Appendix

() Pre collapse events in the Twin Towers: presserpulses, unusual fire
behavior, sudden smoke flow

The following compilation was started for the dission of the statement by NISny
molten steel in the wreckage was more likely dubediigh temperature resulting from

long exposure to combustion within the pile thashort exposure to fires or explosions
while the buildings were standing “

However, it might be interesting to discuss thesexice of those pressure pulses and the
existence of other events, namely unusual fire iebg and unusual smoke events as
independent subjects, but it goes behind the sobites appendix to discuss those
events here.

Quotes:

General remarks, remarks reqgarding both buildings

NISTNCSTAR 1-5A chap 1-8pdf; Pages 52 and 53 (18119 of 392 in PDF):
53 UNUSUAL BURNING AND SMOKE BEHAVIORS

During the review of the image databases, and particularly videcs, a number of observations were made
of behaviors that are not characteristic of “typical” building fires. Some of these observations mvolved
the fire behavier. These included examples of extremely rapid apparent fire spread (based on fire
appearance at windows on the outer fagade). Generally, building fires go through 2 cycle of growth,
mtense buming, and decay which takes place on time scales on the order of tens of mmnutes. There were
fires m the towers that bumed for much longer periods than this, perhaps mdicating the presence of
unusually high fuel loads. There were also oceasional flare ups of flames suggesting some change within
the towers. Observations such as these are described in Chapter § and Chapter 9.

In both towers, there were occasions when large amounts of smeke and/or dust and sometimes flames
were pushed sinmltanecusly out of multiple open windows covering several floors and faces of the tower.

52 NIST NCS5TAR 1-84, WTEC Invesfigaiion

Fire Charactenzation

These events were typically short lived {on the order of a few seconds) and will be refemed to as “puffs™
The occurrence of puffs suggests the generation of pressurs pulses within a given tower that are
fransmutted through open pathways to remote locations and drive smoke and other matenial from the
tower. The pressure changes required to generate such puffs are not large and can be generated by events
that result in relatively small volume changes, such as collapsmg walls and ceilings, partial floor
collapses. and sudden openings of ventilation pathways (e.g.. an mternal door). Some of the pressure
pulses comcided with obvicus events. such as an aireraft impact on or collapse of the other tower and are
relatively easy to understand. Others occurred without outward mdications of their sources. Since these
puffs (pressure pulses) may be an indication of structurally mmportant changes taking place within the
towers, their occurrences have been documented.

Regarding WTC 1




NISTNCSTAR 1-5A chap 1-8pdf / Page 217 (313 ...in PDF
The most dramatic change in the fire distnibution 1s on the 98th floor. At the earlier time there was no
indication of fire on the west zide of this floor, while in Figure 868 flames can be seen over a length
munning from the south edge of the face to at least window 98-440. From the available imagery, it has
proven difficult to determine precisely when this fire appearad. but a review of helicopter video suggests
it occurred between 9:323:10 am. and 9:39:03 a.m. Given the low mtensity of the fire, such apparent rapid
fire spread 13 dufficult to understand.

NISTNCSTAR 1-5A chap 1-8pdf / Page 253 (349 of BOPDF):

In Figure 2-24 thers was no mdication of fire in the room located on the northwest cormer of the 95th
floor, where a fire is evident in windows 93-101 to $3-104 m Figure 8-84. Videos show that there was a
puff of smoke from this area at 10:18:16 am. As another video zoomed m, fire was wisible in window
95-102 at 10:18:20 am. At 10:18:28 am fire suddenly appeared simmltaneously at the tops and bottoms
of windows 93-101 and 95-103 and shorily thereafter at the bottom of window 95-104. These windows
are in the comer room with walls that extended to columns 95-108 and 93436 (see Figure B-4). Fecall
that there was no evidence for fire in this room on the west face at 10:12:01 am. The wisual evidence
suggests that a fire grew in this room very shortly after this time.

Fire 15 present on the 98th floor to the right of the areraft impact area. This fire has decreased m mtensity
since 10:15:10 am.

At 10:18:48 am. an event tock place within the tower that created a pressure pulse of sufficient
magmitude to force smoke out of numerous windows cn the north face, as well as from the other faces.
The most obvicus effect of this pressure pulse was the release of a dense line of smoke along a length of
the 92nd floor on the north face, extending from roughly window 9£-110 to window 94-13%. This smoke
release was evident in numerous videos, including a mumber shot at great distances. Figure 893
compares two frames taken from a video showing the north face just prior to the smoke release and the
appearance just over 4 s later. Even though the video was shot from a distance, the line of smoke that has
appeared from the 92nd floor 13 readily apparent. It 15 sigmificant that unnl this time very little smoke had
been observed coming from the open windows on this floor, even though fires had been buming on the
floor for some time.

