Rashid Ahmed, PE, SE, Vice President
2009 PTI Technical Conference Barrier Cable Design Considerations in Parking StructuresMay 4, 2009 Ryan Frederick, PE, Senior Engineer

Barrier Cable Design Considerations in

’ S i-‘ﬂ-—;f::f;;‘-:_.r LY .
s 0 7 G R R A

_ Ahead of the curve in creative parking solutions.
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Presentation Overview

e Building Code requirements

e Failure mechanisms for barrier cables
e Potential problem areas

* Conclusions and recommendations
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Introduction

 Why are cables popular?
— Provide openness, good visibility
— Ductile (if properly anchored)
— Economy

$35 B Cost per Linear Foot of
Spandrel

W Cost per Square Foot of
Spandrel

Barrier Cable

Masonry

$63
Cast-in-place

Precast at Site

$125
Precast

e .
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Fig. 16.2 Cost of Exierior Barrier Systems
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Building Code Requirements

Vehicle impact requirements

—IBC 2006
* 6 kips at 18" above finish floor
« Silent as to how many cables take bumper loads
« Silent as to allowable deflection

—IBC 2009
» 6 kipsat 18" or 27"
« Sitill silent as to how many cables take bumper load
« Still silent as to allowable deflection

—Suggestion

« Consider 3 cables share bumper load (as recommended by chapter
16 of PTI design handbook).

* Obviously at ultimate more than 3 cables are engaged.
 PTIlrecommends 18" maximum deflection.
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B2

Building Code Requirements

* Pedestrian loads and fall protection (IBC)

— Fall protection
« Barriers must be 42” high minimum.
* 4” sphere shall not pass thru any opening up to a height of
34
» 8” sphere shall not pass thru any opening above 34”

— Design Loads
» Handrails and guardrails
— 50 plf applied in any direction
— 200 point load in any direction on top rail

» Codes do not explicitly state if pedestrian loads must be
applied simultaneously to every bay.

» Suggest considering a 50 plf live load applied to any single
bay
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Barrier cables typically are not really handrails or guardrails, but industry practice seems to be to use these loads. 
Not practical to consider loads on every bay. Buildup of force will be huge.
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Failure Mechanisms
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Presentation Notes
Instructive to review failure mechanisms before going on to problem areas
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()

Potential problem: Short cable runs

MAR & 2007
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(10) 1 1/4” epoxy bolts req’d 
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§ Potential problem: Short cable runs

There are 2 problems with short cable lengths:

 Short cables develop tremendous tension due to
horizontal loads.

« They can be difficult to stress.
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Potential problem: Short cable runs

Tension force equation (energy method)
- ()
L N

Note L IS In
denominator
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Problem: Stressing short cables

Initially
pull
cables

Then, back
Stress to
lock wedges

The problem is the hydraulic jack......

Jacking force = final
_ _, cable pretension +
add’l force needed to
overcome seating

Stressing

losses
Unstressed Barrier Hydraulic Jack (Stress to
Cables Force Required By Design) _ _
Seating loss varies
. with hardware,
Back Stressing ; / t. ardwa e,,
et typically = 3/8
Cable is sucked
back in 3/8”
Unstressed Barrier Cables Temporary Slotted
Steel Plate
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Those familiar with P/T design are aware that there is a minimum length where tendons can be effective due to seating losses. There is a similar situation with barrier cables.
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Problem: Stressing short cables

Example: 18’ long cable w/ 2 kip specified prestress......

* The cable elongation corresponding to 2 kip prestress = 3/32”
« But, seating loss = 3/8" (more than the elongation)

 The cable needs to be pulled 3/8"+ 3/32” = 15/32”

e This requires an initial pull of 9.6 kips!

 The anchorage must be designed for 9.6 kips.

Unstressed Barrier Hydraulic Jack (Stress to
Cables Force Required By Design)

Back Stressing

Unstressed Barrier Cables Temporary Slotted
Steel Plate
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Maybe ok for cables sleeved through columns. Not advisable for cables anchored to embed plates or steel posts. 
Hard to have consistent force when you are dealing with miniscule elongations. 
I like this picture because it shows cables being stressed, and then back stressed, one a a time. 
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Problem: Stressing short cables
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Problem: Stressing short cables
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Q Problem: Stressing short cables

Solution: Threaded type end anchors which
are stressed by turn of nut.

Swaged end Anchor

Adjustable Anchor GRAB-IT™
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Word of caution: No good way to measure force in cable
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Problem: Long spans between supports

T

© Copyright Post-Tensioning Institute all rights reserved. Page 16 of 25



Rashid Ahmed, PE, SE, Vice President
2009 PTI Technical Conference Barrier Cable Design Considerations in Parking StructuresMay 4, 2009 Ryan Frederick, PE, Senior Engineer

B2

Problem: Long spans between supports

Do not underestimate the amount of pretension required to
eliminate sag.

— 30’ long span requires 3.2 kips pretension to eliminate
visible cable sage.

— PTI recommends 2 kips min. for an 18’ bay to eliminate
cable sag.

— Intermediate supports help limit sag cable (but not
lateral deflection)

* Do not underestimate how much long cables will deflect
under horizontal loads.

— Example: (6) 30" bays = 180 long cable, 3.2 kip

pretension, 6 kip bumper load taken by 3 cables
(2k/cable)

o Cable deflection = 22” (does not meet PTI
recommendation of 18” max deflection)

— Spreader bars help distribute load to more than (3)
cables, but this is not recognized by any Code or
standard.
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Presentation Notes
So watch out if you are specifying 1.5 kips
Clearly more than 3 cables share load……but that seems to be what people consider.  
Cable may not protect walls or sensitive finishes beyond
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()

Problem: Long spans between supports

DEC 14 2005

e
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Presentation Notes
Solution is to add an intermediate bollard support. 
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Potential problem: Anchoring to
cantilevered steel posts

Leaning -

Rotating
base
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Presentation Notes
Cables were overstressed……..but we didn’t know it at the time.  
Not all problems due to overstress, also installation problems
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Potential problem: Anchoring to
cantilevered steel posts

Weld

washers

Grout too
thick- bolts

can deform
w/in grout

Bad shims
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Presentation Notes
We did not call for this much grout.  Tall grout is bad because the bolts can bend with the grout depth.
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()

Potential problem: Anchoring to
cantilevered steel posts

Oversize |
holes

Grout void |
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The bolts were also miss-located. Every base plate was different.  Moving blots changes the torsional shear behavior of the group. Oversized holts allow bolts to shift and rotate.
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Problem: Anchoring to cantilevered steel
posts and bollards

* Very sensitive to construction tolerances.
e Sensitive to cable overstressing.

 Beware of using anchor bolts to resist
large shear loads. Bolts can bend within
grout depth.

e Try to avoid cantilever elements.
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Conclusions and Recommendations

e Specifications
— Require the barrier cable supplier to
calculate the required jacking force and
submit calculations as part of the submittal

package. (Same as for P/T floor
submittals).

— Require Stressing records be kept and
submitted to Engineer. Do not allow cables
tails to be cut w/o approval of Engineer.
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Presentation Notes
Basically treat this similar to P/T beam/slab shop drawings. 
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Conclusions and Recommendations

* Do not allow wedge anchors for cables
lengths < 60 ft or so.

« Specify cables be back stressed
Immediately after stressing to prevent a
buildup of forces on the anchorage
assemblies.

* The barrier cable installation should be a
continuous Iinspection item.

o After construction, components of barrier
cable system need to be reqularly
Inspected and maintained.
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