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' ,  
In an effort to use the latest cons sr dwision was made to implement a 

pilot project using precast beam t-in-place techniques, This 
project was selected to receive F vative Bridge Construcfion 
Program. The goals of ced mainknaxl~e costs, 
reduced construction time, eering &sign crit'e* and 
new construction methods. Using p gmls; ' &wbg should 
provide a better quality p h should reduce fitme 
maintenance costs. C elements beciuse't$ey reduce 
forming time and elimin ction. Tl;lis can rqiuce the time 
that the public is impacted by c ng the iSllPdct to the public 
increases safety for the public ts inherent with any pad ' 

construction. With reduced fo cing the twrnbr of workers 
operating at dangerous heigh rk at these heights. This was 
the first time using precast b ign and construction 
methods were developed as 

The criteria for the selection of t h ~  gtpchp-e to utilizq pqxast beam caps were~mall number 
of bents, columns on pile footings and a $n$ller struct~&. Spctures with more 6ents would 
benefit the most from precast beam odp$,$ut a smallcr,&&$we and fewer bents were criteria to 
limit losses if problems did occur. Cohqip on footuys the u n c e h ~  of the final top of 
column elevations. Bridge Number in'~ran~uf d o * ~  was selected for the pilot pr~ject. 
The bridge carries Route T over F i d e  && and was pt& bf ~ i s s ~  Department of 
Transportation ( M o I ~ ~ T )  job npmber,$$idl056. Tbe bridge; is a threespaa (43'47'43') 
prestressed concrete I-girder structure. .@,e roadway wi&b is 40 feet. The bridge is skewed 15 
degrees and is located on a superelevated horizontal curve. Traffic was maintained on the 
existing bridge during construction. 

To evaluate how well th goals a d  to continue the development of 
design and constructi I was assigned to track the progress of 
the project as it was cons to the fabrication plant and the construction 
site to observe tb proc volved with, the process. A partial 
list of people involved with the the contrastom involved is 
included in the Appendix. This and constrzlction of this structure. 
It will also document mcountered and recommendations to 
assist in evaluating the possible use of preoast beam caps on future projects. 

The structural design and c ed the procedures and reference 
plans fiom the Texas Departm TxDOT has developed a design 
methodology for a b in the Appendix. The main 
difference in traditional interme lum,n-beam connection is analyzed 
as a fixed connection and then rather than just analyzed as a 



fixed connection. The connection is assumed to be less rigid and functions somewhere between 
the two extremes. Additionally, the column-to-beam connection is designed. This was done by 
following the TxDOT procedure and included determining minimum grout strength, embedment 
depth and confmement reinforcement. The location of the lifting loops was also determined. 
These design requirements did increase the design time, but not greatly and were not difficult. 
Typically, on a superelevated roadway the bottom of the beam cap is sloped to reduce the height 
of the beam on one end. With a precast beam cap, this did not seem practical because of the 
column-beam connection; so the bottom of the beam was flat. The beam was 3'-6" in height on 
one end and slightly over 6' on the other. This increased the concrete volume in the cap and 
correspondingly the weight over a cast-in-place option. 

The typical details of the intermediate bent shown on the construction plans were 
supplemented by details of the column-beam connection, duct and grout tube placement and a 
lifting diagram. Construction notes were included in the construction plans to provide 
information on construction procedures, material requirements, testing and payment. A table of 
grout performance specifications was also provided. The notes and grout specifications adhered 
to those employed by TxDOT and were obtained from bridge plans for actual projects completed 
by TxDOT. No bridge special provisions related to the precast beam cap were included. Bridge 
plan sheets related to the precast beam cap are included in the Appendix. Shop drawings were 
required for the precast beam cap. 

The initial estimate included in the design layout was $5 19,000 or $82 per square foot, but 
did not include the precast beam cap option. Another estimate was made assuming $7,000 per 
precast beam cap with an additional $1,600 for a connection mock up. This increased the cost 
estimate to $529,000 or $83 per square foot. The Bridge Review Section estimated the cost of 
each precast beam cap as $8,500 using cost based estimating. An estimate based on substructure 
concrete and reinforcing steel quantities would have been around $1 5,000 per cap. The actual 
unit price bids ranged from $23,815 to $33,000 per cap. The working days estimate was not 
modified for the use of a precast beam cap. A typical working days estimate is five to ten days 
for each intermediate bent. 

