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SupersEDES M EMO To DESIGNERS 6-1 DATED JUNE 1990

CoLUMN ANALYSIS CONSIDERATIONS

Columnsdesigned in accordance with the Caltrans Bridge Design Specifications (BDS) and
the Caltrans Seismic Design Criteria(SDC) may result in adense reinforcement arrangement.
This often leads to reinforcement congestion and may cause construction difficulties. To
avoid these concerns, thereare anumber of optionsadesigner should consider before deciding
on parameters such as bent location, column size, number of columns per bent and the
column spacing best suited for the structure. Some of these options, along with
recommendations, are discussed in the following paragraphs. These recommendations
generally apply to long or narrow structures. The designer should be aware that column
design considerations based on Group |-V loads may sometimes contradict those for Group
VIl loads.

Span lengths, column sizes, and column architectural features are sometimes selected rather
arbitrarily when the General Plan isfirst developed. The next step isto determine whether
these arbitrary decisions will be practical. Preliminary analyses using the Bridge Design
Systemand the BENT program should be made together with preliminary dynamic analyses.
These analyses may be rather limited in scope in the early design stage. When a more
detailed dynamic analysisisrequired, theanalysismode should encompassthe entirestructure,
including connecting ramps subject to program limitations. For dynamic analysis, long structures
may bedivided into groups of frames, but individual groups must overlap. Inaddition, supports
and the boundary conditionsfor each group should be properly modeled using suitable springs.

Theresultsof preliminary analyses should be reviewed for critical column loadings, both for
Group I-VI and Group VI loadings. Columns which require maximum reinforcement (for
Group I-V1 loads) should befurther analyzed using the Y IEL D program. Non-linear analyses
of acritical bent (using XSECTION and WFRAME) may berequired if ductility requirements
are a concern. Based on these preliminary analyses, if the longitudinal and transverse
reinforcement in columnsisfound to be acceptabl e, then the geometric and structural frame
arrangements can be assumed to be satisfactory. However, if the column reinforcement
exceeds acceptable limits, then the following alternatives should be considered:

1) Inmulti-column bents, pin columnsat thefootings. In single-column bents, pinning
the base of the column adjacent to abutments may be considered.

2) Addadditional columnsper bent.
3) Usebroader single columns.

4) For single column bents, consider incorporating continuity at thetop of columns
inanalyses.

5) Utilizetorsional rigidity to reduce P-load effects on single column bents.
6) Inmulti-column bents, increase column size.

7) Use higher strength concrete for columns.
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8) Shorten span lengths by adding bents.

9) Add hinges or consider temporary construction hinge to reduce sensitivity to
shortening.

10) Increase the elastic length of short columns.
11) Usepileshaftsinlieu of footings.
12) Reduce prestress and thermal force coefficients where appropriate.

The designer should consider the best option that isapplicableto aspecific project. Inaddition to
the above-mentioned options, thefollowing two itemsmay have animpact on decisionsmade by
the designer in designing columns:

1) Aesthetic features (Column Flares).
2) Outrigger bents.

The designer may adopt any one or a combination of the above-mentioned options. While cost
should be a primary consideration, it should not be the only criterion. Some of the options
recommended above may not appear to be cost effective, but may result in savings in other
bridge elements such asfootings, and lead to an overall efficient design. The designer should be
aware that any one of the above-mentioned options may solve one problem, but may cause
another.

Thefollowingisabrief review of each option, citing both beneficial and detrimental effects.

1) Pincolumnsat thebase: Thisoption should bethe normfor all multi-column bents.
Pinned columns|lead to asofter structurein comparison to fixed columns and result
inlarger drift (lateral displacement) particularly under Group VI loads. In addition,
the moments at the top of the columns due to Group I-VI loads would increase.
Consequently, these columns may be subjected to higher moment magnification
factorsin the design stage. The combined effects of increased group load moments
at the fixed end and moment magnification could require an increase in primary
reinforcement.

In single column bents, columns may be pinned if the abutment or the adjacent bent
can assumeincreased demandsand retain stability. Pinned columns must be supported
during construction. This option should be considered only as a last resort. End
columns in frames can also be designed to slide on the footing during prestressing
and then externally keyed to the footing.

