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Background 

Structural Engineers: 

•  Design reinforcement bars inside concrete 
elements to resist code permanent loadings. 

•  Specify bar reinforcement details (cover, 
spacing, and splice type).  

• Pepare contract document (Drawing and 
Special Provisions) for the reinforced concrete 
elements.  

 

 

 



Background 

Contractors:  

• Must build the reinforced concrete elements 
according to the contract drawings, special 
provisions and State Standard Specifications. 

• Choose Methods and Means on how to build 
the reinforced concrete elements.  

• Utilize steel fabricators and detailer to furnish 
and assembly reinforcement bars. 

 

 



Reinforcement Bar Assembly 

• Steel Detailer prepare shop plans according to 
the contract drawings (bar schedule: size 
length, spacing, splice details). 

• Structural Engineers approve shop plans. 

• Steel Fabricators assemble bar reinforcement 
and build rebar cages using their expertise 
and CRSI “Placing Reinforcing Bars” document. 

• Steel Fabricator transport rebar cages to site. 



Erecting Rebar Cages 

• Contractors choose how to erect rebar cages: 
number of cranes, concrete forms, type of 
bracing system. 

• Rebar cages are now part of a temporary 
structure that includes: guy wires and their 
connection devices and anchor blocks. 

• Construction engineer design and seal 
temporary structure drawings.  



Caltrans Standard Specifications 
CT Section 52-1.01C(3)-2010 



Caltrans Requirements 

1. Temporary structure shall be designed to 
resist all expected loads. 

2. Temporary structure shall be adequate to 
prevent collapse or overturning. 

3. Requires checking to any temporary release 
of any portions of the support system. 

4. Specify minimum wind load. 

 



Current Practice 

• Construction engineers analyze and design for 
wind loading only. 

• Size guy wires and their connections and 
determine the required anchor weights. 

• Caltrans False Work Manual requires guy wires 
to be pre-tensioned so they become effective 
in resisting loads. 

• Construction workers P/T wires using turn-
buckle or come-along. 

 





Internal Forces in Rebar Cages 

• Rebar cage is part of the temporary structure. 

• The rebar cage has structural boundary 
conditions at the base (fixity, pin, lap-splice) 
and along it height (guy wires) 

• The cage has structural section properties: 
area (A), moment of inertia (Ix, Iy, J) 

• The cage material has Young’s Modulus, E 

• Loads will create axial forces, bending 
moments and shear forces in the rebar cage. 

 

 



What are Loads on Rebar Cages? 
1. Self Weight 

2. Construction Loads 
– P/T Wire forces 

– Live Load (construction workers) 

3. Environmental Loads 
– Wind 

• These loads are not similar to the permanent 
loads that the reinforced concrete element 
was designed for! 

 
 



Engineering Analysis and Design 

• Structural engineer designed the bar 
reinforcements and approved the shop plans. 

• Construction engineers designed the guying 
plan for the temporary structure. 

• So who analyzed, designed and checked the 
rebar cages to the construction loads that are 
subjected to? 

 



 

NO ONE! 





























Collapse of Rebar Cages 

• Collapse of rebar cages is a rare incidence.   

– In California around 60 bridge cages collapsed 
during last 15 years. 

• Collapse is associated with  

– Life safety: injury or death 

– Litigation 

–  Schedule delay 

–  Repair 

• Lack of information on collapse cases due to 
legal issues. 



What Causes Rebar Cages to Collapse? 

• Lack of knowledge and no National Standards 

 

 



Why Rebar Cages Collapse? 

1. Rebar Cage Construction Methods and Means 
– Crane use and number of cranes 
– Decision on using rebar cage to part of temporary 

structure 

2. Lack of Rebar Cage Analysis and Design 
– Cage Axial Resistance 
– Cage own weight 
– Effect of pre-tensioning of  guy wires 

3. Geometrical Disturbance 
– Asymmetrical Guy Wires 
– Guy wire release sequence 
– Accidental load-Crane hit  

 



Collapse of Rebar Cages  

• Instability:  Loss of Stiffness 
– Axial Instability 

– Lateral Torsional Instability  

• Base Boundary Condition 
– Pin or lap splice at base 

• Guy Wires 
– Insufficient Stiffness to brace rebar cage 

– Insufficient Strength to resist lateral loads 

– Asymmetrical configuration 

 

 



Instability of Rebar Cages 
• Instability is a loading condition in which slight 

disturbance in load or geometry cause large 
displacements. 

