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FOREWORD

This Standard is an updated and expanded version of 
ASCE Standard 19-96, which it replaces. It has been 
prepared in accordance with recognized engineering 
principles. This Standard should not be used without 
fi rst securing competent advice with respect to its 
suitability for a given application. The publication of 
the material contained herein is not intended as a 
representation or warranty on the part of the Ameri-
can Society of Civil Engineers, or of any other person 
named herein, that this information is suitable for a 
general or particular use, nor does it promise freedom 
from infringement of any patent or patents. Anyone 
making use of this information assumes all liability 
for its use.

As background, development of this Standard can 
be traced to the Tentative Criteria for Structural
Applications of Steel Cables for Buildings published 
by the American Iron and Steel Institute (AISI) in 
1966. Later infl uential publications were Design
Fundamentals of Cable Roof Structures published by 
AISI in 1969; the paper titled “Cable-Suspended Roof 
Construction State-of-the-Art” in the Journal of the 
Structural Division, ASCE, 1971; the Manual for 
Structural Applications of Steel Cables for Buildings,
AISI, 1973; and the prior edition of this Standard, 
ASCE 19-96. References used to develop particular 
provisions of this Standard are included in the 
Selected Bibliography to be found in the Commentary.
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ASCE STANDARD 19-10
STRUCTURAL APPLICATIONS OF STEEL CABLES 
FOR BUILDINGS

Fitting: any accessory used as an attachment to, or 
support for, the cable or its components.

Grade: classifi cation of cable by nominal cable 
strength and/or metallic composition of wire.

Modulus of Elasticity: the slope of the secant to the 
stress–strain curve between the stress at 10% of 
the nominal cable strength and 90% of the 
prestretching force.

Nominal Cable Strength: strength of a cable in units 
of force, as given in ASTM or other applicable 
standards.

Prestressing: tensioning a cable at installation.
Prestretching: tensioning a helically twisted cable 

according to a predetermined program in order to 
minimize constructional stretch.

Prestretching Force: tensile force applied to a cable 
one or more times and held for a specifi ed duration 
during prestretching.

Rope: a plurality of strands twisted about an axis, or 
about a core which may be a strand or another wire 
rope.

Strand: a plurality of wires helically twisted about an 
axis.

Termination: a device, also known as an end fi tting, 
attached to a cable to transfer the tension in the 
cable to its supporting anchorage.

Wire: a single continuous length of steel with a 
circular or noncircular cross section. Wires of 

1.0 GENERAL

1.1 SCOPE

This Standard provides requirements for the structural 
design, contract documents, shop drawings, fabrica-
tion, and installation of cables for use as static 
structural elements for the support and bracing of 
buildings and other cable-supported structures not 
subjected to vehicle loads. Parts of buildings to which 
this Standard is applicable include roofs, fl oors, 
curtain walls, masts, and nets. Guyed utility towers 
and vehicular bridges are not covered by this Stan-
dard. This Standard applies to carbon steel and 
stainless steel cables.

1.2 GLOSSARY

Anchorage: the structural connection at which the 
cable is terminated.

Cable: a fl exible tension member, strand, or rope.
Clamp: a cable fi tting that transfers force by friction.
Damper: an active or passive device attached to the 

cable structure that modifi es the structural response 
to dynamic loads.

Defl ector: a grooved cable support used to create an 
angle change in the cable. Also known as a saddle.

FIGURE 1-1. Nominal Cable Strength.
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circular cross section are cold-drawn from rod. 
Wires of noncircular cross section are either cold-
drawn or cold-rolled from rod.

1.3 SYMBOLS AND NOTATION

 C = erection or temporary load during construction
 D = dead load due to weight of the structure and the 

permanent features on the structure
 Di = weight of ice
 E = earthquake load
 ES = modulus of elasticity (secant)
 L = live load due to occupancy and movable 

equipment
 Lr = roof live load
 P = prestress force
 R = rain load
 S = snow load
 Sd = design strength of the cable, computed using Sn

and reduction factors
 Sn = nominal cable strength
 T = cable tension
 W = wind load
 Wi = wind load on cable coated with ice
 Nd = defl ector reduction factor
 Nf = fi tting reduction factor
 Δt = temperature change

1.4 REFERENCE STANDARDS

For design loadings, see Section 3.2.1.
For cable materials, see Section 4.1.
For nondestructive examination of cables and fi ttings, 

see Sections 5.2 and 9.0.
For corrosion and fi re-protective coatings, see Section 

6.0.

2.0 CONTRACT DOCUMENTS AND SHOP 
DRAWINGS

2.1 CONTRACT DOCUMENTS

2.1.1 Contract Drawings
The Contract Drawings shall indicate the horizontal 
and vertical location of the cables and their connec-
tions for a specifi ed load and temperature, typically 
the fi nal dead load condition at the ambient tempera-
ture. Dimensions and loading data shall be shown to 
enable the computation of cable lengths under the 

specifi ed condition. Required prestressing at erection 
shall be shown.

Terminations, fi ttings, anchorages, and other 
support details shall be fully detailed or suffi cient data 
shall be provided to enable their selection and 
procurement. The required camber of supporting 
structural members and the required initial out-of-
plumb of columns shall be shown on the drawings. 
The erection procedure modeled in the structural 
analysis and design shall be outlined in the contract
documents with a statement indicating whether it is a 
suggested procedure or is mandatory because of 
controlling loadings or displacements of the cables or 
supporting structure.

2.1.2 Contract Specifi cations
For each type of cable in the proposed cable structure, 
the Contract Specifi cations shall indicate the diameter 
(size), the type of cable, the wire coating, the grade of 
cable, prestretching requirements, and the applicable 
material or testing specifi cation. If there are additional 
design requirements for cables, they shall be included 
in the Contract Specifi cations. The required tension in 
the cables when length and diameter measurements 
are made shall be indicated. Cable and fi tting manu-
facturing tolerances required for design or erection 
conditions shall also be given. The Contract Docu-
ments shall also state the erection tolerances, both for 
the fi nal geometry of the system and the prestressing 
forces. The Contract Specifi cations shall identify all 
other required submittals, including shop drawings 
and test reports.

2.2 SHOP DRAWINGS

Drawings for the fabrication of cables and fi ttings 
shall refl ect the requirements indicated in the Contract 
Documents. Exact locations, material, sizes, and 
lengths of all cables and fi ttings shall be shown, as 
well as fabricating and preparation procedures for 
cables and fi ttings. Where approved substitutions or 
changes from the Contract Documents are made, an 
alternate member or fi tting shall be detailed that will 
satisfy the loading and confi gurations indicated in the 
Contract Documents.

As part of the Shop Drawings, separate erection 
drawings shall be prepared to show the critical 
sequence, procedures, and methods of erection. The 
Erection Drawings shall be accompanied by an 
erection analysis; see Section 3.4.5.

Shop Drawings and test reports shall be submit-
ted to the Engineer for review.
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3.0 DESIGN CONSIDERATIONS

3.1 DESIGN BASIS

The cable system, including its masts and struts, shall 
be designed to safely support the design loading 
specifi ed herein without exceeding the allowable force 
in any member. It shall also be designed to have 
adequate rigidity in order to limit displacements to 
values that would not adversely affect the serviceabil-
ity of the structure.

3.1.1 Structural Integrity
The complete structural system of the building, 
including the cable system with its masts and struts, 
shall be confi gured with regard to maximizing 
structural redundancy and robustness. Failure or 
malfunction of any one local component should not 
create a dangerous condition or collapse of a larger 
part of the structure.

3.1.2 Replacement of Members
Cables and struts shall be designed to be replaceable.

3.2 DESIGN LOADINGS

3.2.1 Loads
In the absence of an applicable local building code, 
the design loads shall be those given in ASCE/SEI 
7-10, Minimum Design Loads for Buildings and 
Other Structures. Additional load provisions shall be 
based on the following considerations: aerodynamic 
effects on individual cables and complete cable 
structures, either by means of numerical dynamic 
analysis or through wind tunnel tests; wind-induced 
structural vibration and fatigue effects; and the effects 
of creep.

3.2.2 Load Combinations
Cable tension, Tn, which is the effect of load, shall be 
calculated for the following load combinations:

T1 = cable tension due to D + P
T2 = cable tension due to D + P + L
T3 = cable tension due to D + P + (Lr or S or R)
T4 = cable tension due to D + P + 0.75 L + 0.75 

(Lr or S or R)
T5 = cable tension due to D + P + (0.6 W or 0.7 E)
T6a = cable tension due to D + P + 0.75 L + 0.75 

(0.6 W) + 0.75 (Lr or S or R)
T6b = cable tension due to D + P + 0.75 L + 0.75 

(0.7 E) + 0.75 S

T7 = cable tension due to 0.6 D + P + 0.6 W
T8 = cable tension due to 0.6 D + P + 0.7 E
T9 = cable tension due to C + the erection 

components of D, L, P, and W.

The tension T2 and T4 shall be computed for the full 
range of temperature to which the structure is 
assumed to be subjected.