Closer inspection of this video, as well as others, shows many additional effects of the pressure pulse at
other locations on the tower. Smoke and/or dust were pushed out of windows on the east side of the north
face at the 94th floor. This material iz responsible for the light-colored “smoke™ seen near the eastern
edge of the bulding mmediately above the darker smoke releasad from the 92nd floor in Figure 8-93.
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NISTNCSTAR 1-5A chap 1-8pdf / Page 254 (350 of BORDF):

On the western side of the north face there 1s a region of mereased smoke flow higher up in the vicimity of
the 95th to 08th floors. While it is diffieult to see i the frame recorded at 10:18:51 am | it1s clear in the
video that a large flame was pushed out of windows on the 93th floor by the pressure pulse. Comparison
of the two frames shows that smoke is present on the west face m this same area at the later time, which
was not apparent earlier.

NISTNCSTAR 1-5A chap 1-8pdf / Page 256 (352 of 89PDF):



A video shot from the west shows that heavy smoke was pushed out of windows on the 95th and 95th
floors on the north side of the west face at the same time the changes were chserved on the north face.
Thus video also shows what appears to be a jet of smoke being ejected from a lower floor on the south
face of the tower. A view of this jet is highlizhted m Figure 897, which shows a frame taken from the
vidao 3 s after the start of the pressure pulse, i.e., at 10:18:33 am. The smoke coming from the 92nd
floor on the north face 15 also highlighted. The video also shows a large amount of debnis falling along
the morth and south faces of the tower around the time of the pressure pulse.

The available imagery from the south and east around this time provides insufficient detail to detect the
effects of the pressure pulse on these faces.

The fact that smoke and fire were pushed out of the tower from numerous windows over mmultiple floers
confirms that a significant pressure pulse was generated inside the bnlding. Sinular behaviors were
observed when the second plane impacted WTC 2 and when WTC 2 collapsed. While 1t seems likely that
the pressure pulse was generated by some sort of collapse within the tower, e.g., a portion of the core
seftling or & partial floor collapse, it has not been possible to determune the nature of the event or even its
general location based on the visual record.
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NISTNCSTAR 1-5A chap 1-8pdf / Page 257 (353 of 89PDF):

Fire Behavior in WTG 1

| ©.2001 WPIX-TV NYC
10:18:53 a.m.

Figure 8-97. This image showing the west face and an obligue view of the north face was
captured from a video shot from a news helicopter at 10:18:53 a.m. The highlighted
areas with adjusted intensities indicate smoke and/or dust plumes that were pushed from
the north and south faces by a pressure pulse that passed through the tower at
10:18:48 a.m.



NISTNCSTAR 1-5A chap 1-8pdf / Page 261 (357 of 89PDF):
The photograph shown in Figure 8-101 was shot 1.4 5 after WTC 1 began to collapse. The lines of dust
visible coming from the 98th floor on the north and west faces of the tower may be an indication that the
collapse bezan near this floor. As the building collapsed it acted as a pisten, forcing air downward cnto
other floors. The resultmg pressure increase forced zas flows out of open windows on lower floors. Asa
result of this process, fire and smeke were pushed out of the building.

NISTNCSTAR 1-5A chap 1-8pdf / Page 278 (374 of 89PDF):

A wideo shot from the northwest shows that smoke was forced out of west face windows on the north
edge of the face and two locations closer to the center of the face, locations where smoke had not be
observed previously, approximately two seconds before the collapse of WTC 1 began. At the same time
smoke and fire began to flow from the 94th floor at the south edge. Recall that 2 noticeable brightening
of the fire burming on the 98th floor on the east face was also observed just seconds prior to the collapse.
These observations mdicate that a pressure pulse passed through the tower seconds before the actual
collapse was identified visually.

NISTNCSTAR 1-5A chap 1-8pdf / NISTNCSTAR 1-5A chi8.pdf / page 280 (376 of
392 in PDF):

Twao pressure pulses that were large enough to force smoke and fire from open windews on multiple faces
and floors were observed durning the period. The first ccowred at 10:12:48 a.m. and the second just
seconds prior to the collapse of the tower at 10:28:22 am. The sources for these pressure pulses are
unknown, but it seems likely that they resulted from significant stuctural changes within the tower.

NISTNCSTAR 1-5A chap 1-8pdf / Page 290 (386 of BORDF):

At 10:12:48 am.. a pressure pulse pushed large amounts of smeke and fire out of open windews on
multiple floors and faces of WTC 1. The most dramatic effect of this pressure pulse was on the 92nd
floor, where a long line of smoke appeared from open windows on the north face. Up until this time,
there had been very little smoke coming through the open windows from the widespread fires buming on
this floor. During the final ten minutes prior to the collapse of WTC, a large fire grew on the 92nd floor
in the large open area on the west side of the north face. A large burst of fire was pushed from the area
when WTC 1 collapsed.