111. Preconstruction 

The bridge was awarded to Goodwin Brothers Construction on March 9,2005 as part of the 
February 2005 letting at a cost of $91 8,448.72 not including bridge removal costs. This is a cost 
of $159.35 per square foot and includes a unit price of $24,610.36 for the precast beam caps. 
These costs were significantly higher than estimated and exceed the typical cost per square foot 
of a bridge of this type. 

I attended a preconstruction conference on March 3 1,2005. The bridge was only minimally 
discussed, but the main concern of the contractor involved a valueengineering proposal to 
replace the footings on piles with drilled shafts. The issues related to the precast beam cap were 
the large weight of the cap and the contractor's inexperience with this new construction 
technique. The beam caps weighed almost 50 tons, so transporting to the site posed a possible 
problem. Many of the bridges in the area had weight restrictions, but there was one route that 
everyone anticipated would be feasible. The large weight also could affect the construction 
equipment selection, since the caps were heavier than the girders. The contractor's inexperience 



was not presented as a major concern. It was &o learned that Egyptian Concrete had been 
chosen as the fabricator for the precast bearn caps. 

After discussions with the Stmctwal,Project Manager, Chad Daniel, and myself, it was 
concluded that the value-engineering proposal to change to drilled shafts wouM not affect the 
precast b e m  cap design or the cohilmtndW csnnecti~n. It was however decided that the 
contractor's Engineer should evaluate thwsntire bent &sign and be responsible for sealing the 
construction plans. The updated constrmtioa p h  fw QW of the bents are included in the 
Appendix. The vdusengineering propwal was implmentied without changes to the precast 
beam or the beam-to-column connection. 

IV. Fabrication 

Egyptisln Concrete in Salem, Illinois &bricated the precast beam caps. the fabrication 
process two changes to Bridge's design were requested. The first was to extend the gout tubes 
to the, top of the beam. This change would allow for easier placement of the grout tubes and be 
easier to keep them in place while coqcrete was poured. It would also be easier to pour concrete 
around the grout tubes and reduce the pahbility of voids. Based on these advantages as well as 
the likelihood that it would make the grbhhg of the column-beam connection easier, this change 
was agreed to, TxDOT plans were not cmsistent in tbek g ~ u t  tubes. Some grobt tubes had a 
narrower outlet that terminated on the s ik tpf  the beam, 6hich was our original design, and 
others showed the grout tubes extending to the top of the heam without a change in diameter. 
Grout tubes that extend to the top of the b p n  are the more practical option. 

The second change was reducing the height of the spiral confinement reinforcement from 3'- 
10" to 3'-6". The spiral reinfm with the stirrup placement as 
originally detailed. The TxDBT winfacement to be placed 
between the main longitudinal reinforcement in the top and bottom of the beam. The height of 
the spiral reinforcement could be reduced and this requirement stillmet because of the way the 
top longitudinal steel was stepped. Detailing of the spiral reinkcement should show the 
reinforcement extending only to the longitudinal reinforcement and remain below the shear 
stirrups. 

On June 6,2005 I visited the pcaster  to observe the pouring of concrete for the beam cap 
for bent number two. From this visit and discussions with MoDQT material inspectors, I learned 
additional items to consider for future designs. In addition to the spiral reinforcement issue, the 
spacing of the longitudinal rein9rcement should be given extra consideration. With grout tubes 
and spiral reinforcement added to a traditional reinforcing bar cage, the spacing of the steel 
becomes tight. The number of longitudinal bars should be minimized. Also, there should be a 
note on the construction plans allowing for the shifting of reinforcement to miss grout tubes 
while maintaining a minimum clearance and spacing. The fabricator did shift the reinforcing 
bars, but the minimum spacing between bars did not look sufficietrt. Figures 4.1 and 4.2 show 
how tight the bar spacing was. 