3.2.3 Load Combinations Including Atmospheric 
Ice Loads
When the structure is subjected to atmospheric ice 
and wind-on-ice loads, cable tensions due to the 
following load combinations shall be considered:

1. 0.7 Di shall be added to the equation for T2.
2. (Lr or S or R) in the equation for T3 shall be 

replaced by 0.7 Di + 0.7 Wi + S.
3. W in the equation for T7 shall be replaced by 

0.7 Di + 0.7 Wi.

3.3 CABLE STRENGTH

3.3.1 Design Strength
The design strength, Sd, of each cable shall be equal 
to or greater than 2.2 Tn, where the load combination 
number n = 1 to 9.

The design strength, Sd, of the cable shall normally 
be taken as the smaller of:

Sd = Sn × Nf or Sd = Sn × Nd

in which

Sn = nominal cable strength.
Nf = fi tting reduction factor, and
Nd = defl ector reduction factor (Nd = 1 for the case of 

no defl ector).

3.3.1.1 Fitting Reduction Factor
To account for the reduction in available strength 
caused by the action of the end fi tting in transferring 
tension from the cable to the fi tting, the factor given 
in Table 3-1 shall be applied.

3.3.1.2 Defl ection Reduction Factor
To account for the reduction in available strength due 
to curvature of the cable over a saddle, the factors 
given in Table 3-2 shall be applied.

Table 3-2 applies to saddles for which the live 
load changes the defl ection angle of the cable less 
than 2 degrees for strand and 4 degrees for rope, per 
saddle end. For anticipated larger defl ection angle 
changes, the defl ection reduction factor shall be 
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determined by an approved method. Table 3-2 is 
limited to curvature induced by saddles.

3.3.1.3 Elevated Temperature Effect
The possibility of elevated temperature above 
200 °F (93 °C) and its effect on the mechanical and 
physical properties of cables and end fi ttings shall be 
considered during the design. For temperatures above 
200 °F (93 °C), the nominal cable strength, Sn, and 
the cable’s modulus of elasticity, Es, shall be appro-
priately reduced in calculations.

3.3.1.4 Fatigue Strength
The possible reduction in cable strength due to fatigue 
shall be evaluated when the cable will undergo 
repetitive fl uctuating loads, vibration due to wind or 
rain, or other dynamic effects. Fluctuating tension-
tension or bending and tension shall be considered.

Factors that decrease a cable’s fatigue strength 
are provided in the Commentary, Section C3.3.1.4.

3.3.1.5 Creep Effect
Creep, or long-term elongation of a prestretched 
cable, shall be evaluated. Factors infl uencing creep are 
provided in the Commentary, Section C3.3.1.5.

3.3.2 End Fittings
Fittings shall develop an ultimate strength greater than 
the specifi ed nominal cable strength. Moreover, 
fi ttings shall be designed such that the computed 
average stresses across the fi tting body are less than 
the yield stress of the fi tting material under a static 
tension force. The static tension force shall be equal 
to the specifi ed nominal strength of the rope or strand 
for which the fi tting is designed. Localized yielding at 
stress concentrations, such as at the line contact of 
pins and the roots of screw threads, is permitted at the 
cable working tension. Under special circumstances, 
overdesigned cables may terminate with convention-
ally sized fi ttings, or conventionally designed cables 
may terminate with oversize fi ttings. Such designs 
shall be based on data supplied by an assembler or a 
fi tting manufacturer regarding fi t of the cable in the 
fi tting and the stresses in the fi tting.

3.4 STRUCTURAL ANALYSIS

3.4.1 General Considerations
Cable systems inherently exhibit nonlinear behavior. 
Therefore, the design basis for cable systems shall 
include nonlinear considerations and analyses. 
Commentary Section C3.4.1 provides a brief discus-
sion of the nonlinear behavior of cable systems. The 
structural analysis shall be based on the following 
considerations in addition to those mentioned else-
where in this Standard:

• Elastic stretch of the cables and deformation of 
the supporting structure shall be taken into 
account in the design.

• Nonlinear analyses shall be performed if it is 
determined that the magnitudes of the cable 
displacements are such that the equilibrium 
equations should be based on the geometry of 
the displaced structure.

3.4.2 Serviceability
At an early stage of the structural design, the Owner, 
Architect, and Engineer shall establish the serviceabil-
ity requirements for the cable system, including 
requirements for cable repair and replacement. Local 
building ordinances shall be taken into account. 
Numerical analyses shall be performed to demonstrate 
that the serviceability requirements for defl ection and 
vibration will be met.

3.4.3 Vibrations
The effect of dynamic loading on cable stresses, 
fatigue, and defl ections of the individual cable and the 
entire structure shall be considered in the design.

Table 3-1 Fitting Reduction Factors

Type of Termination

Fitting Reduction 
Factor Nf

Rope Strand

Poured socket (zinc, zinc-aluminum-
mischmetal alloy, or resin)

1.00 1.00

Swaged socket 1.00a 0.90b

aRegular lay ropes only. Verify with manufacturer for sizes over 
2 in. (51 mm).
bConfi rm with manufacturer.

Table 3-2 Defl ector Reduction Factors

Ratio: Saddle Radius 
to Rope Diameter

Ratio: Saddle Radius 
to Strand Diameter

Defl ector 
Reduction
Factor Nd

15 and over
14
13
12
11

10 minimum

20 and over
19
18
17
16

15 minimum

1.0
0.95
0.90
0.85
0.80
0.75
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3.4.4 Defl ections
Cables shall be so proportioned that the maximum 
defl ections under the combined action of applied 
loads, temperate change, and cable stretch will satisfy 
the serviceability requirements.

3.4.5 Erection Analysis
A structural analysis shall be performed for the 
suggested or mandatory erection procedure consider-
ing the effects listed in Section 3.4.1. Should devia-
tions be made in the suggested erection procedure, 
the erector shall have an independent professional 
engineer experienced in cable-system erection perform 
an erection analysis to match the revised methods, 
equipment, and sequence.

4.0 CABLE MATERIALS

4.1 CABLE SPECIFICATIONS

This Standard applies to cables conforming to the 
following standard specifi cations:

ASTM A368-95a(2009). Standard Specifi cation for 
Stainless Steel Wire Strand

ASTM A474-03(2008). Standard Specifi cation for 
Aluminum-Coated Steel Wire Strand

ASTM A475-03(2009)e1. Standard Specifi cation for 
Zinc-Coated Steel Wire Strand

ASTM A492-95(2009). Standard Specifi cation for 
Stainless Steel Rope Wire

ASTM A586-04a(2009)e1. Standard Specifi cation for 
Zinc-Coated Parallel and Helical Steel Wire 
Structural Strand

ASTM A603-98(2009)e1. Standard Specifi cation for 
Zinc-Coated Steel Structural Wire Rope

ASTM A855/A855M-03(2009). Standard 
Specifi cation for Zinc-5% Aluminum-Mischmetal 
Alloy-Coated Steel Wire Strand

ASTM A1023/A1023M-09 (2009). Standard 
Specifi cation for Carbon Steel Wire Ropes for 
General Purposes, Table 9 (for specifi c 
application, see Commentary Section C4.0)

UNE-EN 12385-10 : 2004 + A1 : 2008 (2008). Steel
Wire Ropes – Safety – Part 10: Spiral Ropes for 
General Structural Applications

Some of the above cable specifi cations apply to 
cables of a specifi c construction. This Standard does 
not exclude cables of other construction provided that 
the chemical and mechanical properties of the wires 
constituting the cables conform to the requirements of 
one of the above specifi cations, and provided that the 
cables do not have nonmetallic (fi ber) cores. Stainless 

steel cable construction similar to the above specifi ca-
tions is acceptable provided that the stainless steel 
wire conforms to ASTM A492.

4.2 PRESTRETCHING

For each type and construction of cable specifi ed in 
the Contract Documents, the prestretching require-
ments shall be explicitly stated. For prestretched 
cables, the minimum value of the modulus of elastic-
ity, Es, of the cable after prestretching shall be 
specifi ed. Prestretching force shall not exceed 55% of 
the minimum breaking force. For cables more than 
2.5 in. (63 mm) in diameter, consultation with cable 
manufacturers during structural design is 
recommended.

5.0 FITTINGS

5.1 MATERIALS

When selecting fi tting materials, the compatibility of 
the cable and fi tting materials shall be considered. 
Compatibility includes thermal expansion and 
corrodibility.

5.2 INSPECTION

Stock or standard sockets shall be subjected to the 
manufacturer’s quality control testing. For special 
sockets, additional inspection and/or proof loading of 
the fi ttings shall be specifi ed. Approved ASTM 
nondestructive testing procedures are: magnetic 
particle, dye penetrant, ultrasonics, and radiography. 
No cracks or other injurious defects shall be present 
in the fi ttings. The design documents shall specify the 
type of nondestructive tests, the frequency of testing, 
and acceptance criteria.