 

 

 



Axial Stability of Rebar Cages 

Axial Resistance > Axial Load Demand 

 

 

 

Axial Load Demand= W+SPisin ai 
 

a1 

P1 P2 
P2 sin a2 P1 sin a1 

a2 

P2 cos a2 P1 cos a1 

W 



Axial Resistance 

E, I L 

Pcr 

Pcr 

    Resistance Based Axial Stability 
        Euler Critical Load  

   Perfect Straight Member 
   Elastic Behavior 
   First Buckling Mode   
 



Axial Critical Load 

 

 

 

1. E: Material Young’s Modulus 

2. I:  Section Moment of Inertia 

3. L: Height 

4. K: Effective Length Factor-Boundary Conditions 

 

Critical Load 



Effective Length Factor 



Axial Stability under Own Weight 

• Internal Moment 

 

 

 

• Section Moment of Inertia 

qx 

P 

Mint 

x 

y 



Column Under Own Weight 

L 

E, I 

q 



Example of Axial Stability  

• 12”x12” Section 

• Height 30’-0” 

• Longitudinal 4#8 bars 

• Transverse Ties #4@6” 

• Cage Weight: 520 lb 

 

6” 

6” 



Limit State Axial Resistance 

• I=SAd2=4x0.79x62=114 in4 

 

 

• The section moment of inertia equation can be 
used when section area can be fully developed 
0.79x2x60=95 kips. 

• Bars are attached to stirrups by tie wire 
connections  

• Tie wire connections need to develop 95 kips! 



Limit State Axial Resistance 

• Assuming tie wire connections cannot develop 
95 kips. 

• Section moment of inertia will be the 
summation of individual bars 
– I=SIo=4x0.05=0.2 in4 

 

 

• Which section moment of inertia should be 
used! 

 



Rebar Cage Section Moment of Inertia 

I=SIo+bSAd 2  
 

• b is a reduction factor  

– Ratio depends on how much area can be 
developed in one side of the section to its yield 
strength. 

– Depends on tie wire connection  

• Connection Strength 

• Number and Type  



Reinforcement Placement and Assembly 
Rebar Cage 



Material and Gauge No. 

• Black Annealed Wire for General 
Purpose 

– Imported form China 

– Low carbon soft annealed steel  

 Fu min =40 ksi 

• #15 Gauge 

–  Diameter = 0.072 in  

–  Area = 0.004in2  

• Site Visits 

–  # 16 gauge Black Wire 

–  White Wires! 

 

    



Nominal Ultimate Tensile Axial Force 

• #15 gauge,  A=0.004 in2 

 

• Fu=40,000 psi 

 

• Pnominal =160 lb 



TEST # MAX. FORCE (lb) STRESS (ksi) 

1 196 48.2 

2 189 46.4 

3 193 47.3 

4 192 47.2 

AVRG 192 47.3 



Double Snap tie 

Wrap and Saddle Double U-Tie Column Tie 

Single Snap Tie Single U-Tie 

Tie Wire Connections-CRSI 



Single Snap  



Single-U Connection 



Double-U Connection 



Wrap and Saddle Connection 



Rebar Cage Assembly 

Main Cage Components 

• Template Hoops (Orange Color) 

• Pick Up Bars (Green Color) 

Joint Connection 

• Tie wire material and gage # 

• Types of tie wire connections 

• Number of Connections 

• Workmanship 

 









• Four longitudinal bars that form a square 
• Tie at every intersection  
• Double snap tie, Quadruple snap tie  
 



Pick-Up Bar Tying 



• Spaced at 8 to 10 ft 

• Tied at every intersection with the 
longitudinal Rebar 

• Double U-Tie, Wrap-and-Saddle 

 



Template Hoops Tying 



• Zone between template hoops: Field Zone  

• Tie 20%  to 30% alternating joints 

• Single Snap 
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Y: tangential direction 