The pressure pulse at 10:18:48 am. also seemed to cause a fire buming in a room in the northwest comer
of the 95th floer to suddenly intensify and to extend flames from nerth face windows. Flames were also
pushed out of this area when the tower collapsed. Fires present elsewhere on the north face, such as on
the west side of the 98th floor, were dymng down.

Regarding WTC 2

NISTNCSTAR 1-5a chap 9 AppdxC.pdf / Page 334 (3868 in PDF):

Dring the period, a substantal fire was observed briefly near the
east edge of the 83rd floor. Infrared images recorded during the early part of the penod mdicated that
there was strong heating on the 213t floor and only regions of localized heating on the 79th and 80th
floors. Ower the course of the pertod, increasingly frequent and intense mtermuttent bursts of smoke were
observed coming from windows on several floors of the face. Rapid varations m fire dismibution were
also observed.

NISTNCSTAR 1-5a chap 9 AppdxC.pdf / Page 337 (4268 in PDF):



NISTNCSTAR 1-5a chap 9 AppdxC.pdf / Page 339 (4368 in PDF):

NISTNCSTAR 1-5a chap 9 AppdxC.pdf / Page 344 (4868 in PDF):



NISTNCSTAR 1-5a chap 9 AppdxC.pdf / Page 346 (5068 in PDF):

NISTNCSTAR 1-5a chap 9 AppdxC.pdf / Page 350 (5268 in PDF):



NISTNCSTAR 1-5a chap 9 AppdxC.pdf / Page 351 (5368 in PDF):

and:

NISTNCSTAR 1-5a chap 9 AppdxC.pdf / Page 362 (6868 in PDF):

NISTNCSTAR 1-5a chap 9 AppdxC.pdf / Page 369 (73268 in PDF):



NISTNCSTAR 1-5a chap 9 AppdxC.pdf / Page 371 (7368 in PDF):

NISTNCSTAR 1-5a chap 9 AppdxC.pdf / Page 374 (7868 in PDF):

NISTNCSTAR 1-5a chap 9 AppdxC.pdf / Page 376 (8268 in PDF):



NISTNCSTAR 1-5a chap 9 AppdxC.pdf / Page 380 (8268 in PDF):

NISTNCSTAR 1-5a chap 9 AppdxC.pdf / Page 383 (8268 in PDF):



NISTNCSTAR 1-5a chap 9 AppdxC.pdf / Page 396 (100268 in PDF):

NISTNCSTAR 1-5a chap 9 AppdxC.pdf / Page 408 (11268 in PDF):



NISTNCSTAR 1-5a chap 9 AppdxC.pdf / Page 409 (11368 in PDF):






NISTNCSTAR 1-5a chap 9 AppdxC.pdf / Page 410 (1f1268 in
PDF):

NISTNCSTAR 1-5a chap 9 AppdxC.pdf / Page 412 (11868 in PDF):

NISTNCSTAR 1-5a chap 9 AppdxC.pdf / Page 385 (8268 in PDF):

NISTNCSTAR 1-5a chap 9 AppdxC.pdf / Page 412 (1f1568):

(1N Appendix M (metallurgy)

Dependence of the melting point of iron on the oarbontent

quote:

“The effects of carbon are best illustrated by am-icarbon equilibrium diagram (see
figure). The A-B-C line represents the liquidusn®i(i.e., the temperatures at which
molten iron begins to solidify), and the H-J-E-@direpresents the solidus points (at
which solidification is completed). The A-B-C lindicates that solidification




temperatures decrease as the carbon content abamielt is increased. (This explains
why gray iron, which contains more than 2 percearbon, is processed at much lower
temperatures than steel.) Molten steel containiogexample, a carbon content of 0.77
percent (shown by the vertical dashed line in ifper€) begins to solidify at about 1,475°
C (2,660° F) and is completely solid at about 1;400(2,550° F).”

.lron-carbon equilibrium diagram.*:

Quoted from the article "steel” Encyclopaedia Britiga 2007. Encyclopaedia Britannica
Online. 24 2007 kttp://www.britannica.com/eb/article-911066and
http://www.britannica.com/eb/art-1536/Iron-carbon-equilibrium-
diagram?articleTypeld=1)

Puddling process:
Diagram with quote':

lSourc:e:http://henrycort.net/OZiron.htm




“The sectional diagram shows the hearth on the ridjet chimney on the left. At the front (the dim@t
from which we are looking) are two doors. Onededito load fuel to the hearth, the other to Idael t
charge into the firebridge. The firebridge doorsteasmall covered aperture, through which the istgr
pole can be inserted.