The biggest advantage of pinning the column at the footing is that it leads to a
reduction in the foundation size and reduced footing costs. Pot bearings or base
isolation bearings, though expensive, may provide a satisfactory solution in some
situations.
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Add more similar columns per bent: Thisalternative usually leads to areduced
column sizewhich may reduce the longitudinal stiffnessand moments, but may
increasethetransverse frame stiffness. Adding columns may not be aesthetically
pleasing. While aesthetics is important, it should not take precedence over
structural integrity. In single-column bents, addition of asecond column may be
the appropriate solution (for narrow structures, two closely spaced columns
may not leave room for flares). Axial tension due to overturning effects may
reduce shear capacity in multi-column bents, but other benefits may prevail.

Use broader single columns/oblong columns: This option may be considered
asan dternativeto adding asecond columnto asingle-column bent. Theoblong
column may be pinned with referenceto longitudinal responseto reducefoundation
costs. Such columnstypically have interlocking reinforcement cages.

For single-column bents, consider incorporating continuity at the top of
columns. For analysisunder Group |-V loads, the designer should consider the
restraining effects of adjacent spans. Box girder bridges on single column bents
should not be considered as true cantilevers (0.99 Distribution Factor) in the
transversedirectionintheYELD program. Thetorsional rigidity of abox girder
provides significant restraint and a D.F. of 0.90 can conservatively be used
without a frame analysis. This will greatly reduce the column moment and
reinforcement. Thedesigner should use STRUDL analysisto obtain actual lower
D.F. valuesif slenderness causes a significant moment magnification.

Utilize torsional rigidity and distribution to reduce P-load effects on single-
column bents: STRUDL analyses show that superstructure rigidity reduces
transverse moments significantly in many single column bent structures under
Group I-VI loads as compared to the typical cantilever bent analysis. These
analyses also show that a significant portion of wheel loads, applied at a bent
near the edge of deck, is distributed to adjacent bents. Therefore, the designer
should take advantage of such analyses when conventional cantilever analysis
shows that the selected column size/shape isinadequate for the applied Permit
Truck load. Trial STRUDL analyses have aso shown that the reactions from
distributed Permit |loads are similar to reactions caused by HSloadsanalyzedin
theusual cantilever manner. Therefore, an approximate alternativeto adetailed
analysis for Permit loads in the maximum transverse load case, is to use only
HSliveloadingsto analyzethe bent asacantilever. Bridgeswith unusually large
gpan-to-width ratios (i.e., connector ramps) are not good candidates for this
approximate method.
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In multi-column bents, use larger columns: A larger column section will alow
more room to place main reinforcement and provide greater shear capacity for
Group I-V1 loads. However, increasing the column size woul d al so draw more moment
and shear. For Group V11 loads, in addition to increased stiffness, apossibleincrease
in plastic moment would lead to an increasein footing and superstructure costs. This
option may not beviableif horizontal roadway clearancesaretight or when existing
bridges are being widened.

Use higher strength concrete for columns: This option may be used as a means to
reduce main reinforcement without significantly increasing stiffness. Thiswill also
increase the shear capacity (unlesstensile axial loads exist). However, theresulting
increasein plastic moment capacity may lead toincreased footing and superstructure
costs.

The designer should consider the economicsof specifying morethan one high strength
concrete in the design of prestressed concrete bridges.

Ingeneral, the designer should not use12 mm (No. 4) primary aggregate in concrete
asameansto alow amore closely spaced, dense network of column reinforcement.
Thistype of material isnot readily availablein all geographical areas and may also
require the use of concrete additives to develop assumed concrete strength.

Shorten spans lengths and add bents: This option should be considered primarily
for viaducts. Other long structures (connector ramps) generally have bent locations
dictated by facilities that are crossed (such as roadways and rail roads). Shorter
spans can reduce structure depth (i.e., dead load) and proportionately reduce seismic
loads to the bents. The applicability of both, conventionally reinforced as well as
prestressed concrete sections should be considered. While prestressed concrete
sections typically result in a smaler dead load, they cause secondary prestress
moments in columns and may require more expensive joint seals due to increased
movement ratings at the joints. Short prestressed spans reduce dead load, but the
superstructure depth may betoo shallow to permit the devel opment of column bars.

