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_______________________________________________________________________________________________
921    CI2
()
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Update photos throughout document.
Statement: The committee is replacing and adding new images to the document so that existing photos can include
color.

_______________________________________________________________________________________________
921    CI4
()
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Add new annex based on attached file to create a catalog file of figures and photos in the
document.  (see attachment IMAGE FILE LIST v7.0)
Statement: Technical Committee feels that sufficient interest has been shown in the past by the request of the source
of imagery in the document to justify this Annex particularly with the use of electronic media and the questions that may
arise after the passage of time.  Further, the Committee feels giving credit to the parties who created the images is
warranted.

_______________________________________________________________________________________________
921    CI5
()
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 3.3.x Arc Mapping. The systematic evaluation of the electrical circuit configuration, spatial
relationship of the circuit components, and identification of electrical arc sites to assist in the identification of the area of
origin and analysis of the fire’s spread.

Statement: The committee believes that this term is discussed sufficiently in the document to merit separate inclusion
in the definitions and index.
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Figure 8.10.3.1.2(a) – Typical mass transfer on NM cable conductors caused by arcing through char in a 
normal atmosphere. (High Dynamic Range Photograph) (Photo by ATF Fire Research Laboratory – 
Cameron Novak / Michael Keller) 
 

 

Figure 8.10.3.1.2(b) – Typical mass transfer on NM cable conductors caused by arcing through char in a 
normal atmosphere. (Scanning Electron Microscope) (Photo by ATF Fire Research Laboratory – 
Cameron Novak / Michael Keller / Leanora Bender) 
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Figure 8.10.3.1.3 – Mass transfer on NM cable conductors caused by arcing through char in a nitrogen 
atmosphere.  (High Dynamic Range Photograph) (Photo by ATF Fire Research Laboratory – Cameron 
Novak / Michael Keller / James Lord) 
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Figure 8.10.3.1.3(a) – Mass transfer on NM cable conductors caused by arcing through char in a nitrogen 
atmosphere. (High Dynamic Range Photograph) (Photo by ATF Fire Research Laboratory – Cameron 
Novak / Michael Keller / James Lord) 
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Figure 8.10.3.1.3(b) – Mass transfer on NM cable conductors caused by arcing through char in a nitrogen 
atmosphere. (High Dynamic Range Photograph) (Photo by ATF Fire Research Laboratory – Cameron 
Novak / Michael Keller / James Lord) 
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Figure 8.10.3.1.3(c) – Mass transfer on NM cable conductors caused by arcing through char in a nitrogen 
atmosphere. (Scanning Electron Microscope) (Photo by ATF Fire Research Laboratory – Cameron Novak 
/ Michael Keller / James Lord / Leanora Bender) 
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Figure 8.10.3.1.4 – Mass transfer on cloth NM cable conductors in a normal atmosphere. 
(Normal Photograph) (Photo by ATF Fire Research Laboratory – Michael Keller) 
 
 
Substantiation: The committee believes that this updates the relevant sections to the most recent 
research in this area. 
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_______________________________________________________________________________________________
921    CI6
()
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: (Insert new 8.10.3.1. Existing 8.10.3.1 through 8.10.3.4 are renumbered to follow.)
8.10.3.1 Studies of the arcing through char process in energized (AC), unloaded PVC non-metallic sheathed cable (NM
cable) exposed to a radiant heat source in open air (ie, no backing) yielded the following observations1:

8.10.3.1.1 The heat flux necessary to cause arc beads to form within a timeframe of investigative interest (ie minutes vs.
hours), requires that the cable be exposed to direct flame impingement, a hot gas layer, or flashover conditions.  Cables
that are protected in wall cavities or above ceilings will generally not be exposed to these heat fluxes unless the walls or
ceilings are breached. Therefore, the most productive locations to search for arced conductors will be those that were
exposed and not protected. Exposed branch circuits and power cords are more likely to sustain arcing damage than are
protected branch circuits.

8.10.3.1.2 The general, physical appearance of arc beads was consistent over a wide range of heat fluxes. (Figures
8.10.3.1.2 and 8.10.3.1.2(a)). All arc beads resulting from this mass transfer were easily, visually identified as arc
melting based on the characteristics listed in paragraph 8.x.x.x.

8.10.3.1.3 The lack of oxygen present in flashover conditions will neither prevent arc beads from forming nor impact the
time required to create the arc bead. The physical appearances of the arc beads formed in normal and depleted oxygen
environments were all similar and were easily, visually identified as arc melting. (Figures 8.10.3.1.3, 8.10.3.1.3(a),
8.10.3.1.3(b), and 8.10.3.1.3(c))

8.10.3.1.4 Tests on cloth sheathed NM cable, which does not utilize PVC insulation, produced arc beads similar in
appearance to the PVC NM cable tests; however, in some tests a visible arc bead was not observed despite tripping
overcurrent protection (Figure 8.10.3.1.4).

8.10.3.5 The arcing through char process was observed at voltages as low as 30 volts (RMS). The time to form the
conductive path, create the arc bead, and trip the overcurrent protection within a timeframe of investigative interest (ie
minutes vs. hours) generally occurred with voltages in excess of 60 volts (RMS). Therefore, the only assurance that an
arc cannot form downstream of an point of impingement is if one of the conductors fail.