There were some problems occurred during the co&@ete placement. It took a longer 
time to get the forms ready than ww expected. A bucket was used to place concrete and only 
internal vibration was used. Figure ws com placed with a bucket. The 
MoDOT inspector suggested external v i W n  would2xe beneficial. The specified slump was 



eight inches maximum with six percent air content. The mix design was such that these limits 
were approached. The ambient temperature was 85 degrees Fahrenheit and the concrete 
temperature was 83 degrees Fahrenheit. Each cap was approximately 24 cubic yards of concrete 
in volume. The concrete for the precast beam cap was the same as is specified for a cast-in-place 
beam cap. The precaster used a mix design that they used for other precast elements. During the 
pour, the rate at which concrete was placed was slow and the 30-minute time limit between 
trucks was often approached. At one point concrete started to leak out of the bottom of the form 
on the higher end of the beam 9. The support of the forms had to be increased after the pour 
had started, and deflection of the forms was a concern throughout. Figure 4.4 shows the 
formwork and the formwork being reinforced. All of these items increased the time of the pour, 
as did a rain shower. The problems that occurred can largely be attributed to the fact that 
Egyptian concrete had no experience with precasting beam caps and the formwork and precast 
bed were set up li-om scratch. 

Other factors should be considered besides the fabricators inexperience. Due to their limited 
use, precast beam caps would be considered a specialty item unless their use becomes 
widespread. This reduces competition and number of bidders, which increases cost and can 
increase fabrication time. The weight of the caps was also a factor in the fabrication. Not all 
fabricators would have the resources to move the beam caps in their yards. 

Overall the fabricator was pleased to have the work and inquired if more precast beam caps 
would be utilized in the future. The MoDOT materials inspector felt the "end product came out 
fairly well." Increased use of precast beam caps should eliminate the problems I witnessed and 
reduce costs. Only the minor changes to the grout tubes and spiral reinforcement were 
recommended for future designs. The finished bealm cap is shown in Figure 4.5. 



Figure 4 . f  e and Bucket 





V. Erection of Beam Caps 

I visited the construction site on Augut 5 , W  to observe the erection or' the beam cap for 
intermediate bent number three. delivered by tractor-trailer, as is shown in 
Figure 5.1 . There was a significant muld be set into place due to a 
miscommun~ism in the number o tor assumed there were two lifting 
loops, but th&e were actually four. ti1 additioml cables could be 
delivered, w w  resulted in ove g the beam. cap, plastic shims 

1 and at fk propep elevation. 
e tke cables were 

m e  aporator and 
ropes tdwred to each end of 

approximately ten minutes. 
and broke out m o d  one of the 
extent of the con-& that broke 

out. This arm would be rep&& loops w m  filled md an 
location of the lifting 

op &sign should also 
consider that th could cause cracking or 
worse if close to a vertical edge in the concrete such as at a beam step. 

The beam cap far htermediab 
not witness the setting of the beam 
went smoothly d quickly. Fig= 
was not any cr&l&g of the concmt ike that wBich occurred with the 
beam cap at bent number three. 

Setting the beam caps was a quick prgcess, which did n d  require wo 
elevated height like traditional cast-in eow& With requh$ p 
caps had been delivered prior to the Wgr w l d  have been p l d  
and certainly in one day. Figurz 
setting. Witb the caps set, the co . Wen the forming 
was complete, the connection w d d  ?x 4@led with p u t  pumped in un&r pressure. 







I Figure 5.- - ,.,.., k .  Beam Cap at Bent # o. 



VI. Grouting Colurnn-Beam Connectipa 

I visited the site again on August 30,2005 to observe the w d n g  &&G e m  
connection. There was a significant delay between the erection of the beam caps and the 
grouting procedure. The plans required that pressurized grouting be utilized to limit the 
possibility of voids. The pressurized grouting requirement was required based on TxDOT 
procedures. Pressurized grouting was not something Goodwin Brothers had experience with, so 
they subcontracted with Elastizell of Saint Louis. Apparently there was some difficulty finding a 
contractor familiar with pressurized grouting, which was the main cause of the delay. In addition 
to a delay, the need for a subcontractor increased the contractor's cost. 

The final adjustments were being performed to the forming when I arrived. Steel c o l h  
were used as forms, which are shown in Figure 6.1. In addition to being able to resist the 
pressure from the grouting process, Elastizell had specified that the forms should be watertight. 
To verify this, the forms should have been filled with water and been able to hold water fbr 24 
hours. This had not been done, so a quick check was performed to see if the forms were 
watertight. The wet columns shown in Figure 6.2 indicate that the forms were not waterti@; 
some actually leaked quite significantly. Additional work was performed on the forms to try to 
improve the water tightness, but they were not rechecked prior to grouting. Masterflow@ 928 
grout was used and was classified as flowable. The grout was pumped under pressure from the 
mixer, which is shown in Figure 6.3, through a hose to the top of the beam w. % base was 
attached to a plate bolted to 
The plate had one inlet tube 
tubes. The workers 
the outlet valves they wen 
forms while it was being 
If that did not work a Figure 6.5 $how& the p f  that 
leaked out and the attempt to the grout bbes completely filled 
after the grouting process. . .. . 

