
11-4403-cv 
 

United States Court of Appeals 
for the 

Second Circuit 
  

AEGIS INSURANCE SERVICES, INC., LIBERTY INSURANCE 
UNDERWRITERS, INC., NATIONAL UNION INSURANCE COMPANY OF 
PITTSBURGH, NUCLEAR ELECTRIC INSURANCE LIMITED, CERTAIN 
UNDERWRITERS AT LLOYDS, (Syndicates 1225 and 1511), as subrogor of 

Consolidated Edison Company of New York, Inc., and CONSOLIDATED 
EDISON COMPANY OF NEW YORK, INC. 

Plaintiffs-Appellants, 

(For Continuation of Caption See Inside Cover) 
_______________________________ 

ON APPEAL FROM THE UNITED STATES DISTRICT COURT 
FOR THE SOUTHERN DISTRICT OF NEW YORK 

 

JOINT APPENDIX 
Volume 13 of 16 (Pages JA-3321 to JA-3616) 

 

 
KATHERINE LINDSAY PRINGLE
FRIEDMAN KAPLAN SEILER & ADELMAN LLP 
Seven Times Square, 28th Floor 
New York, New York 10036 
(212) 833-1100 

Attorneys for Defendants-Cross-
Defendants-Cross-Claimants- 
Third-Party-Plaintiffs-Appellees 

 

THOMAS J. MOLONEY 
CLEARY GOTTLIEB STEEN & HAMILTON LLP 
One Liberty Plaza 
New York, New York 10006 
(212) 225-2000 
 
Attorneys for Defendants-Cross-Defendants-

Cross-Claimants-Appellees 

FRANKLIN M. SACHS 
GREENBAUM, ROWE, SMITH  

& DAVIS LLP 
Metro Corporate Campus One 
P.O. 5600 
Woodbridge, New Jersey 07095 
(732) 549-5600 

  – and – 

MARK L. ANTIN 
GENNET, KALLMANN, ANTIN  

& ROBINSON, P.C. 
Six Campus Drive 
Parsippany, New Jersey 07054 
(973) 285-1919 
 

Attorneys for Plaintiffs-Appellants 

(For Continuation of Appearances See Inside Cover) 
 

Case 11-4403, Document 77-1, 02/14/2012, 525376, Page1 of 82



 
 
 

v. 

7 WORLD TRADE COMPANY, L.P.,  

Defendant-Cross-Defendant-Cross-Claimant-Third-Party Plaintiff-Appellee, 

CITIGROUP INC., CITIGROUP GLOBAL MARKETS HOLDINGS INC., 
SALOMON SMITH BARNEY HOLDINGS, INC., SALOMON INC., 

SILVERSTEIN DEVELOPMENT CORP., SILVERSTEIN PROPERTIES, INC.,  

Defendants-Cross-Defendants-Cross-Claimants-Appellees, 

TISHMAN CONSTRUCTION CORPORATION,  

Defendant-Cross-Defendant-Appellee,  

OFFICE OF IRWIN G. CANTOR, P.C., FLACK & KURTZ, INC., 

Defendants-Cross-Defendants-Third-Party Defendants-Appellees, 

SWANKE HAYDEN CONNELL ARCHITECTS, SYSKA & HENNESSY 
GROUP, INC., AKA SYSKA & HENNESSY ENGINEERS, 

Defendants-Cross-Defendants-Cross-Claimants-Third-Party Plaintiffs, 

H.O. PENN MACHINERY CO., INC., ALL FIRE SYSTEMS, INC., 

Defendants-Cross-Defendants-Cross-Claimants, 

GRACE CONSTRUCTION PRODUCTS, EMERY ROTH & SON, P.C., 
SECURITAS AB, SECURITY SERVICES, INC., CENTIFUGAL 

ASSOCIATES, INC., SYSKA & HENNESSY, INC., 

Defendants-Cross-Defendants, 

AMBASSADOR CONSTRUCTION CO., INC., COSENTINI ASSOCIATES 
INC., CANTOR SEINUK GROUP, P.C., SKIDMORE OWINGS AND 

MERRILL, L.L.P., AMBASSADOR CONSTRUCTION CO., INC., AMEC 
CONSTRUCTION MANAGEMENT, INC., FKA MORSE DIESEL 

INTERNATIONAL, INC., 

Defendants-Cross-Defendants-Third-Party Defendants, 

DIC/UNDERHILL, a joint venture, KABACK ENTERPRISES, PREFERRED 
UTILITIES MANUFACTURING CORP., ELECTRIC POWER SYSTEMS, 

INC., G.C. ENGINEERING & ASSOCIATES, P.C., FIRECOM INC., 
FIBERLOCK TECHNOLOGIES, INC., ROSEBWACH TANK CO., INC., 

ABCO PEERLESS SPRINKLER CORPORATION, AMR CORPORATION, 
AMERICAN AIRLINES, INCORPORATED, UAL CORPORATION, UNITED 

AIRLINES INCORPORATED, COLGAN AIR, INCORPORATED, US 
AIRWAYS GROUP, INCORPORATED, US AIRWAYS, INCORPORATED, 
HUNTLEIGH USA CORPORATION, ICTS INTERNATIONAL NV, GLOBE 