Statement: The committee believes that this updates the relevant sections to the most recent research in this area.
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_______________________________________________________________________________________________
921    CI7
()
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Replace existing text in 8.11 through 8.11.3.2 with the following.

Renumber 8.11.3 to 8.11.5 and revise following numbers as appropriate.

8.11* Identification of Arc Melting of Electrical Conductors.
Melted electrical conductors can be examined to determine if the damage is evidence of electrical arcing, melting by fire,
eutectic melting, or extraneous melting. Before the cause of melting for any molten artifact is explored, the investigator
should first establish that such an artifact has not been produced by mechanical breakage, unrelated to melting effects.
Thus, if separated wire ends are found, it should be established that the separation occurred due to melting and not due
to breakage from mechanical force. If it is established that the artifact was produced by melting, then four potential
sources of melting damage must be considered: (a) electrical arcing; (b) melting caused by fire temperatures; (c)
alloying (eutectic melting); and (d) extraneous melting.

8.11.1 Melting Caused by Electrical Arcing.
8.11.1.1 Electrical arcing produces very high temperatures and localized heating in the path of the arc, which typically
melts electrical conductors at the locations where the arc makes contact with them. Because the arc itself is normally
small in area and short in duration, the arc damage is localized, with a sharp line of demarcation between the melted
and unmelted portions of the conductor. Due to the high temperature and rapid cooling of electrical arcing on
conductors, polished cross sections of arc beads on stranded and solid conductors may show high internal porosity.
Arcing may produce molten particles that are sprayed from the arc location and that may collect on nearby areas of the
conductor or on adjacent surfaces. Magnification and some minor cleaning using a dry brush or an ultrasonic bath may
be necessary to detect fine features including the demarcation between the melted and unmelted regions on a
conductor. The following traits are frequently exhibited arc damaged conductors :
(1) Sharp demarcation between damaged and undamaged area
(2) Round, smooth shape of artifact
(3) Localized point of contact
(4) Identifiable corresponding area of damage on the opposing conductor
(5) Locally enlarged grain size
(6) Resolidification waves
(7) Copper drawing lines visible outside the damaged area
(8) Localized, round depressions
(9) Small beads and divots over a limited area
(10) High internal porosity when viewed in a cross-section.

8.11.1.2 The result of arc damage can be notches in the sides of the conductors [see Figure 8.10.2 and Figure
8.10.3.1(e)], or rounded or irregular-shaped beading on the end of a severed conductor [see Figure 8.10.3.1(a), Figure
8.10.3.1(b), Figure 8.10.3.1(c), Figure 8.10.3.1(d), and Figure 8.10.3.1(f)]. Arcing often produces sparks that are
sprayed from the arc location and that may collect on nearby areas of the conductor.

8.11.2 Melting Caused by Fire. In contrast to melting caused by an arc, when conductors are melted by fire, the
damage is spread over a larger area without a distinct line of demarcation between the melted and unmelted regions
(see 8.10.6.2). Polished cross sections of melting may show low porosity. The following traits are characteristic of
fire-melted conductors. (Table 8.11.2).
(1) Visible effects of gravity on the artifact
(2) Extended area of damage without a sharp demarcation from undamaged material

(3) Gradual necking of the conductor (assuming this is not due to mechanical break)
(4) Blisters on the surface (assuming gross overload was ruled out)
(5) Low internal porosity when viewed in a cross-section.

8.11.3 Eutectic Melting. Eutectic melting (alloying) involves damage that occurs when a metal of different composition
contacts the subject metal. The original melting may or may not be electrically related, but the damage to the subject
metal caused by deposition of the second does not involve an electrical current and is not a form of electrical damage.

3Printed on  8/30/2012
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Substantiation: The committee considered that integrating an explanation of eutectic 
and extraneous melting into the identification scheme was desirable, and also to more 
clearly illustrate the differences between arc beads and fire melted globules, as 
established by laboratory research studies. 
 

________________________________________________________________ 

CI?? 

A8.11 For information on characteristics of arc bead and melt globules, see the following references: 
Delplace, M., and Vos, E., Electric Short Circuits Help the Investigator Determine Where the Fire Started, 
Fire Technology 19, 185-191 (1983). 
 
Lewis, K. H., and Templeton, B., Morphological Variation in Copper Arcs during Post-Arc Fire Heating, 
pp. 183-195 in ISFI 2008—Proc. 3rd Intl. Symp. on Fire Investigation Science & Technology, Natl. Assn. of 
Fire Investigators, Sarasota FL (2008). 
 
Murray, I., and Ajersch, F., New Metallurgical Techniques Applied to Fire Investigation, pp. 857-869 in 
Fire & Materials 2009, Interscience Communications Ltd., London (2009). 
 
Ettling, B. V., Electrical Wiring in Building Fires, Fire Technology 14, 317-325 (1978). 
 
Carey, N. J., Developing a Reliable Systematic Analysis for Arc Fault Mapping (Ph.D. dissertation), Univ. 
Strathclyde, Strathclyde, United Kingdom (2009). 
 