Overall the process went efficiently and all of the oohtmn-bean a n d o n s  were grouted in 
less than two hours. This time could have been reduced if the forms were watertight and time 
was not spent sealing the leaks or mixins additional grout to r q k  that which had leaked out. 
Both the subcontractor and sed && opinions that pressurized grouting 
was not a necessity. Their d i n W  vibration voids 
could be eliminated. It was also es in the fonns codd be employed 
to check for voids. El , elimimte the naessity for 
formwork strong ena s would bve the capability of 
grouting the colmn-beam the nacwsity of pressurized 
grouting, the MoDO t beam caps ''waakxl out really 
well." 



Figure 6.2%ecking if Forms are Watertight 





I 
Figure 6.6 Filled Grout Tubes after Grouting Process 
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demonstrate that construction time could be saved if not for the delays caused by inexperience 
and the necessity to develop new construction methods. Actually setting the caps and grouting 
the bearn-column connection took very little time. Approximately ten minutes were required to 
set the cap in place and grouting both caps took about two hours. Even with a small number of 
bents, it can be seen that time savings could be realized. This time savings would be magnified 
for structures with a greater number of bents. Any reduction in construction time has added 
benefits of reducing the impact on the public and reducing the time construction and traffic are in 
conflict, which increases safety for both workers and the traveling public. 

Although it is too early to tell on this project, this option could provide the advantage of 
reduced maintenance costs. Constructing the beam caps in a more controlled environment under 
better conditions should provide a higher quality product. A higher quality product should be 
less susceptible to cracking and spalling that would need to be repaired. This not only reduces 
maintenance costs and time, but also increases safety for the traveling public. 

Conclusions about cost can be made even though it was not a main goal of this pilot project. 
The bid price was three times what was estimated. Cost is increased because this is a new option 
in Missouri. Prefabricators consider precast beam caps a specialty item, so they will charge 
more. The contractor most likely increased the bid price due to unfamiliarity with this option 
and the extra risk involved. Extra time and money had to be spent by the fabricator and 
contractor developing new construction techniques. The pressurized grouting requirement 
necessitated a subcontractor that added $7,000 to the cost according to John Byrd of Goodwin 
Brothers. Increased usages of the option may reduce costs, but it would need to become more 
widespread to be competitive with cast-in-place methods. 

The pilot project did demonstrate the advantages and disadvantages of the use of precast 
beam caps. It also was a valuable learning experience for design and construction. Lessons 
learned should contribute to improving the process and allowing the benefits of this option to be 
maximized and the negatives to be minimized. The project should also help determine what 
place this option has in future MoDOT projects. 

VIII. Recommendations 

From the conclusions reach& during the pilot project, recommendatiom for future use of this 
option can be made. Selecting which projects where this option should be used is important. 
The best use of this option wwk? be on projects where time coniderations exceed those of cost. 
However, it should be considefed if the inexperience with this option would e l m a t e  any time 
savings. Projects with a large number of bents are the best possibility where the time saving 
would be great enough to overcome any delays possible with new constmdon methods. 
Structures on superelevated ro&ays are not good candidates for precast beam caps. Unless the 
column-beam connection can be adapted for a beam with a sloped bottom, the beam can become 
massive, which can exacmbate issues dealing with the weight of the caps. Transporting the 
beam caps needs to be considered. Routes with posted bridges, county roads and residential 
streets may not be viable or may cauw the contractor to incur costs for damaged roads. The 
footing types should not be a significant concern in structure selection because the cap rests on 
shims that can account for changes in the top of column elevation. There m situations where 
precast beam caps would be beneficial, but the circumstances should be klly considered. 