Z: vertical direction 
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Normal Tangential  Vertical 



1. Six Types of Tie Connections 

• Single-Snap 

• Double-Snap 

• Single-U 

• Double-U 

• Column-tie 

• Wrap-and-Saddle 

 

2. Workmanship 

– Experience vs Inexperience Ironworker 

 

152 Experiments 



SNAP TIE DOUBLE SNAP TIE U-TIE 

DOUBLE U-TIE WRAP AND SADDLE COLUMN TIE 



Translation in the 
normal direction 

Translation in the tangential 
and vertical direction 



Rotation about the 
normal direction 



P-D Nonlinear Response 
Experienced Iron Worker 
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M-q Nonlinear Response 
Experienced Worker 

0 

20 

40 

60 

80 

100 

0 

100 

200 

300 

400 

500 

600 

700 

800 

900 

1000 

0 10 20 30 40 50 60 70 

To
rq

u
e

 (
N

-m
) 

To
rq

u
e

 (
lb

-i
n

) 

Rotation (Degrees) 

Normal Rotation 

Single-U Double-U Double-Snap 

Single-Snap Column-Tie Wrap-and-Saddle 



Ultimate Strength of Tie Wire Connections 

Connection Ultimate Strength 

Connection Type 
Experienced Iron Worker Inexperienced Iron Worker 

N (lb) T (lb) R (lb-in) N (lb) T (lb) R (lb-in) 

Single Snap 305 269 223 281 186 198 

Double Snap 465 506 469 403 313 510 

Single-U 681 469 479 541 544 448 

Double-U 1310 1034 912 1025 721 845 

Column Tie 1101 810 518 972 608 513 

Wrap-and Saddle 1393 1139 865 1235 999 692 



Reflections on Tie Wire Connection 
Tests 

• Established nonlinear response of P-D and M-q 
• Tie wire connections are soft and weak. 

• Best tie wire connection cannot develop 1% of 
the bar area. 

• Caution when determining section moment of 
inertia of rebar cages.  



Lap Splice in Reinforcement Bars and 
Rebar Cages 

• Lap splice lengths were determined for R/C 
elements 

– Length will develop bar area through concrete 
bond stresses. 

• Rebar cages are subjected to construction 
loads.   

– Lap splice strength depends on number and 
strength of tie wire connection.  
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Finite Element Mode 
ADINA Program 
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Model of Tie Wire Connections 



Nonlinear Finite Element Analysis 

Tie Wire Connections 
1. Min Tie: Template Hoops and Pick-up Bars 
2. Max Tying –Every Joint 

r, rs= 
2% 



 
FE Model 

 
Elastic 

Stiffness 
(lb/in) 

 
Max 

Lateral 
Load (lb) 

 
 

Stiffness 
Ratio 

 
 

Load 
Ratio  

Tying  
 

No. of 
Ties 

 
Min 

 

 
620 

 
511 

 
1,160 

 
1 

 
1 

 
Max 

 

 
3140 

(5xMin) 

 
1,600 

 
4,750 

 
3.1 

 
4.1 

Nonlinear FEA Results 

Tie wire connections are not effective in increasing the  
strength and stiffness  



Reflections on FE Analysis Results 

1. Cages are dominated by shear flexibility 
(GAs) and not by flexure (EI). 

2. b factor is almost zero for minimum tying. 

3. Tie wire connections are not effective in 
increasing the strength and stiffness.  

4. Need to significantly increase the cage 
stiffness. 

5. Investigate effect of internal braces 

 



• Two Types: X-Type or Square  
• #8 bars welded in the middles and spaced @ 

10 ft 
• Tied to longitudinal bars and to end rings 
 



X-Brace 

Square Brace 

Cage Internal Braces 



Internal Braces 
X Type 



Internal Braces 
Box Type 





Nonlinear Finite Element Analysis 

1. Min Tying 
2. Max Tying 
3. Min Tying with X-Braces 
4. Min Tying with Box Braces 
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Nonlinear FEA Results 



FEA Results 



Reflections on FEA Results 

• Internal Braces increased the strength and 
stiffness of rebar cage. 