Twibell, J. D., Electricity and Fire, pp. 61-104 in Fire Investigation, N. N. Daeid, ed., CRC Press, Boca 
Raton FL (2004). 
 
Goodman, A., and Buc, E. C., Is It an Arc Bead of Not? Characterizing Damage to Conductors from Fire 
Scenes, to be published. 
 

Renumber section 8.11.3 to 8.11.5 and revise any other numbers associated with that. 

Substantiation: The committee considered that integrating an explanation of eutectic 
and extraneous melting into the identification scheme was desirable, and also to more 
clearly illustrate the differences between arc beads and fire melted globules, as 
established by laboratory research studies. 
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Alloying is very easily identifiable by use of SEM techniques which permit elemental analysis, but it can often be
identified in the field. The damaged area will be directly below an object (e.g., aluminum, zinc, tin, lead) that melted and
dripped, and the damaged area may show a distinctly different metallic color. The investigator is cautioned to fully
examine the eutectically melted area and the cause for the two metals to have come in contact. Alloying is not removed
by ultrasonic cleaning.

8.11.4 Extraneous Melting. Extraneous melting is similar to eutectic melting, but the molten metal being deposited has
the same composition as the subject metal (e.g., copper on copper). The originally molten metal may or may not have
melted due to an electrical cause, but the solidified artifact found at the place of deposit does not arise due to an
electrical activity. Extraneous melting is uncommon. It generally requires microscopy and often sectioning of the
specimen in order to positively identify the phenomenon.

Statement: The committee considered that integrating an explanation of eutectic and extraneous melting into the
identification scheme was desirable, and also to more clearly illustrate the differences between arc beads and fire
melted globules, as established by laboratory research studies.

_______________________________________________________________________________________________
921    CI8
()
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: A8.11 For information on characteristics of arc bead and melt globules, see the following
references:
Delplace, M., and Vos, E., Electric Short Circuits Help the Investigator Determine Where the Fire Started,
Fire Technology 19, 185-191 (1983).

Lewis, K. H., and Templeton, B., Morphological Variation in Copper Arcs during Post-Arc Fire Heating,
pp. 183-195 in ISFI 2008—Proc. 3rd Intl. Symp. on Fire Investigation Science & Technology, Natl. Assn. of Fire
Investigators, Sarasota FL (2008).

Murray, I., and Ajersch, F., New Metallurgical Techniques Applied to Fire Investigation, pp. 857-869 in
Fire & Materials 2009, Interscience Communications Ltd., London (2009).

Ettling, B. V., Electrical Wiring in Building Fires, Fire Technology 14, 317-325 (1978).

Carey, N. J., Developing a Reliable Systematic Analysis for Arc Fault Mapping (Ph.D. dissertation), Univ.
Strathclyde, Strathclyde, United Kingdom (2009).

Twibell, J. D., Electricity and Fire, pp. 61-104 in Fire Investigation, N. N. Daeid, ed., CRC Press, Boca
Raton FL (2004).

Goodman, A., and Buc, E. C., Is It an Arc Bead of Not? Characterizing Damage to Conductors from Fire
Scenes, to be published.

Renumber section 8.11.3 to 8.11.5 and revise any other numbers associated with that.

Statement: The committee considered that integrating an explanation of eutectic and extraneous melting into the
identification scheme was desirable, and also to more clearly illustrate the differences between arc beads and fire
melted globules, as established by laboratory research studies.
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_______________________________________________________________________________________________
921    CI9
()
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Replace Existing 8.11.6.* with this text:

8.11.6* Arc Mapping Procedure.

8.11.6.1 Arc mapping involves several processes including arc identification, as discussed in previous paragraphs. The
arcs need to be first found and then documented. There are a number of ways to do this work, but all seek to develop
relationships among the location of arcs themselves as well as the relationship of the arc locations to other evidence,
such as ignition sources, in the fire scene. Depending upon the requirements, some fire scenes may only be partially arc
mapped or arc mapping may only be applied to a particular piece of equipment.

8.11.6.2 An electrical engineer is not required to perform arc mapping. Arc mapping is fundamentally pattern recognition
as fire investigators routinely perform in other areas of fire investigation. In some cases, however, an electrical engineer
may be required for calculation of available short circuit current or circuit tracing activities, but these are not necessarily
required for arc mapping performed for origin determination. Similarly, a metallurgist may assist in determining whether
a particular conductor anomaly is the result of an arc, as discussed in arc mark confirmation procedures discussed
below.

8.11.6.3 Locating Arc Marks
8.11.6.3.1 Arc marks can be found on conductors, conduit, and on grounded surfaces or surfaces of a different potential.
Large arc marks through conduit can be observed particularly when they involve higher voltages and fault current
associated with electrical distribution within a large plant or commercial building. Power from such circuits, still
considered low-voltage (<600 V) under the NEC, can provide sufficient power for substantial damage to both conductors
and conduit. These can provide good locations of initial heat assaults to the conduit by examining the conduit for
"blow-holes" where the dissipated energy is sufficient to melt the conduit. Blow holes are typically large enough to be
easily seen during a thorough examination of the conduit. The presence of a blow-hole in conduit is indicative of arcing,
but the absence of blow-holes does not indicate the absence of arcing. A conduit survey,
looking for blow-holes is not an arc survey. Some conduit damage that appears to be a blow-hole may actually be the
result of alloying or external effects.