The following standards for nondestructive 
testing of fi ttings may be used:

ASTM E94-04 (2004). Standard Guide for 
Radiographic Examination

ASTM E125-63(2008). Standard Reference 
Photographs for Magnetic Particle Indications on 
Ferrous Castings

ASTM E165-09 (2009). Standard Practice for Liquid 
Penetrant Examination for General Industry

ASTM E709-08 (2008). Standard Guide for Magnetic 
Particle Testing

ASTM E1030-05 (2005). Standard Test Method for 
Radiographic Examination of Metallic Castings
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ASTM E1417-05e1 (2005). Standard Practice for 
Liquid Penetrant Testing

ASTM E1444-05 (2005). Standard Practice for 
Magnetic Particle Testing

ASTM E1742-08a (2008). Standard Practice for 
Radiographic Examination

5.3 END FITTINGS

End fi ttings preferably shall be accessible and 
positioned so as not to create a collection basin for 
dirt or moisture. Additional corrosion protection for 
cables entering a fi tting where dirt and moisture may 
accumulate shall be provided. Examples of representa-
tive end fi ttings are contained in the Commentary 
Appendices A.2 and A.3.

5.3.1 Zinc-Poured and Mischmetal-Poured Fittings
Zinc for zinc-poured fi ttings shall conform to prime 
western, high-grade, or higher-purity zinc as defi ned 
in ASTM B6-09 (2009). The service temperature for 
zinc-poured fi ttings shall not exceed 250 °F (120 °C). 
The use of mischmetal-poured fi ttings may be 
approved when based on data supplied by the cable 
manufacturer.

5.3.2 Resin-Poured Fittings
The resin used in thermoset resin sockets shall have 
suitable characteristics and properties for both uncured 
and cured conditions. Approval of resin properties 
(including shelf life) and any precautions for its use 
(including service temperature range) shall be based on 
data supplied by the resin manufacturer. Sockets shall 
have been specifi cally designed for resin socketing.

5.3.3 Swaged Fittings
Swaged fi ttings may be utilized provided they meet the 
strength requirement of Section 3.3.2 and Table 3-1.

5.4 SADDLES AND CLAMPS

Factors that shall be considered in the design of 
saddles and clamps include: bearing pressures, cable 
compaction, defl ection angles, friction, and groove 
contour as prescribed by cable manufacturers. All 
surfaces of the saddles and clamps in contact with the 
cable shall be free of projections, sharp corners, and 
edges. Curved contact surfaces of saddles shall extend 
a distance suffi cient to ensure that the cable will not 
contact the end of the saddle groove for any condition 
of cable defl ection.

6.0 PROTECTIVE COATINGS

Cables exposed to atmospheric conditions shall have 
corrosion protection at least equivalent to Class A 
zinc coating on all wires as defi ned in ASTM A586 
and A603, except those composed of stainless steel 
wires. Heavier Class B or Class C zinc coatings, 
or other approved equivalent coatings, shall be 
considered for severe environmental exposure. 
Fire-protective coatings shall not be considered as 
corrosion protection.

In addition to previously cited specifi cations, the 
following specifi cations apply to corrosion and fi re 
protective coatings and shall be referenced:

ASTM B6-09 (2009). Standard Specifi cation for Zinc
ASTM A780/A780M-09 (2009). Standard Practice

for Repair of Damaged and Uncoated Areas of 
Hot-Dip Galvanized Coatings

ASTM E119-10a (2010). Standard Test Methods 
for Fire Tests of Building Construction and 
Materials

ASCE/SEI/SFPE 29-05 (2007). Standard Calculation 
Methods for Structural Fire Protection

6.1 CORROSION PROTECTION

Basic corrosion protection shall be provided for all 
cable systems. As a minimum, each individual carbon 
steel cable wire, exclusive of stainless steel wires, 
shall be galvanized with zinc or a zinc-aluminum-
mischmetal alloy. The in-service exposure of the 
cable shall be considered when specifying the 
required galvanizing thickness.

When it is deemed necessary to use a second 
corrosion protection system such as an interior cable 
fi lling or an exterior cable coating/covering, the two 
systems shall be checked for possible incompatibilities.

Cable terminations and cable grooves in clamps 
and saddles shall be galvanized or zinc-metalized, and 
be stainless steel for stainless steel cables.

6.2 FIRE PROTECTION

Cable assemblies shall be protected to be fi re-resistant 
to the extent required by codes and standards of the 
Authority Having Jurisdiction.

6.2.1 Fire-Resistance Ratings and Fire Tests
The fi re-resistance rating of cable assemblies shall be 
determined in accordance with the test procedures set 
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forth in ASTM E119 or the alternative method 
described in Section 6.2.2. Where cable assemblies 
that have not been tested as part of a fi re-resistance-
rated assembly are incorporated into such assembly, 
suffi cient data shall be prepared to show that the 
fi re-resistance rating of the assembly is not reduced.

6.2.2 Alternative Methods for Determining 
Fire Resistance
The application of any of the alternative methods 
described herein shall be based on the fi re exposure 
and acceptance criteria specifi ed in ASTM E119. The 
required fi re resistance of cable shall be permitted to 
be established by any of the following methods or 
procedures:

• Fire-resistant designs documented in sources 
approved by the Responsible Design Professional 
and the Authority Having Jurisdiction.

• Prescriptive designs of fi re-resistance-rated 
building elements contained in the codes and 
standards of the Authority Having Jurisdiction.

• Calculated fi re resistance in accordance with the 
provisions of Chapter 5 of ASCE/SEI/SFPE 
29-05.

• Engineering analysis based on a comparison of 
building element designs having fi re-resistance 
rating as determined by test procedures set forth 
in ASTM E119.

• Alternative protection methods approved by the 
Responsible Design Professional and the 
Authority Having Jurisdiction as equal to or 
better than the level of fi re safety provided by 
cable assemblies, that are fi re-resistance rated in 
accordance with the test procedures set forth in 
ASTM E119.

7.0 FABRICATION, SHIPPING, 
AND RECEIVING

7.1 SOCKETING

Sockets shall be attached by an approved method. For 
resin socketing, the resin manufacturer’s recommen-
dations regarding the ambient temperature and the 
temperature of the cable and fi tting shall be strictly 
observed.

7.2 PROOF LOADING OF ASSEMBLIES

When required in the contract documents, assemblies 
with attached sockets shall be proof loaded to the

tension force specifi ed in order to verify the integrity 
of socketing. With prior approval by the Engineer, the 
fabricator may proof load both ends of each assembly 
independently by utilizing approved cable grips, 
instead of loading the entire assembly at once.

7.3 PRESTRETCHING

Cables shall be prestretched to achieve the minimum 
values of the modulus of elasticity specifi ed in the 
ASTM specifi cation covering the product, unless other 
modulus values are called for in the Contract 
Documents.

7.4 CABLE LENGTH MEASUREMENTS

Length measurements of the cable shall be made after 
prestretching under the cable tensions specifi ed in the 
Contract Documents.

7.5 STRIPING

When specifi ed by the Contract Documents, a 
longitudinal paint stripe shall be applied to the cable 
while it is subjected to the tension specifi ed for length 
measurements.

7.6 SHIPPING

Cable assemblies shall be shipped on reels or in 
coils. Rope shall not be wound onto a reel or into a 
coil that has a diameter less than 25 times the rope 
diameter.

Both wire diameter and cable prestretch infl uence 
cable fl exibility. Smaller reel or coil diameters shall 
be approved only after consultation with cable 
manufacturers and acceptance of their shipping 
practices. Utmost care shall be exercised during 
shipment and handling to avoid damage to the cables 
and their coatings.

7.7 RECEIVING

Material receipt certifi cations shall be used to docu-
ment all structural materials delivered to the site, and 
to document all nonconformances of the delivered 
materials. The erector shall notify the manufacturer 
and the Engineer of any nonconformances.
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8.0 ERECTION

8.1 ERECTION PROCEDURE

The construction Contract Documents shall show a 
recommended erection procedure for the proposed 
structure. That procedure shall refl ect all assumptions 
regarding the erection sequence made during the 
structural design. Unless otherwise stated in the 
Contract Documents, the contractor shall follow 
the recommended erection procedure or follow an 
approved alternate erection procedure. The erector 
shall submit an execution plan for the specifi c 
erection procedure and equipment, with a timeline for 
installation and for duration of work activities, and 
with a risk management plan.

8.2 CABLE INSTALLATION

Care shall be exercised during erection to avoid 
damaging the cables and their coatings. The cables 
shall not be dragged over or around any objects that 
will scrape, abrade, or distort the wires, thereby 
causing damage to the markings, protective coating, 
or cable assemblies. Cables shall not be bent sharper 
than as specifi ed in Section 7.6. Striped cables shall 
be erected such that the paint stripe applied during 
measuring is straight after erection.

8.3 INTERMEDIATE FITTINGS

Intermediate saddles and clamps shall be attached in a 
manner that will not damage the cables. Such fi ttings 
shall be positioned so as not to induce twist in the 
cable, and shall be designed to transmit the forces 
introduced by the attached structural members.

9.0 POST-CONSTRUCTION CONSIDERATIONS 
AND INSPECTION

Structural cable elements and their associated compo-
nents shall be inspected and maintained during the 
working life of the structure. Inspection procedures 
shall be developed by the Engineer and be included in 
a structure maintenance manual held by the Owner. A 
Professional Engineer shall direct the inspection.

In addition to previously cited specifi cations for 
nondestructive inspection of cable elements and 
components, the following specifi cation should be 
referenced: ASTM E1571-06, Standard Practice for 

Electromagnetic Examination of Ferromagnetic Steel 
Wire Rope.