 

• Rebar cages without internal braces are very 
flexible. 

 

• Rebar cages must have internal braces. 

 



Need to determine information on rebar cage 

collapse under controlled environment to: 

• Determine Lateral Strength and Stiffness 

• Progression of Collapse 

• Calibrate Analytical Models 



• Two Full Scale Specimens 

• Fabricated at Pacific Coast Steel similar to Caltrans cage assembly  

• Cage Height 34 ft, Cage Dia 3’-8”, H/D=34’-0”/3’-8”=9.3 

 

 Specimen Longitudinal Bars Transverse Bars Brace Type Weight 

 
I 
 

 
12#11 

 
r=1% 

 
#8@7” 

 
rs=1% 

X 
4#8 

 
4,100 lb 

 
2 

 
24#11 

 
r=2% 

 
#8@3.5” 

 
rs=1% 

Square 
8#8 

 
8,200 lb 

 





Reinforcement Placing 

• Four pick-up bars tied at every Joints 

• Five template hoops tied at every joint 

 
Specimen 

 
Bar Type 

Tie Wire Connection Types 

2-Snap 4-Snap Column-tie Wrap & 
Saddle 

 
I 

Pick-up 20% 70% 4% 6% 

Template 0% 33% 33% 33% 

 
II 

Pick-up 90% 5% 0% 5% 

Template 5% 0% 0% 95% 



Number and Type of Tie Wire 
Connections 

 
Specimen 

 
# Joint 

%Tied Joints  
No Ties 2-snap 4-Snap Column 

Tie 
Wrap & 
Saddle 

I 708 21% 41% 2% 4% 28% 

II 2808 33% 10% 1% 4% 52% 



Test Set-up 

• Fixity at the base of the cage 

• Load applied at 23 ft high through two 7/16”-
dia guy wires @ N-S and E-W directions 

• Guy wire inclination 33 degrees 

• Load applied through hydraulic wench with 
displacement control at the two locations 















































 Specimen II 

 ρ = 2% (24 #11 rebar) 

 ρ s=2% (#11@3.0 in) 

 Square braces 

 Weight 8,200 lb 
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• ADINA v.8.6 
• Tie Wire Connections 

– Strength 
– Stiffness 

 

• Longitudinal bars 
– Axial 
– Flexure 
– Torsion 

 

• Bracing Element 
– Boundary Conditions and 

Buckling 
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Deformed Shape of Specimen I 

Measured (Dark) 
Analytical (Light) 
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Common Practice in Rebar Cage 
Assembly 

• Bar Placement 
– Spacing of template hoops 
– Number and Location of pick-up bars 
– Number of connections in field zones 

• Tie Wire Connections 
– Types and Locations 

• Braces 
– Box braces (#8 and #11) 
– Spacing 
– Connections to pick-up bars 

• CRSI “Placing Reinforcing Bars” and State DOT 
Standard Specs 



CT Standard Specs 52-1.03D-2010 



 Rebar Cage Stiffness 

• Common Bridge Rebar Cages 
– 4, 6, and 8 ft diameter 
– r=1, 1.5, 2.0, 2.5% Reinforcement 
– H=30, 40, 50, 60, 70, 80 ft 

• Template Hoops @7’-0” 
• Bracings  

– Box #8 bars 
– Box #11 bars  

• Tying  
– #15 Gauge, Wrap-and-saddle 
– Template Hoops and Pick-up Bars only 
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Average Limit Drift =3% Average Limit Drift =4% #8 brace 
bar 

#11 brace 
bar 



0 

100 

200 

300 

400 

500 

600 

700 

800 

2 4 6 8 10 12 14 16 18 20 

S
ti

ff
n

e
ss

 (
lb

/
in

) 

H/D 

Internal Braces using #8 rebar  

1.0% 1.5% 2.0% 2.5% 

0 

100 

200 

300 

400 

500 

600 

700 

800 

2 4 6 8 10 12 14 16 18 20 
S

ti
ff

n
e

ss
 (

lb
/

in
) 

H/D 

Internal Braces using #11 rebar  

1.0% 1.5% 2.0% 2.5% ρ: ρ: 



Example Rebar Cage Stiffness 

• H=34 ft, p=2%, D=4 ft, Box Braces #8 

 

 

 

 

• Elastic Stiffness K=120 lb/in 

 

 



Guyed Temporary Structure 

• A Guy is defined in Dictionary.com as: “Rope 
or cable used to steady an object.” 