8.11.6.3.2 Conductors and conduit require a thorough examination to locate the arc marks. An adequate examination
requires visual and tactile access to the entire circumference of the conduit or conductor. In addition, the examination
requires bright, task oriented lighting. The most frequently used method of examination involves running lightly gloved
hands along the length of the examination subject while using bright, oblique lighting to visually observe shadows cast
by the light source. This sensory input provides two inputs to assist in locating anomalies. Because arc beads/marks as
small as 1 mm have been documented, it is important that the examiner has full and ready access to the entire
circumference of the subject.

8.11.6.3.4 In some cases, affirmative determination whether a particular conductor anomaly is an arc mark cannot be
made in the field. In such cases, the mark should be identified, located, and treated as if it were an arc until a further
determination can be made.

8.11.6.3.5 For conductors in conduit, it may be necessary to remove the conductors from the conduit to perform the
examination. In this case, the conductor sections should be maintained in the same orientation as the conduit. They may
be laid out next to the conduit so that comparisons can be made between any sites of interest and the conduit.
Maintaining the orientation also assists in documenting any findings. Caution is required when removing conductors
from conduit because the conductors may be adhered to the conduit either at an arc site or the result of corrosion. In
addition, brittle conductors may break during removal. After removal of conductors from conduit, they should be
thoroughly examined as described above. Retention of the conductors may be accomplished either by using wire ties
and securing them to the conduit from which they were removed or, if their ductility permits, rolling them into a coil and
placing them in an appropriately marked, sealable container, which is associated with the conduit.and placing them in an
appropriately marked, sealable container, which is associated with the conduit.

5Printed on  8/30/2012
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Figure 8.11.6.3.1 (A) Arc melting as a result of flame impingement on AWG #12 conductors in rigid 
conduit at 277 Volts protected by a 200 amp circuit breaker to encourage the opportunity to create a 
blowout. (Photo by ATF Fire Research Laboratory – Michael Keller) 
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Figure 8.11.6.3.1 (A) Close up of 277 volt arc melting. Note: arcing activity inside the rigid conduit was 
significant enough to form a pool of molten copper. (High Dynamic Range Photograph) (Pho to by ATF 
Fire Research Laboratory – Michael Keller) 
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Figure 8.11.6.3.1 (C) Image depicting the opposite side of the rigid conduit where arc melting occurred. 
Note: No visible damage of the significant, 277 volt arc melting is visible. (Photo by ATF Fire Research 
Laboratory – Michael Keller) 
 

8.11.6.3.2 Conductors and conduit require a thorough examination to locate the arc marks. An adequate 
examination requires visual and tactile access to the entire circumference of the conduit or conductor. In 
addition, the examination requires bright, task oriented lighting. The most frequently used method of 
examination involves running lightly gloved hands along the length of the examination subject while using 
bright, oblique lighting to visually observe shadows cast by the light source. This sensory input provides 
two inputs to assist in locating anomalies. Because arc beads/marks as small as 1 mm have been 
documented, it is important that the examiner has full and ready access to the entire circumference of the 
subject. 
 
8.11.6.3.4 In some cases, affirmative determination whether a particular conductor anomaly is an arc 
mark cannot be made in the field. In such cases, the mark should be identified, located, and treated as if 
it were an arc until a further determination can be made. 
 
8.11.6.3.5 For conductors in conduit, it may be necessary to remove the conductors from the conduit to 
perform the examination. In this case, the conductor sections should be maintained in the same 
orientation as the conduit. They may be laid out next to the conduit so that comparisons can be made 
between any sites of interest and the conduit. Maintaining the orientation also assists in documenting any 
findings. Caution is required when removing conductors from conduit because the conductors may be 
adhered to the conduit either at an arc site or the result of corrosion. In addition, brittle conductors may 
break during removal. After removal of conductors from conduit, they should be thoroughly examined as 
described above. Retention of the conductors may be accomplished either by using wire ties and 
securing them to the conduit from which they were removed or, if their ductility permits, rolling them into a 
coil and placing them in an appropriately marked, sealable container, which is associated with the 
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8.11.6.3.6 Removal of loose insulation and similar material is acceptable to view the conductors. Due to copper's
relatively low hardness, extreme care should be taken in using any harder tools, such as steel pliers. Non-damaging
tools, such as nylon brushes and bamboo skewers, may be used for removal of this material with relatively little risk of
copper damage.

8.11.6.3.7 A balance must be struck between trying to provide information in the field to the team attempting to discern
origin and the necessity to get conductors into the appropriate environment for proper examination. This may
necessitate marking so that conductors can be removed and examined later maintaining appropriate orientation with
respect to the scene or the circuit.

8.11.6.4 Documenting the Damage
8.11.6.4.1 Documenting the arc sites may require different activities depending upon the purpose for which arc mapping
occurs. If arc mapping is being done for the purpose of origin determination, then it is likely that the physical location of
the arc in the building and its relationship to potential ignition sources and fuels is important and therefore must be
noted. In other cases, a more limited purpose for arc mapping relates to determining whether the arc occurred inside or
outside a piece of equipment. In both of these cases, some sort of drawing or notation is likely required.