The design process does not need major changes. The congestion of the reinforcement cage 
should be considered and spiral confinement reinforcement should be detailed so it does not 
interhe with the shear stirrups. The grout tubes should extend t~ the top of the beam cap and do 
not require a change in diameter. The design and placement of the lifting loops should consider 
that the lifting force will not be purely vertical and edge distance to the lifting loops is important 
to prevent cracking. A note on the plans allowing the shifting of reinforcement to clew the grout 
tubes should be added. Notes or a special provision clarifying that pressurized grouting will be 
required could eliminate miscommunication. Notes or a special provision could inform that 
formwork should be watertight and that it should demonstrate that by holding water for 24 hours 
prior to grouting. It should also be noted that the water should be removed prior to grouting 
rather than displaced by pumping the grout in. The estimated costs of the beam caps should take 
into account that they are a specialty item and an increased risk to the contractor as long as they --------- 
are used mfiequently. Worklng days shouTcireTTectthepoSSi'bfi~taataelays~occurdtretcr - 
the fabricators' and contractors' inexperience with this type of construction. TxDOT's 
procedures and plans combined with this project's lessons should provide the necessary 
information for the Bridge Division to  us^ this option in the future. 

Reducing costs would make this option more viable. Widespread use and increased 
experience gained by fabricators and contractors is one way costs could come down. With 
increased use more contractors and fabricators will have developed the techniques and acquired 
the equipment to reduce costs. Also more competition should develop to reduce bid prices. 
Time savings with this method could also translate into reduced costs. Labor costs would be 
affected by the time savings and by transferring labor fiom the field to the fabricator. Presumed 
maintenance cost reduction should also be considered as part of the overall cost of this option. 
The process of using precast beam caps should continue to be evaluated for changes in design or 
construction techniques. The pressurized grouting requirement is one example that should be 
evaluated. Cost is the main prohibitive factor in limiting the use of this option; lowering the cost 
through increased use or design changes should be considered to make this option more 
beneficial. 

The precast beam cap pilot project has shown that this option would currently be 
advantageous under certain narrow conditions. The importance of time versus cost is the main 
criteria in choosing this option. However, there is potential to reduce the cost of this option with 
increased use. This option should be considered where reducing construction time is the 

C O n T o m g f a c t o ~ ~ - a f s ~  -&&- k n e f k h t  - 
exceeds the current disadvantages of using this option. 
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DETAILS OF INTERMEDIATE BENT NO. 3 
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I ' ' .'*. . 1 .  6.1 1 NTRODUCTION . . 

This chapter summarizes me development of a design memoaology f i  a precast bent-. . First, . . . 

the current approach used by TxDOT to design reinforced'concrete interior bents is summarized. Then, a 

I design methodology for a precast beat cap &stem is introduced. A flow chart is used to illustrate the 
eight-step procedure. Finally, the development of equations for anchorage of straight or headed 
connectors in grout pockets or grouted vertical ducts is presented. The appendix provides plan sheets for 

I the fmt bridge designed u s h  the design r-endations. 

6.2 CURRENT DESIGN APPROACH FOR CAST-IN-PLACE BENTS 

6.2.1 TxDOT Standard Practice . wqG v:~-,~ 
Over the past several decades, TxDOT nas developea a SfandarO practice for aesign or m erio I%&, 
which areeusually either multicolumn or trestle pilebents. cast-inilace construction is used for the bent r- ' 

caps, which are supported by either cast-in-place columns or precast piles. Caps are normally rectangular - 
L 

m cross section, although inverted-tee caps have become more common in recent years. Most column 3 

cross sections are round, although rectangular and square are used as well. Caps and columns are usually .' ' % ,  

treated separately in design [6.1]. Foundations for cast-in-place columns are typically drilled shafts or - : . 1 . .  
pile footings. Foundations and singlecolumn bents are not addressed in this research. .- i 

1 . '. 
6.2.2 Bent Cap Analysis and Design & .  

Rechngular bent caps are typically d y z e d  using an in-house bent cap analysis program, CAP18, 
developed in the mid-1960's [6.2]. CAP1 8 conducts a continuous beam analysis of the cap, assuming 
lcnife-edge (i.e, pin-connected) supports at the center of each column or pile. Shear and moment 
envelopes are generated fiom the analysis based on dead and live loads ccmsistent with the AASHTO 
Standard Specification [6.3]. Loads associated with win4 longitudinal and centdbgal forces, and 
thermal expansions are not typically accounted for in bent cap 

Other assumptions and guidelines for rectangular bent cap design include [6.17 Section 6.21: 
. . 