9.1 MAINTENANCE CONSIDERATIONS

Maintenance shall be performed to keep cables and 
their components functioning as intended. Mainte-
nance shall be ongoing and also shall follow all 
routine, in-depth, and emergency inspections as 
required on the basis of the inspections.

9.2 ROUTINE INSPECTIONS

All cables and their associated elements shall receive 
a routine inspection on a 2-year cycle to determine 
their physical and functional condition, and to identify 
any changes that deviate from the original approved 
installation. These routine inspections may be primar-
ily visual inspections performed from ground level or 
other accessible walkways or platforms. Every cable 
element shall be inspected, and binoculars shall be 
used to inspect inaccessible components. Special cable 
guides, boots, anchorage covers, etc. that would hide 
the cable from view need not be removed.

The level of effort for a routine inspection shall 
be suffi cient to detect major damage or conditions that 
deviate from the original approved installation or prior 
inspection. These conditions would include, but are 
not limited to, cable corrosion and/or major failures of 
the cable’s coating system, and any major damage due 
to unusual wind-induced vibrations.

9.3 IN-DEPTH INSPECTIONS

All cables and their associated elements shall receive 
an in-depth inspection on a 6-year cycle. It is the 
intent of the in-depth inspection to identify defi cien-
cies not readily detectable during the routine 
inspection.

In-depth inspections are to be performed at arm’s 
length, and will normally require equipment such as 
lifts, cranes, bucket trucks, ropes, or aerial work 
platforms for access. Existing protective coverings, 
cable guides, boots, cuffs, or jackets shall be removed 
on a representative sample of the cables as part of this 
inspection. Special attention shall be paid to areas near 
anchorages where moisture may tend to accumulate 
and where cable wires may tend to bend at the fi tting.

Routine inspections are not required to be 
performed in the same year as an in-depth inspection. 
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However, an unscheduled in-depth inspection may be 
warranted due to fi ndings of a routine inspection.

The level of effort for an in-depth inspection shall 
be suffi cient to identify corrosion, cable wire cracks 
or breaks, cable slippage or loosening at the end 
fi ttings, cracks in the end fi tting castings, and wire 
section loss due to either corrosion or abrasion. 
Breaks in individual wires, often near end fi ttings, 
may be caused by fatigue. An acceptable limit on the 
number of observable wire breaks shall be estab-
lished, along with a recommended cable replacement 
procedure if the limit is attained.

At the discretion of the Engineer, nondestructive 
inspection techniques shall be required as part of an 
in-depth inspection. The Engineer is cautioned that 
while many of these techniques may detect broken 
wires within clear runs of cable length between end 
fi ttings, they are often ineffective in detecting fl aws in 
the most susceptible areas, namely, at the end fi ttings.

9.4 EMERGENCY INSPECTIONS

An emergency inspection is an unscheduled inspec-
tion to assess structural damage resulting from 
unusual environmental events, storms, human actions, 
or fi re exposure.

In the interest of public safety, the level of effort 
for an emergency inspection shall be suffi cient to 

determine whether there is a need to either establish 
load restrictions or to temporarily close part or all of 
the structure. At the discretion of the Engineer, 
nondestructive inspection or cable removal with 
laboratory testing shall be required. A follow-up 
in-depth inspection may be required to more fully 
document the extent of damage and confi rm the 
urgency for repair work.

9.5 SPECIAL INSPECTION AND TESTING

Depending upon previous inspection results, degree of 
deterioration, environmental conditions, and the length 
of time the cable has been in service, consideration 
shall be given to removing, testing, or replacing one 
or more cables. Cables selected for removal will 
normally be those experiencing the greatest degree of 
deterioration or those located in the most vulnerable 
areas of the structure.

The type of test(s) performed on the removed 
cable shall be at the discretion of the Engineer.

9.6 INSPECTION RESULTS

Results of all inspections and recommended follow-up 
actions shall be written and fi led with the structure 
maintenance manual.
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COMMENTARY TO 
ASCE STANDARD 19-10 
STRUCTURAL APPLICATIONS OF STEEL CABLES 
FOR BUILDINGS

globalization of construction. The time has arrived for 
updating the Standard to include new ASTM specifi -
cations, international cable products, and cable 
construction practices. In the present documents, some 
products used as cables in ASCE 19-96 have been 
removed from the text body or are restricted for use 
as cables. These products include parallel wire strand 
(unique handling requirements and limited use in 
recent years), seven-wire prestressing strand (manu-
factured specifi cally for concrete products and 
requires different fi tting factors), and steel rod (other 
design codes apply and its makeup does not fi t the 
defi nition of strand or rope).

The scope of the updated Standard is broadened to 
include cable-supported walkways. For cable-
supported highway bridges, the reader is referred to the 
Post-Tensioning Institute Recommendations for Stay 
Cable Design, Testing and Installation (PTI 2001) and 
specialty books such as Gimsing (1997) and Walther 
(1999), and the ICE Manual of Bridge Engineering
(2008). For guy-supported communication and utility 
towers, the reader is referred to ASCE 10-97, Design
of Latticed Steel Transmission Structures (ASCE 
2000), and ASCE Manual 91, Design of Guyed 
Electrical Transmission Structures (ASCE 1997).

The sections of this Commentary have titles and 
are numbered to correspond to the sections of the 
Standard to which they refer. Because it is not 
necessary to have supplementary materials for every 
section in the Standard, there are gaps in the Com-
mentary numbering.

C1.2 GLOSSARY

Some manufacturers and some ASTM specifi cations 
refer to nominal cable strength as “minimum breaking 
strength” or “minimum breaking force.”

Prestressing and prestretching are not synony-
mous. Prestressing is conducted where and when a 
cable is installed; prestretching is generally a shop 
operation performed before a cable is shipped. 
Prestretching is sometimes conducted without fi rst
having fi ttings installed.

Rope and strand are defi ned without a restriction 
on the cross-sectional shape of the wires of which the 

This Commentary is not part of the American Society 
of Civil Engineers Standard Structural Applications of 
Steel Cables for Buildings. It is included for informa-
tional purposes.

C1.0 GENERAL

C1.1 SCOPE

Although permanent steel suspended roofs (in the 
general sense) were built in the United States at least 
as far back as 1931, no standard for the design of 
cable building structures was available in the United 
States before ASCE 19-96. In 1966, the Tentative 
Criteria for Structural Applications of Steel Cables 
for Buildings was published by the American Iron and 
Steel Institute (AISI). Shortly thereafter, Design
Fundamentals was published by U.S. Steel (Scalzi 
et al. 1969). The AISI Criteria was later revised to 
form the Manual for Structural Application of Steel 
Cables for Buildings published in 1973 by AISI. Both 
documents addressed the use of zinc-coated steel 
structural strand (ASTM A586), historically known as 
“bridge strand,” and zinc-coated steel structural wire 
rope (ASTM A603), which is commonly termed 
“bridge rope.”

In 1996 ASCE issued Standard 19-96 entitled 
Structural Applications of Steel Cables for Buildings.
The Standard treated a wider range of metal wire 
strand and rope products than the Manual. Further-
more, in contrast to the Criteria and the Manual, the 
Standard was written in mandatory language.

Structural rope and structural strand are both used 
in static applications to transmit force. Structural 
strand has a higher modulus of elasticity and a greater 
minimum breaking force for a given size, and is 
usually the choice in applications where the structural 
assembly is straight. However, if the structural 
assembly makes a signifi cant bend over an object, 
structural rope is used. Structural rope adjusts to bend 
better than structural strand. Both products are 
fl exible, but to different degrees. See Table 3-2 for 
defl ection reduction factors.

Since ASCE 19-96 was published, there have 
been changes in the reference specifi cations as well as 
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rope or strand is constructed. “Locked-coil strands” is 
U.S. terminology; in Europe they are referred to as 
“locked-coil ropes.”

C2.0 CONTRACT DOCUMENTS AND SHOP 
DRAWINGS

C2.1 CONTRACT DRAWINGS

C2.1.1 Contract Drawings
In addition to the usual engineering data necessary for 
fabrication and erection, additional information is 
required for cable structures peculiar to their behavior. 
Suffi cient detail of loading versus confi guration of the 
cables should be provided to account for their 
load-adaptive behavior. The centerline length, 
accounting for the sag and creep of each cable 
segment between attachments under the corresponding 
tension at a specifi c temperature, should be shown on 
the contract drawings. Likewise, erection sequence or 
procedure, or both, may produce a confi guration, 
loading, or reaction not obvious from the confi gura-
tions shown on the drawings. These confi gurations 
may not be readily determinable by the erector and 
therefore need to be described by the Engineer. The 
behavior of cable structures may require that the 
Designer pay considerably more attention to erection 
procedures than is normally given to rigid structures.

C2.1.2 Contract Specifi cations
Compared to conventional building construction, the 
Contract Specifi cations should refl ect the unusual 
requirements necessary for cable structures. Addi-
tional coverage and detail are likely to be required in 
specifying material, loading criteria, fabrication, and 
erection.