8.11.6.4.2 In most cases, the best data includes “both sides of the arc” or the “arc mark mate.” That means that the
ungrounded conductor side and the grounded side or sides are located to demonstrate the complete circuit related to
the fault and the remaining arc marks. Identifying the two or more marks associated with the fault increases the
probability that a true arc mark has been identified. Both “sides” of the arc should be photographed. As with other
documentation, this should include both overview and close-up photos.

8.11.6.4.3 Although not always possible due to collapse and other damage to circuits, the documentation should also
include the circuit identification upon which it was found. This can be facilitated by marking on building drawings or using
surveying tools or similar techniques to locate the marks.

8.11.6.4.4 In the event that a portion of the conductor will be removed and retained, it should be documented in the
same way as other evidence. Care should be taken to avoid additional damage to the conductors through proper
packaging. Surface cleaning of the removed section should not occur until complete examination by all parties has
occurred.

8.11.6.4.5 Typical surface cleaning may involve the use of mild detergents and ultrasonic cleaners. When this occurs,
the arc mark should be documented before and after the cleaning to document the changes.

8.11.6.4.6 Non-arc marks should also be documented. These may be captured photographically. In some cases it may
be helpful to take sample pieces as documentation of the non-arc observations. Melted copper can assist in
understanding temperature distributions within the compartment. Documentation of the melted copper locations can be
helpful in understanding the fire scenario.

8.11.6.4.7 Where conductors can be traced back to the panel, the condition of the circuit protection (on, off, tripped)
should be documented.

8.11.6.4.8 The absence of arcs can be important evidence and should be noted so that it is clear that the particular area
was examined, but that no arcs were found. Progress photos, much like photography during de-layering, can assist in
documenting these findings.

8.11.6.5 Arc Mapping Interpretations, Implications and Notes
8.11.6.5.1 Full-scale, single-compartment testing has indicated that arcs may be more prevalent in the area of origin.
However, there does not seem to be a direct correlation between the origin and arcing on conductors at the closest
geometric point. Research continues on this issue.

8.11.6.5.2 When multiple arcs are found on a single circuit and there is a sever arc closer to the supply then other arcs,
then the downstream arcs necessarily occurred no later than the sever arc.

8.11.6.5.3 In some instances, backfeeding or contact with energized conductors, may allow for the re-energization of
conductors where the circuit protective devices (breakers) have operated to shut down the circuit (tripped) or were in the

6Printed on  8/30/2012
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off position.

8.11.6.5.4 If a complete arc map is not performed in the fire damaged areas(portions of the building or portions of
conductors not examined), conclusions drawn from the arc mapping are limited to the area that was actually examined..
Unobserved locations may include behind staples or where the conductors pass through holes in studs so that the entire
circumference cannot be examined.
8.11.6.5.5 Building wiring in some locations/countries uses a ring approach rather than the home-run common in North
America. In such buildings, it may not be possible to determine whether arc sites are electrically upstream or
downstream from each other.

Statement: The committee believes this updates the document to the most recent research in this area and addresses
some confusion in the community about the role and extent of conclusions to be drawn from arc mapping.

_______________________________________________________________________________________________
921    CI10
()
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: A.8.11.6 Detailed studies may be reviewed for further information on arc mapping.
West, L, Reiter, D.A., “Full-Scale Arc Mapping Tests,” Fire and Materials Conference, pg. 325-339, (2005).
Churchward, Daniel L., Cox, Ryan M., Reiter, David, “Arc Surveys as a Means to Determine Fire Origin in
Residential Structures,” International Symposium on Fire Investigation Proceedings, National Association of Fire
Investigators, Sarasota, FL, (2004).
Carey, Nicholas, Nic Daeid, Niamh, “The Metallic Damage to Electrical Conductors at Fire Scenes,” Interflam ’07, 2,
1151-1162, (2007).
C. Wood and A. Kimball, “A Preliminary Report of Full-Scale Arc Mapping Test Results,” Proceedings of
International Symposium of Fire Investigation Science and Technology (ISFI 2010), National Association of Fire
Investigators (NAFI), Sarasota, FL, Held at the University of Maryland, 27-29 September 2010.

Statement: The committee believes this updates the document to the most recent research in this area and addresses
some confusion in the community about the role and extent of conclusions to be drawn from arc mapping.
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_______________________________________________________________________________________________
921    CI11
()
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Delete sections
17.4.5.3 Locating Arc Sites. Typically, examining each conductor can be accomplished by passing the conductor
through one’s fingertips, feeling the conductor’s surface for imperfections or anomalies, either convex or concave.
Dragging a cotton ball along the conductor is another way to detect surface imperfections. Once the imperfection is
detected, the location is examined visually to assess if the imperfection is the result of conductor metal loss or deposit
(indications of possible arc sites), or from some other reason, such as dirt accumulation, oxidation, or charred insulation
scale. Search the entire length of the damaged conductor in case there are multiple sites where arcing occurred on the
same conductor. Locate each arc site on the plan and elevation drawings as precisely as possible.