• Current Practice 

– Wire ropes are attached to cage and to anchor 
weights  

– Analyzed and designed to resist wind load only.     





Standards and Guidelines for 
Temporary Structure Design and 

Analysis 

• Lack of standards and 
guidelines! 

• CT Guidelines for Only 
wind analysis and design of 
guy wires, attachments, 
and anchor weights 

 



Guy Wires 
• EIPS IWRC 6x19 Guy Wire  

 



Guy Wires in Rebar Cages 

• Tensile strength 245 to 340 ksi 

• Size dia. 3/8”, 7/16”,  1/2” , 5/8” 

• Area= .11, .15, .196, .307 

• E=Young’s Modulus and Wire Rope Manual 

– Nominal Value and Reduced Value 

– 11,000 to 14,500 ksi 

– Nominal value used for loads greater than 20% of 
breaking strength 

 



Stretch in Wire Ropes 

• Constructional Stretch and Elastic Stretch: 
different values of E at various stages of 
loading. 

– Constructional stretch occurs when a cable is 
loaded for the first time.  Depends on wire 
number of strands, number of wire in each strand 
and the type of core 

– Elastic Stretch result of inherent elasticity or 
recoverable deformation of the metal itsef 

 

 



Pre-tensioned Guy Wires 

• Caltrans Falsework Manual  

• Preloading is necessary to ensure 
that cable units will act elastically 
when load are applied. 

• Remove any slack wire! 

• Come-along, Jaw Turnbuckle 

 

 



Why Pre-tension Guy Wires?  



Unsymmetrical Guy Wire Pretensioned 
Forces 

Lateral Load on Rebar Cage 
 

b 

P1 P2 

P2 cos b P1 cos a 

a 



Plan View of Cage and Different P/T of 
Guy Wires 

P1 
P2 

P4 
P3 

Torque on cage 



Needs for Guy Wire Plans 
• Need to specify P/T force in the field. 

• Need make sure that P/T forces are balanced. 

• Net lateral force should be very small! 

• Wire Tension Meter up to 10,000 lb 



Common Practice in Analysis of Guyed 
Temporary Structures 

• No National Standards 

• California Bridge Contractors 

– Tributary area and  statics to determine guy wire 
force for wind loads 

– CT min Wind Pressure from 20 psf up to 35 psf 

• No Checks on other Loads! 

• No checks on rebar cages! 



CT Static Analysis for Guy Wire Design 
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Analysis with Pin Base, Effect of Wire 
Flexibility and Cage Stiffness 



Analysis with Fix Base, Effect of Wire 
Flexibility and Cage Stiffness 



Other Bridge Contractors 

• Use structural analysis with fixed base and 
rigid roller support at the guy wire location! 

 

• ASCE 7 Wind Loading!  

 



Analysis with Fixed Base and Rigid 
Roller Support 



Effect of Guy Wires on Cage Stability 

• Can guy wire enhance the stability of rebar 
cage by reducing the K? 



Stiffness Needed in Guy Wires 
AISC Appendix 6 



Required Stiffness in Guy Wires 



Buckled Mode Shape with Effective 
Guy Wire Stiffness 



What about Pin Base or Lap Splice? 



Buckling Load on Pin Base Column 

L 

E, I 

q 

K=? 



Stability in Pined Base Rebar Cage with 
Effective Guy Wire Stiffness  

• VERY CRITICAL and Potential of Collapse is HIGH 

• Stability depends on:  

– Presence of internal braces 

–  Guy wire stiffness 

– Strength of guy wire connections 

• High uncertainties, use TWO CRANES operation 

• Cage should be held at all times till it is secured 
inside column forms 

 



Effect of Lap Splice in Rebar Cage 

• For fixed column base with lap splice (dowels), 
still used in many parts of the US. 