Add hinges: This option should be considered primarily for long, prestressed
structures. Adding ahingewill effectively shorten all framesin astructure. Theend
bents of theframes, especially the short bents near abutments, will draw less prestress
moment. The structure may become more flexible resulting inincreased deflections
under Group VI loads, but would aso benefit from reduced force levels due to a
lengthened primary response period. Intermediate construction hinges, strategically
placed on selected reinforced concrete segmentswithin long prestressed structures,
alow for creep forces to stabilize before connecting frames together. In generd, it
ispreferableto avoid/minimize hinges so asto maintain structure continuity whichis
particularly desirable under seismic loads.
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10) Increase the elastic length of short columns: Significant moment reductions

1)

can be achieved, especialy in prestressed concrete structures, by increasing
the column elastic length. This can be accomplished by taking advantage of
footing trandation dueto dastic and plastic soil deformation, lowering thefooting
elevation, or both. If thefooting islowered, passive earth resistance on pilesand
footingswill increase and result in lesstranglation. Soil springs can be used with
the STRUBAG program to model foundation releasesfrom full fixity.

Use pile shafts in lieu of footings: The benefits of this option are similar to
increasing the column lengths. Generally, theresulting increasein flexibility will
lead to reduced seismic forces, but displacementswill increase. Shaft construction
may become more complicated in the presence of shallow groundwater and/or
loose sand. Elastic column lengths can beincreased by requiring thetop of shaft
to be below the ground-line and by specifying aspacer casing (isolation) around
theunderground portion of column. However, the consequencesof plastic hinging
below ground-line should be considered.

Shaftswhich do not require unusual construction techniques are lessexpensive
than fixed pilefootings.

12) Reduce prestress and thermal force coefficients; There are several theories

describing the effects of prestress and thermal forces on a structure. Some
expertsfed that initial momentsin columns dueto prestress shortening eventual ly
creep to nearly zero. Since thermal stresses develop gradually, there is some
plastic relief. In addition to moment reductions due to creep, the elasto-plastic
characteristics of the soil surrounding the foundations al so permit some moment
relief for the columns. Some reduction in these forces should be utilized. Since
thereisno agreement on allowabl e reductions, it is suggested that momentsand
shears due to prestressing could be reduced by 50%, and those due to thermal
action be reduced by 25%. These values are considered reasonable when applied
to fixed foundations. When allowing limited foundation release using springs or
some foundation tranglation, or if shaftsare being used, the prestressand thermal
forces should not be adjusted asradically. Adjustments must be made consistent
withtheanalysismodel.
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Additional considerationswhich may impact column type selection, analysisand design:

1) Aesthetic features: Aesthetic features often require fascia concrete such as flares.
In general, column flares should beisolated from the superstructure with ahorizontal
gap as shown in Attachment 1, unless structural considerations require that the
flaresbe monolithic with the superstructure. Theconcreteintheflareregion outside
the column core (flare concrete) shall be adequately reinforced with flare
reinforcement to minimize shrinkage and temperature related cracks as well as to
prevent the separation of flaresfrom the column core at design displacement ductility
levels (approximately, aductility level of 4). Flare reinforcement is the additional
reinforcement (longitudinal and transverse) provided in the flare region outside the
confined column corereinforcement. When agap isprovided, the contribution from
flares should not beincluded in service load analysisaswell asin seismic analysis.
The flare details are shown in Attachment 1.

Tests on 40% scaled models of columns with isolated flares have shown that these
columns have alarge displacement ductility capacity [University of California, San
Diego, Report # SSRP-97/06]. These tests also reveal that the plastic hinge forms
in the column in the concentrated region of the flare gap. However, due to the
confining effects of the bent cap and the column flare, the short plastic hingelength
can still provide the column with adequate displacement ductility capacity.

Monoalithic flares(structural flares) should be avoided where possiblefor thefollowing
reasons.

a) Incolumnswheretheflareisimproperly designed and detailed, it islikely that
the plastic hinge may form at the base of the column flare (instead of forming at
thetop of the column). Thisnot only increasesthe shear demand on the column,
but al so resultsin severeloss of bridge deck profileif plastic hinge failurewere
to occur. While proper design and detailing assuresthat the probability of failure
of aplastic hingeisextremely low, it ispossible that plastic hingesmay fail due
to unforeseen overloads.

b) Monoalithicflareslead to anincreasein force demands on adjacent superstructure
and substructure elements, and may result in reduced displacement ductility of
bents.