I 
1. Class C concrete, with a design stqength of 3600 psi 

2. Cap depth at least as large as the k p  width and sufficient to accommodate a reasonable pattern of . 
tension reinfmement based on 60 ksi nominal yieM strength 

3. Stirmps between column h s  basd on she* envelope requirements and a shear strength of 
2 z, where f. b the 28day compressive stnqth of the concrete. In addition, #S stirmps @ 
6 in. are included in the overhanging ends of fhe beat cap, unless the d i c e  fiom the center of 
load to the effective face exceeds 1.2 times the cffadive depth. 

4. .Longitudinal top and bottom bars based on m envelope requirements and conservative 
estimates of bar lengths to satisfy heloprnent le& requirements 

5. Distribution of flexural reinforcernerd to limit cracking and to restrict service-level dead 
load stresses to 22 ksi 

6, Side-face reinforcement to limit side-face cracking under service loads 



7. Appropriate bar sizes, including #4 to #6 bars for stirrups and tersperature reinforcement, and #9 
to # 1 1 bars for longitudinal reidbrcement. Smaller longitudinal bars may be used for trestle pile . I 
caps. One bar size is n m l y  for all longitudinal bars. . ' 

. p&>;: . . , . 
... 

Design of inverted-tee caps for multiGehrmn bents requires checking six possible failure modes [6.4]. In .; 
addition to flexure and shear, cap des ' i  must consider: 1) torsion, 2) hanger tension in web stirrups, 
3) flange punching shear at a d 4) bracket failure at the flange-web interfae. Development of 
wide cracks at the flange-web h m  &w to local stirrup y i e ldb  must also b checked at servic'elevel 
loads. Fea tks  of invertd-tw &at differ h m  rectangular beam  include: 

1. Ledge depth and r e b a t  &ermined Erom punching shearS &eiu fiiction (bracket failure), 
or flexure :. . ~2 wv* --u. . '.I . 

LA*- &&;: ;x 
2. Web reinforcement accounting for hanger loads, vertical shear, and k ~ o n  k, + 

3. More stringent side ~inf-mt requirements I . . 
. . 4. Consideration of torsion. 

pppppp---------------- 

. Section 5.13.2.5 of the AASHTO LRPD Bridge Design Specificatioas waddresses these issues. ... , 

Figures 6.1 and 6.2, taken lEPoan W e f m  6.1, show typical. cap reM0tcsment for rectahO@ar and 
. inverted-tek caps. , 3  +m . . 

. .  . 

. . . . .  . - .  

. . 

. . 
Figure 6.1 Typical Besit Cap JReinforeement-~~111r Cmxs Section [&I). 

x.,, 
. .' t.! . - 

Figure 6.2 Typid  Bent Cap Reiaforcement-Inverted-tee Cross Section (6.11 
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. . . . ' - . .  

I. . . . .  . . . . 
. . . .  6.2.3 ' ,  Column Analysis and Design . . 

, . .  
According to standard pvcticc used i t h e  T W T  Bridge Design-Division in Austin *wall as other . 

. 

' . ' offices, column & s i p  for nnrltisolumn, singb-tier bents does not n o m d y  in'yolb analyois. As shown ' : 1 ' > '  : in Figure 6.3, round columns of standard sizes and mhhcement are nonndly used, with approximately ' . 

one-percent longitudhl reinforcement and #3 spiral (6-h. pitch) or #4 spiral @-in. pitch). S q m  or . . 

I . rectangular columns are also sometimes used. Based (MI a mip of analyses con- .by T&OT in the 
. 

196OYs, these standard sections may be used without analysis if the column'height satisfres'timaximum . ' 

: height limitation of one foot per inch of column diameter [6.5]. . The vait majoiity.of bents' &itis@ this 
. limitation. . I- . . , . 

. . 
. . 

I .. 
. . 

. . 

. . 
. . . . . . 

. . 
. . . . 
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. . . . . .  . 
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I e COLUMN SECTION 
. . 

I .. , 

Figure 6 3  TxDOT Standard ~ o l u r n i  Sizes and Minimum Reinforcement [6.1]. '. 