Relative to material, when strand or wire rope is 
specifi ed by reference to an ASTM standard specifi ca-
tion, the Contract Specifi cations for test reports could 
include a requirement for both mill test reports for the 
wire and product test reports for the strand or rope. 
For example, for zinc-coated strand specifi ed by 
reference to ASTM A586, the mill test reports for the 
wire could include the heat number(s) for the base 
metal carbon steel, the zinc-coated wire diameter, the 
0.7% elongation under load (EUL) yield stress, the 
tensile strength, the total elongation before fracture 
measured over a 10-in. gage length, and the wire 
wrapping ductility test result. Also, for this example, 
the product test reports for the strand should include 
the number of layers of wire and the number and size 
of wires in each layer.

Because the ASTM specifi cations for zinc-coated 
strand and wire rope do not require that a test sample 
for minimum breaking strength and modulus of 
elasticity be taken from each manufactured length of 
cable (run of cable, not fabricated length), the 
Contract Specifi cations should identify whether such 
test samples should be taken. Data should be reported 
on the cable breaking strength and the modulus of 
elasticity.

In the case of stainless steel wire strands, the mill 
test reports could identify the grade of stainless steel 
used for the wire and the chemical composition of 
the wire.

In addition to the information required by ASTM 
A586 and A603, other design requirements may need 
to be specifi ed. These include striping, end termina-
tion type/orientation/size, and length tolerance. 
Manufacturers should be contacted for the specifi c 
requirements.

The Contract Specifi cation should provide the 
following guidelines for acceptable tolerances of the 
cable length beyond which additional analysis may be 
required:

• For a cable length of 120 ft (36.59 m) or less, the 
cut length of cable shall be determined so that 
the length of cable shall be within ± 0.03% of 
the theoretical length after prestretching, except 
that lengths less than 28 ft (8.54 m) shall have a 
tolerance of ± 0.1 in. (2.54 mm).

• For a cable length longer than 120 ft (36.59 m), 
the cut length of cable shall be determined 
so that the cable length shall be within 

± ×( ±⎡
⎣

⎤
⎦0 0217 0 197. .cable length in feet  in., or 

± ±⎡
⎣

⎤
⎦cable length in m 5  mm of the theoretical 

length after prestretching.

The Contract Specifi cation should state that the 
contractor should consider cable creep, socket seating, 
and elongation of cables due to clamping action. The 
contractor should submit erection sequencing draw-
ings and calculations.

C2.2 SHOP DRAWINGS

Besides refl ecting the contract documents in the usual 
manner, Shop Drawings for cable structures require 
more detail in order to adequately indicate cable 
preparation and treatment. Critical or unusual fabrica-
tion; prestretching, marking, and striping; as well as 
the fi ttings themselves are matters that need to be 
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addressed on shop drawings for cable structures.
Assembly length should account for socket seating.

The requirement for erection drawings introduces 
the potential in cable applications for a design where 
erection may produce the worst or critical loading 
state for cables, fi ttings, or anchorages. Where 
erection affects design, involvement of the engineer in 
all phases of the erection process of the project is 
required.

C3.0 DESIGN CONSIDERATIONS

C3.1 DESIGN BASIS

The cable system, including masts and struts, must 
have adequate strength to support the design loads 
safely. The components shall be designed to resist 
design member forces: axial force, bending, and 
buckling (or a combination of these internal forces) at 
unit stresses (forces) less than the allowable stresses 
(allowable forces) for the material and cross section 
of the component. The cable system shall be designed 
using working stress design (WSD) or allowable 
stress design (ASD). The remainder of the building 
structural system may be designed using ASD or 
strength design (ultimate strength design; USD, or 
load and resistance factor design; LRFD).

Serviceability shall be ensured by confi guring and 
sizing the cable structure so that displacements due to 
the maximum service actions will not cause excessive 
damage to fi nishes, etc. When computing these 
displacements, the deformations of the remainder of 
the building’s structural system may have to be 
considered.

C3.1.1 Structural Integrity
The collapses at the Ronan Point apartment house in 
London, the Alfred P. Murrah Federal Building in 
Oklahoma City, and the World Trade Center towers 
in New York illustrate the consequences of local 
collapses that progressed to a disproportionate part of 
the whole building. ASCE/SEI 7-10 requires that 
buildings be designed to sustain local damage with 
the structural system as a whole remaining stable and 
not being damaged to an extent disproportionate to 
the original local damage. Similar provisions are 
included in Eurocode, which has specifi c provisions 
regarding the components that shall be permitted to 
fail without excessive risk of overall collapse. The 
Commentary in ASCE/SEI 7-10 suggests precautions 
that may be taken to improve robustness. Although 
they do not specifi cally address cable structures, the 

suggested approaches are valid for all buildings. For 
example, the building should not collapse if any 
column is removed by explosion; the collapse of one 
fl oor should not cause lower fl oors to collapse, etc. 
Analogously, a cable structure should not collapse if 
one local element of the cable system is damaged, 
regardless of the cause.

C3.2 DESIGN LOADINGS

C3.2.1 Loads
Because cable force is affected by change in length 
and geometry, creep will infl uence cable force.

C3.2.2 Load Combinations
The load combinations adopted for this Standard are 
similar to the basic combinations for allowable stress 
design (ASD) in Section 2.4.1 of ASCE/SEI 7-10.

C3.3 CABLE STRENGTH

C3.3.1 Design Strength
The amplifi cation factor of 2.2 is intended to safeguard 
against accidental overloads, deviation in material 
properties, and fabrication tolerances that may 
adversely affect the structural behavior of the cable 
assembly and thus the cable structure as a whole.

C3.3.1.3 Elevated Temperature Effect
Physical properties of cable materials are affected by 
elevated temperature, such as heat of a fi re. Three 
variables affect these properties: temperature of the 
cable, the cable’s exposure time to the elevated 
temperature, and the unit stress in the cable during the 
time it is exposed to elevated temperature.

Three factors should be considered. The fi rst is 
the change in the length of the wires during the 
temperature rise. The second is the possible perma-
nent change in the metallurgy of the wires as a result 
of high temperature. Wire used for structural cables is 
cold drawn; it has a high tensile strength due to that 
cold work. Heat from fi re causes the material to return 
toward its annealed condition, thereby reducing its 
strength. The third factor, elevated temperature, also 
affects the capacity of socketing materials.

C3.3.1.4 Fatigue Strength
The structural application of steel cables for buildings 
does not generally involve large, fl uctuating tension-
to-tension load ranges in the cables. Thus, cable 
fatigue due to fl uctuating tension-to-tension loads is 
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not usually a limiting initial design consideration in 
building applications. On this point, the application of 
steel cables in buildings is unlike the use of steel 
cables in vehicular bridge construction.

However, building components displace under the 
actions of dynamic and environmental effects. Wind- 
and rain-induced vibrations can lead to fl uctuating 
bending, torsion, and tension loads in cables. A need 
for fatigue evaluation can develop, particularly near 
areas of rotational rigidity such as at end fi ttings and 
around sheaves and saddles. Moreover, vibrational 
movement in cables can lead to fretting, in which 
there is rubbing of one wire against another due to 
motion of cable.

The effect of fatigue in steel cables is progressive 
fracture of individual wires. As individual wires 
break, the breaking strength of the cable is reduced. If 
a large number of wire breaks occur, the breaking 
strength of the cable can be diminished to the extent 
that it underachieves, possibly signifi cantly, the 
nominal breaking strength. This is why the Standard 
specifi es placing a limit on the number of observable 
wire breaks (observed during inspections) and 
specifying a cable replacement procedure.

Cable fatigue has been studied both experimen-
tally and analytically since the late 1950s. The studies 
have indicated that the following factors can infl uence 
(generally decreasing) a cable’s fatigue strength:

• An increasing fl uctuating load range relative to 
the nominal breaking strength

• A decrease in the number of wires in a strand, 
for the same net area

• A decrease in the ratio of defl ector or sheave 
radius-to-cable diameter

• With dynamic effects, a decrease in cable 
diameter

• The type of end fi tting

While cable fatigue tests and studies have addressed 
numerous cable parameters—type of end fi tting, 
manufacturing process, cable construction (rope, 
strand, lay, number of wires), presence of defl ector or 
sheaves—no inclusive criterion for fatigue life has yet 
been established. Still, guidelines and rules have been 
promulgated for some applications; see Appendix D.

C3.3.1.5 Creep Effect
Because creep causes changes in cable length and/or 
geometry, creep will infl uence the force in the cable. 
Creep is the long-term cable elongation after pre-
stretching. Though prestretching initially seats the 
cable wires into a more compact cross section to 
obtain homogenous elastic cable elongations, creep 
will still occur on all cables under service loads.

Creep has been found to occur within 200 h under 
static load testing, and also in completed structures 
after the application of several load effects. The 
amount of creep depends on the cable construction, 
the diameter and number of wires, load level, load 
duration, and temperature.

Generally, lower stress levels will result in a 
slower creep rate. The magnitude of total accumulated 
creep will normally vary from 0.01% to 0.06% of the 
original cable length.

C3.4 STRUCTURAL ANALYSIS

C3.4.1 General Considerations
The forces within the cables and the supporting 
structure should be determined by accepted proce-
dures of structural analysis. Physical model testing 
may be useful for preliminary shape-fi nding and 
obtaining force estimates. Elastic stretch of the cables 
should be accounted for in the structural analysis. 
Moreover, because cable assemblies are usually quite 
long, the effect of ambient temperature changes on the 
cable geometry and changes in axial forces should be 
evaluated.