In Cort's "dry" puddling process, cast or "pig" imas loaded into the firebridge. The hot gased tinel
iron, then start to remove the impurity. As thenillecomes purer its melting point goes up andiitsto
solidify.

The purpose of stirring is to remove the coatingalfd iron, exposing more molten iron to the actad
the gas. This goes on for an hour or so beforadjins complete: very hard work for tbeddlerwho does
the stirring”

Sourcehttp://henrycort.net/02iron.htm

Quote:

“J.J.Davies, who was born in Tredegar but emigrated to America where he later became a
prominent figure in Government, wrote an account of his early experiences as a puddler in his
book - "The Iron Puddler", recently republished.

Extracts from "The Iron Puddler" by J.J.Davies

[...] After melting down the pig-iron as quickly as possible, which took me thirty minutes, there
was a pause [...] For the next seven minutes | "thickened the heat up" by adding iron oxide to the
bath. This was in the form of roll scale [iron oxid].

The furnace continued in full blast till that was melted. The liquid metal in the hearth is called slag.
The iron oxide is put in it to make it more basic for the chemical reaction that is to take place.
Adding the roll scale had cooled the charge, and it was thick like hoecake batter. | now thoroughly
mixed it with a rabble which is like a long iron hoe.

"ON THE BOIL"

For twenty-five minutes while the boil goes on | stir it constantly with my long iron rabble.[...]



Little spikes of pure iron like frost spars glow white-hot and stick out of the churning slag.
These must be stirred under at once; the long stream of flame from the grate plays over the
puddle, and the pure iron if lapped by these gases would be oxidized and burned up.

Pasty masses of iron form at the bottom of the puddle. There they would stick and become chilled
if they were not constantly stirred.

The whole charge must be mixed and mixed as it steadily thickens so that it will be uniform
throughout.[...]

"COMING TO NATURE"
The charge which | have been kneading in my furnace has now "come to nature," the stringy
sponge of pure iron is separating from the slag.
The "balling” of this sponge into three loaves is a task that occupies from ten to fifteen minutes.
The particles of iron glowing in this spongy mass are partly welded together; they are sticky and
stringy and as the cooling continues they are rolled up into wads like popcorn balls. [...]

Quoted fromhttp://www.geocities.com/jenks436/puddler.html.

See also'Cort, Henry" Encyclopaedia Britanni@®d07. Encyclopaedia Britannica Online.
3 2007http://www.britannica.com/eb/article-9026426

Siemens regenerative furnace and Siemens-Martivafer

See below a schematic diagram of a Siemens-Matindee from a book from 1895,
and schematic diagrams of the heat accumulatons thhe same book.



"Description:

Siemens Matrtin furnace used for the manufacturirgjeel.”

From wikipedia,
http://upload.wikimedia.org/wikipedia/commons/5&6@&mensmartin12nb.jpg

“Description

Siemens Martin furnace used for the manufacturingteel: heat accumulators.
Picture[s] scanned from: Manuel de la métallurgie lder, Tome 1, by Adolf Ledebur;
French version translated by Barbary de Langladea@ed by F.Valton, published by
Librairie polytechnique Baudry et Cie, 1895. padg®.1

Here copied from wikipedia
http://de.wikipedia.org/wiki/Bild:Regenerateur siens nb.jpg




See below a schematic diagram of a modern SiememsrMurnace:

Picture/diagram from Encyclopedia Britannica

The first Siemens regenerative furnaces might agelbeen constructed as reverberatory
furnaces but used crucibles instead accordingadeticyclopaedia BritannicaAfter

1870 the Siemens regenerative gas furnace repldeedoke-fire furnacused in the
crucible process, see belqgut]produced even higher temperatures. The Sierhenace
had a number of combustion holes, each holdingrakgricibles, and heated as many

as 100 crucibles at a time.” All high-quality tostieel and high-speed steel was long
made by the crucible process ..(Quoted from article "crucible process" Encyclopaedi
Britannica 2007. Encyclopaedia Britannica Online. 31 2007
http://www.britannica.com/eb/article-90280%4

Siemens used his furnace mainly for the produatiogiass. In France it was used for the
first time for the production of steel. The onlyusce obtained that mentioned that the
steel was placed in crucibles in the Siemens -reggive furnace is the above quoted
“Encyclopaedia Britannica” article. However, the i8ens-Martin process used later and
uses up to now a reverberatory type of furnace.

See also: article reverberatory furnace" Encyclopaedia Britannic&2007.
Encyclopeaedia Britannica Online. 3 2007t#://www.britannica.com/eb/article-
9063351

(11 Appendix Workstation burn tests by NIST

A few excerpts from NISTNCSTAR 1-5C (see NIST foll fesults, etc.)


