• Strength of the splice is the strength of the tie 
wire connections (number, type, 
workmanship) 

• Splice will slip under construction load 

• Treat rebar cage as PINNED Base! 

 





Observations and Conclusions 

• Rebar cages with no internal braces have low 
stiffness. 

• Guy wires needed to be checked for stiffness 
in addition to strength 

• Need to perform dead load and stability 
analysis in addition to wind analysis. 

• Cage height and base boundary condition play 
a critical role in stability. 



• Rebar Cage should have internal braces (X or 

square #8 or #11 bars) 

• ‘Template Hoops’ and Pick-up bars tying is critical. 

• Internal braces should be connected to ‘Pick-Up’ 

bars. 

• Number of tying in field zone does NOT have 

significant effect on lateral stiffness and strength. 

 



 Tie wire connections shall use No. 15 gage, soft 

annealed black steel with min Fu=40 ksi. 

 

 At least four vertical bars that form a square shall be 

tied at every intersection with at least double tie wire 

connections.  The strength of these connections shall 

be adequate for cage pick-up. 



 At a maximum of eight feet increments, template 

hoops shall be tied at every intersection with wrap-

and-saddle tie wire connection. 

 At least 25% of the remaining reinforcement 

intersection shall be tied with single tie wire 

connections. Ties shall be staggered from adjacent 

ties. 

 At a maximum of alternating ten feet increments, 

internal braces with square configurations, min #8 

bars, with interlocking hoops at the ends shall be 

provided and connected to the pick-up bars.  These 

bracing shall be adequate for cage lift and 

transportation. 



Needs to Mitigate Rebar Cage Failure 

1. Develop guidelines and examples 

– Analysis and Design of rebar cages for gravity and 
lateral loading  

– One and multi-level guying 

 

2. Understand the behavior of rebar cages during 
transporting and erecting.  

– Develop best practices 

 

 



Transporting Rebar Cages 

• Horizontal Pick 
– Location of Pick-up Points 

– Cage Bending 
• Type and number of internal braces 

• Cage Tilt 
– Distribution of Pick Forces 

– Effect of Ground Contact 

• Vertical Pick 
– Location of Pick Points 

– Distribution of Forces along Pick-up Bars 

 





















Concluding Remarks 

• Structural failures are not just accidents….  
They are the results of human error 
originating from lack of knowledge, no 
specifications and standards or oversight. 

 

• Adequate analysis, design and construction 
will save larger costs in repair, schedule delays 
and litigation! 
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Hazards are out there! 



Robert Ceja – 2007 Fatality 























What do we do from here as 
Industry Members? 

 Continue this type of education 

 Applying this knowledge to all aspects of 
cage construction 

 Clearly establish who has custody of care 

 Proper planning of procedures and 
putting them in writing to ensure good 
communication through out the process 

 Support further research and forums to 
share lessons learned 



Labor & Management 
Responsibilities 

 Shared responsibility for zero fatalities and 

injuries 

 Ensure contract language addresses the best 

practices and steps required for safe erection 

 Get engaged with IMPACT and CRSI Safety 

Committee work 

 Get your local stakeholders together to talk 

about these issues 

 Support the current Reinforcing OSHA 

Subpart negotiations and rulemaking or 

public comment 



Industry Coalition of Stakeholders  

 Iron Workers International 

 Department of Reinforcing Ironworkers Advisory 
Committee 

 IMPACT 

 Concrete Reinforcing Steel Institute 

 Post Tensioning Institute 

 National Association of Reinforcing Steel Contractors 

 The Center for Construction Research and Training 

 Western Steel Council 
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Specific Requirements for 

Vertical & Horizontal 

Column Stability 

1926.700?? 
 

1.All vertical and horizontal 

columns shall be guyed, shored, 

or supported to prevent 

collapse. 

2.The installation  and removal 

of guying, bracing, and shoring 

shall be under the  supervision 

of a competent and qualified 

person. 

 

 



 
 

 

 

 

 

  

 

Specific Requirements to Prevent Column Collapse 



 
 

 

 

 

 

  

 

Requirements  to Prevent Collapse of Horizontal Columns  





Why we work safely! 