With proper justification, the Design Engineer may adopt monolithic flares. The
approval of Chief, Office of Structure Design shall be obtained beforeadecision
to adopt monoalithic flaresis made.
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When monolithic flares are approved for adoption, these flares shall be
designed and detailed so that they are unlikely to separate from the column
even at design displacement ductility levels. In such structural flares, the
flare reinforcement (longitudinal and transverse) shall be determined in
accordance with the column performance requirements specified in the
Caltrans Seismic Design Criteria. The contribution to column capacity and
stiffnessfrom the structural flares shall be modeled and incorporated in the
seismic analysis to identify plastic hinge locations. The Design Engineer
shall ensure that the plastic hinge forms in the column and not in the
superstructure. Furthermore, through proper design and detailing, the Design
Engineer should ensurethat the plastic hingeformsat the top of the column
and not at the base of the flare.

2) Outrigger bents: Outriggers are extremely vulnerable under seismic forces
because they do not have the superstructure concrete enclosure at the column-
cap joint. Thejoint must be adequately confined using closed tieswith seismic
hooksto prevent degradation during plastic hinging. Also, thejoint must bedesigned
and detailed to ensurethat aplastic hingeformsinthe column and not in the cap
in accordance with the guidelinesin SDC.

The exposed portion of the cap must be properly designed for torsion and reinforced with
closed seismic tiesif torsion is significant. The corner joint must be capable of resisting all
torsion, moment, and shears occurring at thejoint. Adequate confinement must be provided
for developing barsfrom both the outrigger and column.

In conclusion, it isimportant to emphasize that the designer be aware of al the preceding
factors which are applicable to the structure being analyzed. Attention should be given to
producing adynamic model representing actual site conditions rather than assumed general
practi ce methodswhen column design problems arise. Secondary effects should beinvestigated
when large column deflections are indicated by anaysis. The columns should beinvestigated
early in the design process. Relegating column design to the end can result in redesign and
many wasted hours of work.
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Flare Column Details-1

Table 1

Column Dia or

Transverse Flare Reinforcement

“D"(meter) Upper Flare Region Lower Flare Region
(Top 1/3 Flare Height) (Lower 2/3 Flare Height)
1.22 #19 @ 90 #13 @ 205
1.68 #22 @ 90 #16 @ 205
213 #25 @ 90 #16 @ 205

Notes to Designer:

1. Typically, the thickness of the flare gap should be 50 mm. However, if significant relative
rotation between the cap and the column is expected, then the required gap thickness to
accommodate this rotation should be calculated and provided.

2. The longitudinal flare reinforcement provided is nominal. The maximum spacing between
longitudinal flare reinforcement shall not exceed 450 mm; and the spacing shall not be less
than 150 mm. (Eg. #19 at a maximum of 450 mm; minimum 150}

3. The recommended transverse flare reinforcement ratio in the upper 1/3 of the flare
heightis =0.40% * 0.05%, while that ratio for the lower 2/3 of the flare height should not
belessthan =0.075% + 0.025%. See Table 1 for typical tfransverse reinforcement in the flare
region of a circular columns with a standard one-way flare (BDD 7-31). This reinforcement is
in addition to the required prismatic core confinement/shear reinforcement. The column flare
details have been developed after reviewing the results of laboratory tests.

4. Minimum clear cover shall conform to requirements of BDS 8.22.

5. While laboratory tests were conducted with the transverse flare reinforcement having a lap
of approximately 40 times bar diameter, the use of mechanical couplers (service splice) is
recommended. When a column is subjected to multi-directional excitation, lap splices in
transverse flare reinforcement may not be reliable if flare concrete spalls. To minimize
reinforcement congestion, the location of mechanical couplers shall be staggered.
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Flare Column Details-2
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(original signed by Richard Land)

Richard Land
Deputy Chief, Engineering Services,
Structure Design

MR: pkml
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