Cable elements are primarily loaded in tension 
and have little or no bending or shear stiffness. 
Therefore, they rely on their shape and internal 
prestress to achieve stability and to carry loads. 
Consequently, pretensioned cable elements tend to 
exhibit geometric nonlinear behavior. A doubling (or 
a halving) of the cable load does not double (or halve) 
the load effect (tension or displacement) in the cable. 
Nonlinear material properties are typically not an 
issue for cable elements under service loads.

Nonlinear analyses of cable-supported structures 
are typically necessary to account for the following:

• The effect of joint displacements on equilibrium
• Nonlinear terms in the equations for change of 

length
• Nonlinear constitutive equations

Of these, the infl uence of joint displacements is the 
most important. If dead load effects and prestress are 
large compared to live load effects, nonlinear analyses 
may not be required.

C3.4.3 Vibrations
Dynamic analyses may be performed using any 
recognized procedure. Because vibration studies are 
made on the confi guration of the completed structure 
(total dead load plus prestress state), a linear analysis 
is often satisfactory. Dampers may be installed in 
order to modify dynamic response.
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C3.4.4 Defl ections
The usual engineering considerations for defl ections 
also apply to cable structures. Careful consideration 
should be given to defl ection due to creep and 
shrinkage of supporting members. The total (long-
term) defl ection of structural members should be 
determined and the movement of cable supports 
considered.

C3.4.5 Erection Analyses
The ratio of the applied load to the previously 
imposed load may be high during erection. Therefore, 
joint displacements can be expected to be an impor-
tant factor in the description of structural behavior at 
this design stage. Nonlinear analysis is often required 
for erection calculations even though it may not be 
required for the design of the completed structure. A 
special case of erection analysis is required when one 
or more cables is (are) being replaced due to damage. 
As part of the replacement process, analyses should 
be made accounting for the loading on other cables as 
one cable is being replaced.

C4.0 CABLE MATERIALS

Cable materials should be selected on the basis of 
their suitability for the intended structural application. 
Historically, cables used to structurally support and/or 
brace buildings and structures have strand conforming 
to ASTM A586 [minimum diameter of 1⁄2 in. 
(12.7 mm)] or wire rope conforming to ASTM 603 
[minimum diameter of 3⁄8 in. (9.5 mm)]. Cables 3⁄8 in. 
(9.5 mm) or greater in diameter conforming to the 
other listed specifi cations are also acceptable, exclud-
ing cables with fi ber cores (natural or synthetic) 
because such cores (1) can retain fl uid, which may 
promote internal corrosion in moist atmospheres, and 
(2) are subject to heat-induced softening and charring 
that impairs support function.

Table 9 of ASTM A1023/A1023M-09 Standard 
Specifi cation for Stranded Carbon Steel Wire Ropes 
for General Purposes is listed in order to allow the 
use of small diameter (galvanized) specialty cord for 
the purpose of providing earthquake-load-resistant 
sway bracing of nonstructural architectural, electrical, 
and mechanical components.

The Standard allows the use of strands made with 
wires of noncircular construction. For example, 
locked-coil strands have one or more outer layers of 
wires that have a Z-shaped cross section. Because of 
the interlocking action of those wires when the strand 
is under tension, the strand is almost sealed against 

the entrance of moisture and loss of inner fi lling. 
Because no U.S. specifi cation exists, refer to UNE-EN 
12385-10:2004+A1:2008 Steel Wire Ropes – Safety 
– Spiral Ropes for General Applications.

Some common cable constructions are illustrated 
in Appendix A.1.

C5.0 FITTINGS

It is recommended that fi ttings be of proven designs. 
When the application requires special fi ttings, manu-
facturers of cables and manufacturers of fi ttings 
should be consulted for guidance. Zinc-poured 
sockets, resin-poured sockets, and swaged fi ttings are 
common in the United States; and zinc-aluminum-
mischmetal alloy-poured sockets are used by 
European cable manufacturers. When resin-poured 
sockets are used, the designer should contact the code 
Authority Having Jurisdiction to confi rm that the resin 
meets the applicable requirements of the code with 
regard to structural supports that are required to be 
noncombustible structural materials.

Engineering considerations should include, but 
not be limited to: wedging action of poured zinc 
sockets, fatigue strength, swageability of swaged 
fi ttings, friction losses, inspection, and fatigue strength 
of threaded sections, nuts, pins, and pin plates. 
Appendices A.2 and A.3 illustrate some representative 
end fi ttings.

Appendix B offers guidelines for the design of 
saddles. When using galvanized cables, the saddle 
groove surface in contact with the strand may be 
coated with zinc deposited by metalizing. A 1/32-in. 
(1-mm) thickness is sometimes used, but the designer 
should recognize that the coeffi cient of friction 
between the cable and saddle surface is a function of 
the zinc deposit thickness. Guidelines for the design 
of clamps are presented in Appendix C.

C6.0 PROTECTIVE COATINGS

It is well known that corrosion protection is needed to 
minimize loss of wire cross section. Less well known 
are the stress corrosion problems encountered in some 
highly stressed cable systems. Protective coatings 
other than zinc may be used, provided they are shown 
by test or experience to offer adequate corrosion 
protection. Consideration of supplemental protection 
methods shall especially include effects on cable 
installation, dripping or staining, odors, and other 
possibly detrimental effects. Additional protection 
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may be provided by combining two or more compat-
ible protective systems.

As indicated in the Standard, ferrous cables are 
usually zinc-coated. Class A coating is quite adequate 
for indoor use and most outdoor exposures under 
normal or ordinary conditions. Class B and C zinc 
coatings and zinc-aluminum-mischmetal alloy 
coatings are available for use where more severe 
exposures are anticipated. The designer should consult 
the cable manufacturer regarding the availability of 
Class B and C zinc coatings and zinc-aluminum-
mischmetal alloy coatings for the wire sizes that may 
be necessary to make a particular cable.

For exposures involving condensation, salt, or 
chemicals, additional protection may be required. 
Among the possible protective methods are coating, 
use of rust-preventive compounds, blocking com-
pounds, and metallic coatings other than pure zinc, 
such as zinc-aluminum-mischmetal alloy. Only 
protective coatings satisfying all applicable environ-
mental codes and regulations should be used. Addi-
tionally, only protective coatings with historical 
proven success in shop or fi eld testing should be used.

Zinc, metallic, or other wire coatings provided as 
the primary corrosion protection shall be shop-applied 
to ensure bonding to the individual wires. Blocking 
compounds must be shop-applied to ensure complete 
blocking. Cable coatings are fi eld-applied. Rust-
preventive compounds may be shop- or fi eld-applied, 
depending on the specifi c compound’s characteristics. 
Due to the variety of protection systems available, it 
is suggested that the cable manufacturer be consulted.

Repair of damaged galvanized coatings is 
described in ASTM A780/A780M-09, Standard 
Practice for Repair of Damaged and Uncoated Areas 
of Hot-Dip Galvanized Coatings. Zinc-rich paints may 
be used for fi eld or shop repair. Zinc-based solders 
should normally be used for shop repairs only, as 
temperature control is required to avoid heat damage 
to adjacent wires and coatings. Sprayed zinc is not 
appropriate for fi nished cable repair.

C6.1 CORROSION PROTECTION

Zinc-aluminum-mischmetal alloy coatings have been 
used successfully on many international cable projects 
utilizing ferrous wire cables. Performance of these 
systems suggests superior corrosion protection versus 
conventional heavy galvanizing with the same coating 
thickness.

Filling the cable interior during cable stranding 
operations restricts the ingress of moisture. Cable 

interior voids can be fi lled with an active or passive 
material. An example of an active material may be a 
suspension of zinc in polyurethane oil. An example of 
a passive material may be a permanent elastic-plastic 
wax or aluminum fl ake in hydrocarbon resin. Cable 
coating systems may consist of paint, hydrocarbon 
resin, cable wrap/jacket, or other proprietary product. 
When used in conjunction with inner fi lling materials, 
these coatings shall be checked for possible incompat-
ibilities. It should be noted that cable wraps or jackets 
will make direct visual inspection of the cable 
impossible.

C6.2 FIRE PROTECTION

The responsible design professional or codes and 
standards of the Authority Having Jurisdiction may 
require that cable assemblies be fi re-resistant. Codes 
and standards generally require that building elements 
be fi re-resistance-rated based on the size and use of 
buildings. Most single-story buildings are not required 
by codes to have fi re-resistance-rated building 
elements. Buildings more than three stories in height 
are often required to have fi re-resistance-rated 
building elements, and high-rise buildings are nearly 
always required to have fi re-resistance-rated building 
elements. In general, the code required amount of fi re 
resistance (fi re-resistance rating), varies from 1 to 3 h 
depending on the size and use of buildings. Some 
building codes have exception provisions that allow 
an automatic fi re sprinkler system to be substituted for 
1-h fi re resistance of building elements.

