lidded to this is the effect
of foundation structure. Studies on the cyclic
behavior of foundations have generally revealed that
the hysteresis relationships include deterioration -of
strength and stiffness with a trend similar to that
assumed in the TQ-Hyst model. In the absence of
extensive experimental data for lateral and
rotational behavior of foundation systems, the TO
Hyst model is assumed to represent the behavior of
the foundation' at pier bases.

Abutment ~tems

The camection between the deck and abutment is
represented by three springs (Fig. 1). By using
appropriate values for the force-deformation
relationships of these springs, it is possible to
simulate the behavior of monolithic, hinged, or
roller connections. For monolithic and hinged
connections, it is reasonable to assume that the
stiffness properties will not change as a result of
loading, and the initial stiffness values may be
used.

To achieve roller connections, neoprene
elastomeric bearing pads are commonly used in the
u.s. These pads, however, are known to transmit
forces between the deck and the abutment structure.
In addition, the force-deformation relationship for
these ~s is not linear. Cyclic testing of neoprene
bearing pads in shear has shown that a nonlinear
effect is present even at small load amplitudes (4).
As loading continues, a reduction in stiffness is
observed until slippage occurs. Upon unloading and
reversing the loads, the stiffness changes. Cyclic
loadings of bearing pads for vertical loads, on the
other hand, have shown some stiffening effects as
loading continues. This is, of course, due to
compaction of neoprene layers as compressive load is
applied. The TQ-Hyst model is used to simulate the
cyclic response of the pads because it is frond to be
capable of producing the general characteristics of
the hysteresis loops.

~~ structure

Based on the idealizations described, a computer
model was developed for static nonlinear a1alysis of
highway bridges slbjected to lateral loads. The top
Delta- effect is accounted for in the modeling.
structural nodes are assumed to be at the abutments,
pier caps, and at the pier bases. Masses are assumed
to be lumped at the nodes. Advcmtage is taken of the
symmetry of the element stiffness matrices in storing
the stiffnesses•. Nodes and degrees-of-freedom are
nuntJered in such a way as to minimize the bandwidth
of the structural stiffness matrix. Stiffness
submatrices corresponding to the lateral and
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rotational degrees-of-freedom are partitioned, and
static condensation is used to minimize the size of
the matrices to be inverted. Detailed formulation of
the model is presented in Ref. 3.

Horizontal forces are applied at pier-deck
intersections, abutments, and pier bases. For each
load increment, the status of the nonlinear elements
is checked, and stiffnesses are updated as necessary.
To allow for close monitoring of force-deformation
variations, the loads should be applied in small
increments. For each load increment, lateral
displacements, rotation, and all internal fo~ces are
couputed.

IMPLEMEmATION W a:>MMctXJRE .H

The analytical model desc~ibed above wa~

implemented in a program· named SI~-<:64-1. . In
addition, two relatively srort programs, named SIBA
C64-2 and 3, were developed for output preparation.
and graphics purposes, respectively. Links between
the programs are shown in Fig. 3. All the programs
were written in BASIC V2 on a Commodore 64, with
approximately 39K-byteS of user-available memory.

The first program (SIBA-<:64-1) reads the input
information, either interactively or from a
.sequentialdata file, and analyzes the bridge. The
data file is automatically generated upon running the
program for the first time. The flow chart for 5IBA
C64-1 is sht;>wn in Fig. 4. Nodal displacements, nodal
rotations, and element internal forces are determined
for each load increment. These data are used to
update the stiffness matrices for the nonlinear
components. The program is capable of storing the
data in a sequential file to be printed as output.

Bridges of up to six spans may be analyzed using
the program. No limit exists on the number of load
increments, but the user may choose to obtain the
output only for a selected number of load increments,
thus reducing the size of the output and shortening
printing time.

Programs SIBA~64-2 and 3 were not incorporated
in the first program because of the limitation on
computer memory sf8ce. To include these programs in
SIBA-<:64-1, it would be necessary to limit the number
of spans to four or five. Program 5IB-<:64-2 reads
the input data and output from the sequential file
formed by SIBA-<:64-1, and prints all the input values
and the output for the loads specified by the user.

Program SIBA~64-3 uses screen graphics to plot
general information about the geometry, node
numbering, and element numbering of the bridge. In
addition, it plots the individual bents and
illustrates the applied loads. This program reads
its input from the sequential data file (Fig. 3).
Program SIBA-<:64-3 is used only to review the
information described; therefore, it dOes not affect
the computations.

.RJMEBICAL FXAMPLES

Two highway bridges were used to demonstrate the
SIBA group. One was the Meloland Bridge which is a
two-span bridge located near £1 Centro in Southern
California, and the other was the Rose Creek Bridge
which has five spans and is located near Winnemucca
in Northern Nevada. Detailed information about these
bridges is presented in Ref. 5. Only,' the response
quantities are presented and discussed herein.



IDe Meloland~

The Meloland Road overpass is a two-span,
rnulticell box girder bridge located near El centro,
california. 'nle bridge has monol,ithic, abu,tment:s .and
is symmetric. A single~lumn pnsmatlc pler nglclly
connected to the deck supports the deck (Fig. 5).
The br idge was subjected to earthquake loads in the
study presented in Ref. 5. The element properties
used in the study presented herein were obtained from
that refererx:e and will not be repeated.