Some TxDOT ofices do not use this "1 foot-per-inch" d e ;  but analyze bent frames for all cases. Even 
in offices that use this rule, analysis is required for columns that exceed this height limitation or for 

' 

columns of'unusual cross section, since such cases fall outside of the range of design parameters used to 
establish these guidelines. Factored axial load-moment combinations from frame analyses are compared 
to a design. interaction diagram that is cobon ly  geaergted using a proprietary program, such as 
PCACOL 16.61. Column axial loads are sometimes tdcen as the ,reactions .from bent cap analyses. 

..-. . ..... 
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, - - ',?' . r .  . . . . 
$ 1  

d, 

Horimntal 1o~d.s due to wind, b a  and centrifugal forces a; m l v e d  into components in the 
transverse and longitudinal di.re&ns. Thermal effects are sometimes accounted for m analysis by the 
application of a horizt#ltarl d ~ p ~  at the column top. This displacement is often limited to' the 

I 
maximum displacement msoeiatdwith dosing of expansion joints. Seismic effects arenot considwed in . . 
design. Frame analyse-s amme ae fad at the bottom, usually 5 .to 15 ft Mow grade depending 
on a h d a c e  soil conditkm, sad pinnad at the top in the longittudinal direction ("flagpole" assumption). 

- I 
Full continuity is assumed ~lt c a l m  t ap  in the transverse direction. 

Second-order e f f m  are n m i  .ad for by a simple moment rnagnilk from AASHTO Standard ' 

. sp&ifications or using' in-house pmgmms [6.7,6.8]. Momimts in the batsverse and longitudinal 
I 

directions for round columns am cc~nbned using the square mot of the sum of the squares (SRSS) and 
then magnified, whereas m o r n &  for cobmns of non-circular cross d o n  are fifst magnified in each 
d w i o n  and then combined using an htmaction equation. ~ o l m m  of nox~&c+ section may also be 

I 
checked using another in-house adysis p r o w  [6.9]. . 

Trestle pile design is also based on gtandsnd height limitations of 1 foot-per-inch of pile depth. For piles I 
exceeding these limitations, load eff- at service and factored&mustk.c)rejclnrl.T_ensile 4- - - - 

. --------- --- 

.compressive stresses of the eci pile are restricted. to the limiting values gMm in the AASHTO 
Standard Specifications. In addition, pile strength is checked using an sldal lad-moment interaction . I 

' diagram at the fitdored level. ' m - 7 ;  . 
.. . I 

I - - . I  :A: ' 
6.2.4 Standard Practice for I .  y l  

esign I 
The bent cap-to-column (or pi region is the vertical the cohunn area into the 
bent cap. R e f a c e  6.1 does not duammt an approach for the design of such connections. Standard 
design practice is limited to extm&g ali solumn 1- bars into the cap a length equal to the cap 
depth minus 6 in. does not saiisfy AASHTO developBlent length 

I 
' requirements, no prob in the field due to this standard practice. Piles are 

typically broken back sufficiently to extad strands 10 in. to 16 in. into the cap. Overhanging end. of !: . . I 
caps provide room to anchor cap la@tdd  reinforcement outside the joint region for exterior columns . 

or piles. Explicit design requirements for bar anchorage, joint confinement, or joint shear are not used. I 
6.3 DESIGN APPROACH FOR A PRECAST BENT CAP SYSTEM 
6.3.1 Design Philosophy 
Design of a precast bent cap system should satisfj. requirements of economics, ~onstructabilit~, durability, 

I 
and force transfer. The design pl&om&y for force transfer is discussed in this section. Design of the 
system for force transfer must pnmkk not only suitable strength, but also adequate ductility, redundancy 
and structural integrity. - - - - - - - - - - -  

u 
TxDOT currently designs bridges awxw to the 1996 AASHTO Standard Specifications. Jn the future, 
TxDOT will adopt the AASHTO LBFD H g e  Design Specifcations [6.10]. The design approach used 
.herein not only satisfies the 1996 M I P T O  Standard Specifications, but also a d a s  basic provisions 

I 
of the 1998 AASHTO LRFD rind dect provisions of ACI 3 18-99 [6.11]. Judgment is used, however, to 
avoid imposing excessive requirements that could place the precast system at an unfair disadvantage with 
respect to cast-in-place bents. 

I 
6.3.1.1 Limit States 

Four basic limit states are considered [6.10, Section 1.3.21: i f ?  .-a 

1. Strength-to ensure adequate strength and stability 

2. Service-to restrict stress, deformation and crack width under regular service conditions 
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