C6.2.1 Fire Resistance Ratings and Fire Tests
The fi re test standard for the fi re-resistance rating of 
building elements that is specifi ed in virtually all 
codes of the United States is the ASTM E119 
Standard. Testing laboratories, such as Underwriters 
Laboratories, publish listings of fi re-resistance-rated 
materials which may directly or indirectly address the 
required fi re resistance of cable assemblies. Such tests 
may also be utilized as the basis of alternative 
methods, as further addressed in Section 6.2.2.

Cables and their assemblies can be fi re-protected 
by intumescent paints, spray-on fi reproofi ng with 
cementitious mixture or with sprayed fi ber, and 
thermo pipe insulation directly applied to cables and 
their assemblies.

A Fritz Engineering Laboratory Report (Slutter 
1969) gives results of fi re tests performed on struc-
tural strands and fi ttings coated with the fi reproofi ng 
materials listed above.



ASCE/SEI 19-10

17

C6.2.2 Alternative Methods for Determining 
Fire Resistance
The provisions for alternative methods for determin-
ing fi re resistance are based on Chapter 7 of the 2006
International Building Code (IBC) (ICC 2006). These 
provisions are performance-based alternatives to 
specifi c testing under ASTM E119. Chapter 7 of the 
IBC also has generic descriptions of various fi re-
resistance-rated steel building elements, which could 
be utilized as the basis of determining an acceptable 
fi re-resistance rating for cable assemblies.

C7.0 FABRICATION, SHIPPING, 
AND RECEIVING

The term “fabrication” as used in the Standard 
signifi es manufacturing operations such as prestretch-
ing, measuring, cutting, socketing, proof-testing end 
fi ttings, and reeling or coiling wire strands or ropes.

Proper attachment of the sockets is crucial to the 
performance of a cable. It is recommended that 
zinc-poured sockets and resin-poured sockets be 
attached as described in the Wire Rope Sling Users 
Manual (WRTB 2007), or by an accepted industry 
equivalent.

Elongation of a twisted wire cable subjected to 
tension results from a combination of elastic or 
recoverable stretch of the wire material, and inelastic 
or constructional stretch. The latter results from 
the equipment utilized in manufacturing the cable, the 
arrangement of the wires within the cable, and the 
length of lay (helical pitch) of the cable components. 
To minimize the effect of constructional stretch, the 
cable is prestretched by applying a predetermined 
tension, usually not exceeding 55% of the nominal 
strength of the cable. After prestretching, the cable 
has better-defi ned and more-uniform elastic proper-
ties. For large-diameter cables, the capacity of the 
manufacturer’s equipment may not be adequate to 
tension the ropes to 55% of the nominal strength. 
Therefore, it is desirable to consult a cable manufac-
turer prior to fi nalizing the specifi cation for 
prestretching.

After the uniform elastic properties of the cable 
have been established, overall lengths and fi tting 
positions can be measured within close tolerances for 
tensions less than about 90% of the prestretching 
tension. The elastic response of the prestretched cable 
within the completed structure can be confi dently 
predicted.

All fi ttings and clamps should be carefully 
attached to cables in order to develop the effi ciency 

shown in Table 3-1. It is advisable to specify standard 
clamps and fi ttings from fi tting or cable manufactur-
ers. If other fi ttings or clamps are required, their 
design should be discussed with a cable fabricator or 
fi tting manufacturer.

Individual cable manufacturers use different 
ratios of coil diameter (or reel diameter) to cable 
diameter when shipping cables. Generally, larger-
diameter cables require a larger coiling or reeling 
diameter than do smaller-diameter cables, particularly 
for strands. However, cables with some combinations 
of strand-wire diameter and cable prestretching 
require larger coiling/reeling diameters. Coil 
diameters will also vary with type of cable 
construction. For example, Z-Lock cables require a 
larger coil diameter than cables conforming to 
ASTM A475-03(2009)e1, Standard Specifi cation for 
Zinc-Coated Steel Wire Strand, having the same cable 
diameter.

C8.0 ERECTION

C8.1 ERECTION PROCEDURE

As stated in the Standard, the erection procedure 
includes the erection sequence for the cable installa-
tion, and monitoring of corresponding forces and 
geometry for each erection stage. This monitoring 
requires a means of verifying the actual forces and 
geometry at each erection stage compared to the 
values obtained by analysis. Monitoring at an earlier 
stage is important because correction of cable forces 
and/or geometry at a later construction stage is often 
diffi cult. Because of the cable interaction in a struc-
ture, only the tension in preselected cables needs to be 
checked as verifi cation for the overall cable structure. 
The engineer’s suggested outlined erection procedure, 
or the procedure proposed by the contractor and 
approved by the engineer, should identify these cables 
and their forces at each erection stage.

A moderate tensioning rate of all cables is 
recommended (cables should not be pretensioned 
through shock-applied loads). During critical stages 
under high forces, small, synchronized cable tension-
ing steps should be applied in sequence to avoid 
unexpected force increases in individual members.

Tensioning forces should be monitored and 
recorded to avoid unforeseen overloading of individ-
ual cables.

The geometry of individual tension members 
should be monitored carefully during all lifting and 
tensioning operations. After tensioning, the engineer 
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should review the measured cable forces and fi nal 
geometry. The ambient temperature during tensioning 
operations should be recorded.

C9.0 POST-CONSTRUCTION 
CONSIDERATIONS AND INSPECTION

Cables and their associated elements need to be 
maintained and inspected during the working life of 
the structure. As compared to structural steel sections, 
cables have a greater surface perimeter for a given 
area of steel. Because of this, cables are subject to a 
greater rate of corrosion and tensile capacity loss than 
other steel member types. It is the owner’s responsi-
bility to regularly inspect and maintain the structure. 
The inspection schedule outlined in the Standard 
follows closely federally mandated inspection require-
ments for publicly owned bridges.

Cable inspection procedures are based upon 
Chapter 21 of the U.S. Federal Highway Administra-
tion’s Bridge Inspector’s Training Manual/90 (FHA 
1991).

C9.1 MAINTENANCE CONSIDERATIONS

Maintenance can normally be performed by the 
owner’s building maintenance staff for such items as 
painting rusting components or cleaning off debris 
and bird droppings that could trap moisture and 
promote corrosion. More critical maintenance may 
require greater maintenance expertise.

C9.2 ROUTINE INSPECTIONS

Routine inspections are performed without the aid of 
special equipment. They are generally visual inspec-
tions, though components located near the ground or 
easily accessible will normally be inspected close-up. 
As-built plans, shop drawings, repair plans, and 
previous inspection reports will greatly assist the 
inspector.

It is expected that moderate to major areas of 
coating failure, corrosion, and their extents can be 
observed during a routine inspection. Broken surface 
wires that have unraveled or broomed out should also 
be detected. Major damage, deterioration, apparent 
loss of tension, and deviations from the original 
geometry found during a routine inspection should be 
immediately reported to the owner, and follow-up 
actions discussed.

C9.3 IN-DEPTH INSPECTIONS

In-depth inspections are intended to fi nd defi ciencies 
not readily detectable during a routine inspection. 
These items include severe corrosion or pack rust 
between individual cable wires or the end fi ttings; 
individual cracked or broken wires (especially near 
end fi ttings and clamps where localized bending may 
occur); cracks in the fi tting castings; fretting rust 
caused by wires, pins, or plates rubbing against one 
another; wire section loss; and slippage/loosening at 
the end fi ttings. On some structures, it may be 
required to investigate areas not readily accessible for 
visual examination, such as cables covered with cable 
protection not easily removed without damage. A plan 
for replacing damaged covers, wraps, etc. should be 
established prior to the actual work.

Nondestructive testing procedures, including 
electromagnetic, radiographic, magnetic fl ux, acoustic, 
and high-energy x-ray procedures, are available to 
detect broken wires and deterioration, when per-
formed and interpreted by experienced technicians. 
The methods are most reliable away from end fi ttings.

C9.4 EMERGENCY INSPECTIONS

Emergency inspections are performed after the cable 
system experiences sudden damage due to either 
environmental factors (such as snow or wind over-
loads), human interactions (such as accidents or 
intentional acts), or fi re exposure. Another condition 
that may warrant an emergency inspection is unusual 
or excessive cable vibration due to wind.

Generally, the owner or a law enforcement offi cer 
will notify the appropriate individuals to request such 
an inspection. The inspector should determine the 
need for restricting live loads, if such loads can be 
regulated. Structure evacuation/closure should also be 
considered as an immediate recommendation until 
temporary shoring is in place. Due consideration for 
the inspector’s own safety needs to be considered 
before entering the site. If excessive cable vibration 
due to wind is the reason for the inspection, the cable 
amplitude and the wind speed and direction should be 
noted. A record shall be kept of other factors which 
may be relevant, such as the presence of ice or water 
on the cables, or the extent of any damage has been 
established.

Though the outer wires of an overloaded or 
damaged cable may not have broken after an extreme 
event, nondestructive testing may be required to 
investigate the condition of the internal wires. Any 
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cable protection should be removed in suspect areas 
to properly evaluate the cable’s condition.