17.4.5.3.1 The identification of arc damage is not a simple task. Fire melting of conductors, also called environmental
melting, can be difficult to distinguish from melting caused by arcing. The primary distinction between the two is the
relative area where the melting is found. Arcing can create highly localized damage where the temperatures exceed the
melting point of the conductor metal. Arcing can create complementary damage to adjacent conductors or grounded
surfaces. The edges of the melted areas are generally quite distinct. Melting from environmental heating can be
relatively widespread and may involve numerous conductors in an area. Chapter 8 provides several photographic
examples of the two types of damage. Some locations of melting on the conductors may not indicate what caused the
melting. Such locations can be noted on the documentation as possibilities or as unknowns.

17.4.5.3.2 The visibility of arc damage is related to the duration of the arc, as well as the timing of the arc. In alternating
current circuits, the potential difference between two conductors depends on the point in the AC cycle when the arc
occurs. Circuit breakers or fuses may operate to cut off power in as little as one-half cycle (0.8 ms in 60 cycle circuits,
1.0 ms in 50 cycle circuits).  During each typical 120 VAC cycle, the potential between the “hot” conductor and the
neutral conductor or ground ranges between +120V and -120V. As the potential approaches 0V, arc damage will tend to
become less severe, and therefore less visible.

Renumber subsequent sections.

Statement: The committee believes this updates the document to the most recent research in this area and addresses
some confusion in the community about the role and extent of conclusions to be drawn from arc mapping.

8Printed on  8/30/2012
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_______________________________________________________________________________________________
921    CI12
()
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: Delete section A.17.4.5.1

A.17.4.5.1 This procedure is more likely to be successful in locations where circuits are arranged in a radial system, and
“upstream” and “downstream” orientations are readily discernable.  In some locations, such as the United Kingdom,
circuits are generally arranged in a “ring” system. In ring systems arc mapping is still useful in testing an origin
hypothesis, but some sequential data may not be evident. “Upstream” and “downstream” may also be difficult to discern
in cases where the conductors are back-fed through a pre-fire wiring error, or through uninterruptible power supply
(UPS) systems employing
batteries.

Statement: The committee believes this updates the document to the most recent research in this area and addresses
some confusion in the community about the role and extent of conclusions to be drawn from arc mapping.
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_______________________________________________________________________________________________
921    CI13
()
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: 7.5* Fire Protection of Structural Elements.

7.5.1 Construction Materials.

7.5.1.1 Structural Steel. Unprotected structural steel loses its strength at high temperatures and should be protected
from exposure to heat produced by building fires.  This protection insulates the steel from the heat. There are number of
methods and materials that can be used to provide thermal protection to steel structures.

7.5.1.1.1Encasement.  Structural steel members may be encased in poured concrete.  This allows for excellent
durability, yet is expensive, bulky and time-consuming. Steel members may also be encased with board systems,
providing a barrier between a fire and the structural member, decreasing the amount of heat transmitted.  The most
common materials used in board systems are calcium silicate and gypsum.

7.5.1.1.2Surface Treatment. Surface treatments applied directly to the member are also capable of insulating a
member.

7.5.1.1.3Spray-On Fireproofing. Low density sprayed-on cementitious and mineral fiber coatings are widely used.
The protection is excellent if applied correctly, however it can be accidentally scraped off or damaged during
construction or renovations.  The initial application must be monitored, and maintenance conducted to ensure the
fireproofing is effective.

7.5.1.1.4Intumescent Coatings. Intumescent coatings have been used to increase the fire endurance of structural
steel.  These coatings appear as paints on the steel member during normal conditions, but intumesce, or swell, when
heated, forming an insulation around the steel.

7.5.1.1.5Filling. Some less common forms protection of structural steel elements are filling hollow members.  The filler
acts as a heat sink to reduce the temperature increase in the steel element.  Some materials may also be load-bearing,
carrying some of the load that is no longer carried by the steel element.  The most common filling materials are concrete
or water.

7.5.1.2 Reinforced Concrete. Concrete is often used as a protective coating for other materials, as well as a primary
load-bearing structural material, and often performs well in a fire situation.  The concrete mix can affect the fire
resistance of the concrete, including the concrete’s density, aggregates, and moisture content.  The actual design of the
concrete member is also important, such as the cover over steel reinforcing bars and restraint conditions.

7.5.1.3 Wood. Depending on its form, wood may or may not provide reasonable structural integrity in a fire.  The
important factors that influence fire resistance are the physical size and moisture content of the members.
Fire-retardant treatments may also be used to delay ignition and retard combustion.

7.5.2 Impact of Passive Fire Protection Systems on Investigation.

7.5.2.1 An investigator needs to determine whether a passive fire protection measure failed, and if it did so, why this
occurred.  This damage could have been due to problems with the design of the system, including the initial design not
being adequate for the expected fire severity, or the fire hazard changing over the lifetime of the structure and not
appropriately modifying the fire protection.  There may have also been problems with the initial construction or
application of the protection, or improper maintenance, such as allowing breaches in compartment walls or damage to
applied coatings.  Analysis of the damage to systems may also aid in the development of the fire’s growth history.