The Meloland Bridge was analyzed using SIBA
C64-1 for 10 load increments applied at the deck
center. 'nle magnitudes of the load increments were
chosen such that (I) large nonlinear displace~ts
are developed and (2) the bridge behavior during the
unloading and load reversal stages can be studied.
The load-displacement response for the top of the
pier -(deck center) is shown in Fig. 7. The maximum
displacement was 7.82 in. which corresponded to the·
total load of 4,259 k.·This load was approximately
equal to 1.6 times the gravity load and may be
assumed to be equal to the maximum credible
earthquake load in a zone with severe seismicity.
The ratio of the maximum displacement to the pier
height is 2.75% which is considered indicative of a
large degree of nonlinearity. It can be seen in Fig.
7 that, us,j,ng SIBA-C64-l •.it was possible to
determine the residual displacements correspon:ling to
zero load and the softening effects produced by load
reversal.

The plan view deflection of the bridge for
different load amplitudes is shown in Fig. 8. The
solid lines present the deflection during loading
(cases a to c (see also Fig. 7», and the broken
lines show the deflection during unloading and load
reversal (cases d and e). Comparison of cases a
through c with cases d and e shows that the deflected
shape of the deck changed as the bridge developed
nonlinear deformations. The abutment displacement
increased relative to the center indicating that the
stiffness loss at the abutments was more pronoonced
than that of the pier.

The execution time to run the un:ompiled version
of SIBA-C64-1 for the Meloland bridge was
approximately 50 secon:ls per load increment. A major
part of the running time is for matrix operations.
For each load increment, two banded matrices are
inverted, one with a size of 4 and band width of 4
and the other with a size of 8 and band width of 3.
Based on experierx:e with other Commodore 64 programs,
the execution time for the compiled version is
expected to be aboot 3) seconds per load.

1beBQe~~

'!'be Rose Creek bridge is a five-span, reinforced
concrete, multicell box girder bridge with a total
length of 400 feet, located on highway 1-80 near
Winnemucca, Nevada. The substructure consists of
four single piers (Fig. 6) and the abutments, whi~h
are all supported by pile foundations. The deck 1S
continuous with no intennediate expansiOl'l joints and
is supported by five elastomeric bearing pads at eacb
abutment. The superstructure and the substructure
are symmetric (Fig. 6). '!'he foundation. bowever,
is slightly unsymmetric due to s.all differences
between the soil profiles at the southern and
northern piers. These differences were considered
negligible, and the complete structure was assumed to
be symmetric. With the initial properties of the
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components obtained from Ref. 3, the SIBA-c64 group
was used to analyze the bridge.

The Rose Creek bridge was analyzed for loads
applied at the intersection of piers and the deck.
Four load increments were used. The magnitude of
each increment was 60 kips per pier. The
relationship between the center displacement and the
loads is shown in Fig. 9.

. The applied forces corresp:>n:led to approximately
20 percent of~gravity which are considered to be

-forces due to a moderate earthquake. Th~ drift
caused by the load was 1.5 percent. For reinforced
concretestruetures, this value of drift is believed
to correspond to a damage level beyond which
~estoratio~ becomes difficult.

Figure 9 also ~ shows the measured data ob_tained
in experimental testing of the Rose-Creek bridge by
applying relatively small loads (6). The figure
shows that the correlation between the measured and
calculated data was very close indicating that the
modeling scheme is appropriate, at least, for small
loads.

The computer time to analyze the Rose Creek
bridge was approximately 9 minutes per load increment
for the uncompiled version of SIBA-c64-1. For each
increment two banded matrices are inverted, one with
a size of 10 and band width of 10, and the other with
a size of 16 and band width of 3. The execut'ion time
for the compiled version is estimated at about 3.5
minutes.

CDt01JSIONS

'!be model presented can be used for two purposes
in analysis of regular, symmetric highway bridges
subjected to transverse loads. One is to perform the
elastic analyses required in the A'IC-6 seismic design
guidelines for highway bridges, and the other is to
check the response of the br idge for extreme cycl ic
loads.

The successful implementation of an advanced
analytical method on a low-cost microcomputer
demonstrates the potential that microcomputer
applications may have in improving the current
structural analysis and design methods. Too many
simplifying assumptions have been used in routine
analj'Sis and design raising doubts aboot whether the
idealized system represents the real structure. '!be
pr~mary reasons often mentioned for not utilizing
more realistic techniques have been (1) lack of
adequate computing facilities, and (2) inadequate
background of typical designers to interpret more
realistic methods.

'Ibis paper showed that it was possible to use a
low~st microcomputer (less than $1CXX» to determine
the nonlinear response of highway bridges of up to
six spans subjected to lateral lollds. The fact that
the model allows for the flexibility of foundations
and abutments is a significant departure from the
acre common assumption of fixed boundary elements.
'lbroagh experimental tests (6), the contribu~i~n.of
foundations and abutments to structural flexwlllty
has been found to be significant.

The model is relatively simple in that, it
utilizes JNII'ly of the concepts familiar to a typlcal
designer. Admittedly, a structural designer would
need to sPend some time and effort to learn about the



model. Learning new methods slDJld not be considered
a burden to the designer, because today's rapidly
improving technology demands a commitment from
engineers to oontinually upjate their knowledge.

~

The study presented in this report was part of a
continuing study at the University of Nevada, Reno
(UNR) on the seismic response of highway bridges.
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Fig. 8 Displaced Shape of the De::k for
Different Loads
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Fig. 7 Load-Oisplacenent Response for the
Meloland Bridge
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