C9.5 SPECIAL INSPECTION AND TESTING

For many applications, cables may support static 
loads in an interior or protected environment. At 
the engineer’s judgment, such conditions may not 
warrant removing/testing/replacement of a cable 
during the structure’s life. When such ideal conditions 
do not exist, special inspection and testing may be 
required.

If corrosion inside the cable is accompanied by 
progressive loss of metallic cross section, the corro-
sion product buildup will cause the cable to bulge, 
making the problem detectable by external inspection. 
However, dissimilar metals, water, contaminants, and 
anaerobic conditions may be present at some cable 
installations. These situations, occurring with work-
hardened steel wires operating at high stress levels 
and with relative movements between neighboring 
wires, make it feasible that individual wire failures 
could occur by mechanisms such as stress corrosion 
cracking, hydrogen embrittlement, fretting corrosion, 
or microbial corrosion action. Such failures may 
generate little corrosion product and could easily go 
unnoticed during external cable inspections. It is for 

all of these situations that special inspection and 
testing should be considered.

Destructive testing is one method of evaluating 
the internal wire condition. If it is determined that 
destructive testing is warranted, a representative cable 
sample(s) should be chosen for removal and testing. 
The sample(s) should include those with details that 
are experiencing, or are susceptible to, the worst 
deterioration (such as at the low points of a cable 
where moisture would tend to accumulate). Evaluation 
may include cable tensile breaking test at the socketed 
ends, a count of the broken wires, and wire tests for 
tensile strength (ASTM A586 and A603), ductility, 
and galvanized coating (ASTM A90/A90M-09, 
Standard Test Method for Weight [Mass] of Coating 
on Iron and Steel Articles with Zinc or Zinc-Alloy 
Coatings, and A239-95(2009)e1, Standard Practice 
for Locating the Thinnest Spot in a Zinc (Galvanized) 
Coating on Iron or Steel Articles). Results can be 
compared to the originally specifi ed material after 
fabrication. It should be noted that with respect to the 
tensile strength results, ASTM A586 and A603 dictate 
that the wire conforms to the required mechanical 
properties prior to cable fabrication. Other ASTM 
specifi cations, such as ASTM A474 and A475, may 
have different criteria. Tests conducted on wire 
extracted from cables may not present the same 
properties as the originally drawn and galvanized wire.
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APPENDIX A: CABLES AND FITTINGS

A.1 CABLE CROSS SECTIONS
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A.2 SOCKET FITTINGS
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A.3 SWAGED FITTINGS
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APPENDIX B: SADDLES

The following criteria apply only to saddles where the 
live load changes the cable defl ection angle less than 
2 degrees for strand and 4 degrees for wire rope per 
saddle end. If the criteria do not apply, a wire rope 
and strand specialist should be consulted. If it is 
desired to support a cable consisting of a bundle of 
strands or ropes in a saddle, a wire rope and strand 
specialist should be consulted.

Saddle groove diameters recommended for 
individual wire ropes and strands should be the 
nominal diameter of the cable plus positive tolerances. 
Table B-1 provides recommended tolerances in 
fractional dimensions. These are generally in the 
range of +3% minimum to +11% maximum, com-
pared to the cable diameter.

Table B-1 Saddle Groove Diameter Tolerances

Wire Ropes Strands

Wire Rope Diameter (in.)

Tolerance (in.)

Strand Diameter (in.)

Tolerance (in.)

Min. Max. Min. Max.

3/8 to 1-1/8 +1/32 +3/32 1/2 to 1-1/2 +1/32 +3/32
1-3/16 to 1-1/2 +1/16 +1/8 1-9/16 to 2-1/2 +1/16 +1/8

1-9/16 to 3 +1/8 +3/16 Over 2-1/2 +1/8 +3/16
Over 3 +3/16 +5/16

Note: 1 in. = 25.4 mm.

The maximum design coeffi cient of friction 
recommended to prevent sliding in a saddle should be 
7%. This provides a factor of safety with respect to 
the actual coeffi cient. It must be recognized that the 
actual coeffi cient is a variable and can be much higher 
than 7%, perhaps as high as 12% to 15%.

The recommended maximum allowable projected 
bearing pressure exerted on the strand or rope by the 
saddle should be 4,000 psi (27.6 MPa) for 3-in. 
(76-mm)-diameter cables and larger, increasing 
linearly to 6,000 psi (41.4 MPa) for 1-in. (25-mm)-
diameter cables and smaller.

Cast saddle grooves should have a smooth 
surface. All rough and high spots should be 
removed.
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APPENDIX C: CLAMPS

The recommended groove diameter of clamps shall be 
the nominal diameter of the cable plus positive 
tolerances. Table C-1 provides recommended toler-
ances in fractional dimensions. These are generally in 
the range of +3% minimum to +11% maximum 
compared to the cable diameter.

The depth of the groove in the clamps shall be 
such that when the clamps are fully tightened their 
faces will not be in contact with each other.

The maximum design coeffi cient of friction 
recommended to prevent slipping of the clamps on the 
strand or rope shall be 7%.

The recommended maximum allowable projected 
bearing pressure exerted on the strand or rope by the 
clamp should be 4,000 psi (27.6 MPa) for 3-in. 

(76-mm) size and larger, increasing linearly to 
6,000 psi (41.4 MPa) for 1-in. (25-mm) size.

Cast clamps shall have a smooth surface in the 
grooves. All rough and high spots shall be removed.

All edges that contact the strand or wire rope 
shall be suffi ciently rounded to suit all conditions of 
design and erection.

The nuts on the bolts of the clamps shall be 
alternately and gradually tightened to avoid any 
excessive unequal stressing of the clamp components 
or the cable to which the clamp is being attached.

The recommended angular change in direction of 
the cable at a clamp of the type shown in Figure C-1 
shall not exceed 1.5 degrees for strand or 3 degrees 
for wire rope.

Table C-1 Clamp Groove Diameter Tolerances

Wire Ropes Strands

Wire Rope Diameter (in.)

Tolerance (in.)

Strand Diameter (in.)

Tolerance (in.)

Min. Max. Min. Max.

3/8 to 1-1/8 +1/32 +3/32 1/2 to 1-1/2 +1/32 +3/32
1-3/16 to 1-1/2 +1/16 +1/8 1-9/16 to 2-1/2 +1/16 +1/8
1-9/16 to 2-1/8 +3/32 +5/32 Over 2-1/2 +1/8 +3/16

2-3/16 to 3 +1/8 +3/16
Over 3 +5/32 +1/4

Note: 1 in. = 25.4 mm.

FIGURE C-1. Cable Clamp Fitting.
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APPENDIX D: FATIGUE

Empirical equations that predict cable fatigue life 
have been developed that are simple to use, but are 
rope- or strand-specifi c. For six-strand wire rope, 
Paton et al. (2001) proposed the equation:

N = [479.4/R]3.74

in which N = fatigue life in cycles and R = the 
fl uctuating axial load range expressed as a percentage 
of nominal breaking strength. Also, the American 
Petroleum Institute, in API Recommended Practice 
2FP1 (API 1993), for cable systems for wire rope 
moorings provides the equation:

N = 731/[P4.09]

in which P = the ratio (not percentage) of load 
range-to-nominal breaking strength. API recommends 
dividing the calculated fatigue life N by 3.0 to arrive 
at a design service life.

As further sources, the Post-Tensioning Institute 
(PTI 2001; 1987) and the British Standards Institu-
tion, in BS-EN 1993-1-11:2006 Eurocode 3: Design 
of Steel Structures: Design of Structures with Tension 
Components, treat cable fatigue.



This page intentionally left blank 



33

INDEX

Anchorage, 1
ASCE/SEI 7–10, 3, 13
ASCE Standard 19–10 Revised

cable materials, 5, 15
cable strength, 3–4, 13–14
contract documents, 2, 12
corrosion protection, 6, 15–16
design basis, 3, 13
design loading, 3, 13
end fi ttings, 6
erection, 5, 8, 17–18
fabrication, shipping and receiving, 7, 17
fi re protection, 6–7, 16–17
fi ttings, 5–6, 15
glossary, 1–2, 11–12
inspections, 5–6, 18–19
maintenance, 8, 18
post-construction considerations and inspection, 8, 

18
prestretching, 5
protective coatings, 6, 15–16
reference standards, 2
routine inspections, 8, 18
saddles and clamps, 6, 15
scope, 1, 11
shop drawings, 2, 12–13
structural analysis, 4–5, 14–15
symbols and notation, 2

ASTM A475-03-e l, 17
ASTM E119, 7

Bridge Inspector’s Training Manual/90 (FHA 1991), 18

Cables
corrosion protection, 6, 16
cross sections, 23
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vibrations, 4, 14–15

Clamps
design factors, 6
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zinc-poured, 6

Fritz Engineering Laboratory Report, 16

Glossary, 1–2, 11–12
Grade, 1
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results, 9
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Mischmetal-poured fi ttings, 6
Modulus of elasticity, 1

Nominal cable strength, 1
Notation, 2

Prestressing, 1, 11
Prestretching, 1, 11
Prestretching force, 1

Receiving, 7, 17
Reference standards, 2
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Special inspections, 9, 19
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Structural analysis

commentary, 14–15
considerations, 4–5

Structural integrity, 3, 13
Swaged fi ttings, 6, 25
Symbols, 2
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