7.5.2.2 Analysis of Structural Damage. Knowledge of a structural element’s response to fire can aid in determining
the severity of a fire through an examination of the damage done to the structural element.  The response of a structural
element’s protection can also aid in determination of fire severity.  If a fire severity is known, it may be possible to use
this in the elimination of fire origin or causes.
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7.6 Design and Installation Parameters of the System.

7.6.1 Simply identifying the presence of a passive fire protection system or component is insufficient in the evaluation
of that system or component.  The investigator shall evaluate whether each system and/or component had a role in the
evolution of the fire.

7.6.2 If the passive fire protection system is determined to have had a role in the evolution of the fire, additional work
must be performed to further analyze that role.

7.6.2.1 Aspects of the fire protection system that must be evaluated are included in sections 7.2.2.2 to 7.2.2.4.

7.6.2.2 The materials used and thicknesses of each component of the passive fire protection system shall be
evaluated, documented, and analyzed.

7.6.2.3 Part of the evaluation of the passive fire protection system shall be to utilize testing, listings, approvals, and/or
certifications from recognized testing laboratories.

7.6.2.4 The quality of construction/installation shall be evaluated, documented, and analyzed.

7.6.3 The passive fire protection system shall be evaluated in conjunction with an analysis of the applicable codes,
standards, guides, and manufacturer’s instructions regulating that system.

7.6.4 The protection of openings in a structure can be a critical aspect of fire growth and spread.  The way in which
these openings are protected must be evaluated, documented, and analyzed.

7.6.4.1 Doors, including door frames and structure, shall be evaluated, documented and analyzed.  This shall include
the fire rating and installation of the door, door frame, door hardware, and construction surrounding the door.

7.6.4.2 The protection of openings in a structure by use of windows shall be evaluated, documented, and analyzed.
This shall include the window glass, opening mechanisms/hardware, frame, and construction surrounding the window.
The type of glass, thickness of the glass panes, and number of panes shall also be included.

7.6.4.3 Ductwork within a structure shall be evaluated, documented, and analyzed.  Ductwork often penetrates walls,
floors, and ceilings and must be analyzed to determine what role, if any, the ductwork had in the evolution of the fire.

7.6.4.4 Smoke and/or fire dampers shall be analyzed as part of the ductwork for their role in the evolution of the fire.
This shall include whether smoke and/or fire dampers were present, should have been present, and whether they
functioned as intended.

7.6.5 All penetrations through passive fire protection systems shall be evaluated, documented, and analyzed to
determine whether they were appropriately protected or sealed and to determine if they contributed to the evolution of
the fire.  Additionally, all penetrations through passive fire protection systems shall be evaluated in relation to the
applicable codes, standards, and manufacturer’s instructions

7.7 Documentation and Data Collection.

7.7.1 When the passive fire protection system is determined to be a factor in the evolution of the fire, the following
should be performed.

7.7.2 As part of the gathering of information any and all available documentation should be obtained relating to the
design of the fire protection systems.  This may include design plans, design specifications, variances approved by the
authority having jurisdiction, and any other document relating how the system was designed.

7.7.3 A history of the applicable permits, which may include the building and fire permits, shall be obtained and
examined.  The permits can be used to determine the scopes of work reportedly performed, the various parties who may
have an interest in the incident, and they may assist in establishing a timeline of events leading up to the fire.
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7.7.4 Any and all available invoices should be obtained and examined.  The invoices can assist the investigator in
establishing what work was performed by which parties and can provide information as to what materials and
components were purchased.

7.7.5 In addition to the design plans and design specifications, when available, as-built drawings should be obtained
to assist the investigator in determining the pre-fire conditions.  If the as-built drawings are not available it may be
necessary, if possible, to create as-built drawings based on the post-fire conditions.

7.7.5.1 Documentation of a fire scene shall include enough measurements, diagrams, and/or photographs so an
as-built drawing or reconstruction can occur after the fire scene is no longer available to the investigator.

7.7.6 When available, maintenance, inspection, and/or testing documentation should be obtained for any fire
protection system which may have had a role in the evolution of the fire.  This documentation should include inspection
forms, photographs, invoices, etc.

7.7.7 The investigator should work to identify and collect any product literature specific to the fire protection system.
This may include installation manuals, user manuals, specifications, product manufacturer model information, and
information on pre-engineered systems.

7.7.8 The identification of, handling, storage, and transfer of evidence may be critical in allowing all interested parties
the opportunities to evaluate the evidence.  Whenever possible all interested parties shall be notified of the loss and
invited to the site to examine the evidence in place.  If the collection of evidence is deemed necessary for the further
analysis of the evidence or to provide other parties with their own opportunity to collect the evidence, care should be
taken to minimize the destruction and alternation of the evidence during the collection and handling processes.  The
destruction or alternation of the evidence without all parties consent and/or agreement and/or presence can be deemed
spoliation.

7.8 Analysis

7.8.1 Code Analysis

7.8.1.1 There may be numerous codes to analyze in order to perform a thorough evaluation.  At a minimum, the
building code, fire prevention code and property maintenance codes should be reviewed.  In addition, the Life Safety
Code (NFPA 101) may need to be reviewed if it was legally adopted by either the local jurisdiction or the state in which
the fire occurred.

7.8.1.2 The building code that was in effect when a permit was issued to construct or modify a structure is typically
indicated on the permit application and/or building permit.  As the fire prevention and property maintenance codes
mostly contain provisions for existing buildings, the applicable edition will be the one in effect on the day of the fire.  Both
the name of each code and the specific edition are very important.

7.8.1.3 The building code will include requirements for passive fire protection systems.  These include the following:

7.8.1.3.1 Type of Construction - This chapter indicates the required fire ratings of the structure elements.  This chapter
will also provide where combustible materials can be used in non-combustible construction.

7.8.1.3.2 Fire-Resistance Rated Construction - This chapter provides provisions for specific structure elements.  This
chapter will also include items such as penetrations, joint systems, opening protection and duct openings.  There are
well-established procedures available to calculate the fire resistance of specific materials or combinations of materials.

7.8.1.4 Other chapters such as Glass & Glazing, Gypsum Board & Plaster, etc. may also contain useful information.
Numerous provisions in the building code reference specific standards, for example ASTM and UL.

7.8.1.5 The Life Safety Code contains provisions for both new construction and existing buildings.  The classification of
occupancy is the first item that needs to be determined in order to pinpoint the specific code provisions that need to be
evaluated.  This code also has a chapter that contains specific requirements for passive fire protection systems.
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7.8.1.6 The fire prevention code and property maintenance code will typically contain basic maintenance requirements
for fire rated construction.  They also require that opening protection be properly maintained.

7.8.2 Design Analysis.

7.8.2.1 The approved construction documents and copies of the applicable codes are essential for this part of the
analysis.  The analysis must determine whether or not the systems were constructed in accordance with the approved
construction documents.  The construction documents will include drawings, specifications, and possibly some design
calculations.  The drawings will include floor plans, details, cross-section elevations and schedules for the work.

7.8.3 Installation Analysis.

7.8.3.1 The approved construction documents and copies of the applicable codes are essential for this part of the
analysis.  The passive fire protection systems must be inspected to determine whether they were constructed in
accordance with the approved construction documents.  Just because a system was constructed in accordance with the
approved construction documents does not necessarily mean that it complies with the applicable codes.

7.8.4 System Performance

7.8.4.1 If computer modeling or calculations may be used to assess the performance of the passive fire protection
system, the thermal properties of the walls, ceilings and floors will likely be needed for the evaluation.

7.8.5 Testing & Maintenance Analysis

7.8.5.1 There is typically no type of periodic testing that is required for passive fire protection systems.  The same
applies to periodic maintenance.  However, the building owner may be required to maintain the systems by ensuring that
they are not damaged or breached.

7.8.6 Origin & Cause Determination

7.8.6.1 The investigator should examine all passive fire protection systems to determine the effect that they had on the
growth and spread of the fire.  Both fire and property maintenance codes require fire rated assemblies to be maintained
so that they will properly resist the passage of fire and smoke.

7.8.6.2 Analysis of Structural Damage

7.8.6.2.1Penetrations.  The investigator must examine all penetrations through a fire rated assembly.  Whether or not
the penetrations were properly sealed must be documented.  The investigator must determine whether or not each
penetration contributed to the spread of fire and smoke.

7.8.6.2.2Joint Systems.  The joint systems that were installed in or between fire rated walls, floor or floor/ceiling
assemblies and roof or roof/ceiling assemblies must be examined.  The investigator must determine whether the system
failed by not resisting the passage of fire as expected by its fire rating.  The joint system should be evaluated to verify
that it was securely installed in or on the joint for the entire length.  It should be noted that the building code contains
exceptions for requiring fire rated joint systems.

7.8.6.2.3Fire Doors. Any fire doors must be examined to determine if they functioned as they were designed to.  The
extent of the damage to a fire door must be carefully evaluated and documented.  Special attention must be given to the
evaluation of the closing device to determine whether is performed properly.  The information on the door label should
be recorded.

7.8.6.2.4Fire Windows.  The extent of the damage to each fire window must be evaluated and recorded.  The thickness
of the glazing and whether or not it was wired glass must be documented along with the condition of the frame.  The
information on the door label must be recorded.

7.8.6.2.5Duct and Air Transfer Openings.  Any fire dampers, smoke dampers, combination fire/smoke dampers or
ceiling radiation dampers must be examined to determine if they functioned as designed.  The actuating device/method
must be examined.  It should be noted that the building code may allow ducts to penetrate a fire rated assembly without
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requiring a fire damper under certain conditions.

7.8.6.2.6Fireblocking and Draftstopping.  If the building has combustible concealed spaces, any fireblocking or
draftstopping must be evaluated and documented.  The investigator must determine whether the
fireblocking/draftstopping was installed in the correct locations.  The material and thickness must be documented.

Statement: The introduction of passive fire protection provides the investigator additional building and construction
features to consider when investigating the spread of a fire.

_______________________________________________________________________________________________
921    CI14
()
_______________________________________________________________________________________________
Submitter: Technical Committee Fire Investigations
Recommendation: A.7.5 For further information see the following publications: ASCE/SEI/SFPE 29-05 Standard
Calculation Method for Structural Fire Protection.

Statement: The introduction of passive fire protection provides the investigator additional building and construction
features to consider when investigating the spread of a fire.
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