Case 11-4403, Document 77-1, 02/14/2012, 525376, Page2 of 82



AVIATION SERVICES CORPORATION, BURNS INTERNATIONAL 
SECURITY SERVICES CORPORATION, PINKERTON’S INCORPORATED, 

BOEING COMPANY, AMEC, PLC, KABACK ENTERPRISES, 

Defendants, 

THE WTC PLAINTIFFS, 

Plaintiff-Intervenor. 
 
 

KENNETH G. SCHWARZ 
COZEN O’CONNOR 
45 Broadway Atrium, 16th Floor 
New York, New York 10006 
(212) 509-9400 
 
Attorneys for Defendant-Cross-

Defendant-Appellee 

DAVID ABRAMOVITZ 
ZETLIN & DE CHIARA LLP 
801 Second Avenue 
New York, New York 10017 
(212) 682-6800 
 
 – and – 
 
STEPHEN P. SCHRECKINGER 
GOGICK, BYRNE & O’NEILL, LLP 
11 Broadway, Suite 1560 
New York, New York 10004 
(212) 422-9424 
 
Attorneys for Defendants-Cross-

Defendants-Third-Party-Defendants-
Appellees 

 
 

Case 11-4403, Document 77-1, 02/14/2012, 525376, Page3 of 82



i 

TABLE OF CONTENTS 

Page 

Docket Entries .........................................................................................  JA-1 

Complaint, Filed September 10, 2004 ....................................................  JA-179 

Answer, Filed December 9, 2004 on Behalf of Cantor Seinuk Group, 
P.C. and Office of Irwin G. Cantor, P.C. ......................................  JA-222 

Answer and Cross-Claims, Filed December 30, 2004 on Behalf of 7 
World Trade Center Company, L.P. and Silverstein Properties, 
Inc.  ...............................................................................................  JA-259 

Defendant, Flack & Kurtz, Inc.’s Notice of Motion to Dismiss, Filed 
January 4, 2005 .............................................................................  JA-285 

Declaration of Matthew S. Quinn, Esq. in Support of Flack & Kurtz 
Inc.’s Motion to Dismiss, Filed January 5, 2005, with the 
Following Attached Exhibits ........................................................  JA-287 

 Exhibit A: Federal Emergency Management Agency’s World 
Trade Center Building Performance Study  .......................  JA-289 

 Exhibit B: Port Authority of New York and New Jersey’s 
Permit to Occupy and Use ..................................................  JA-307 

 Exhibit C: Plaintiffs’ Notice of Claim, Dated September 8, 
2004 ....................................................................................  JA-308 

 Exhibit D: Complaint, Filed September 10, 2004 (Omitted Here 
but Reproduced at p. JA-179) ............................................  JA-311 

 Exhibit E: Excerpts of C-10 and C-11 of the Lease Between 7 
World Trade Company and Salomon, Inc., Dated 
November 23, 1988 ............................................................  JA-312 

 Exhibit F: Report of Frederick W. Mowrer, Ph.D., Dated June 
7, 2004 ................................................................................  JA-315 

Order Granting in Part and Denying in Part Motion of Flack & Kurtz, 
Inc., Filed January 10, 2005 .........................................................  JA-319 

Case 11-4403, Document 77-1, 02/14/2012, 525376, Page4 of 82



ii 

Amended Complaint, Filed February 7, 2005 ........................................  JA-322 

WTC7 Ground Construction Defendants’ Notice of Motion to 
Dismiss, Filed April 21, 2005 .......................................................  JA-378 

Third Declaration of Beth D. Jacob, Esq. in Support of WTC 7 
Ground Defendants’ Motions to Dismiss Plaintiffs’ Complaints, 
Dated April 20, 2005, with the Following Attached Exhibits ......  JA-382 

 Exhibit A: Amended Complaint Filed in Aegis Insurance 
Services, Inc., et al. v. Port Authority of New York and 
New Jersey, et al., 02 Civ. 7188, Dated March 6, 2002 .....  JA-386 

 Exhibit B: Second Amended Complaint Filed in Certain 
Underwrites of Lloyds, London, et al. v. The Port 
Authority of New York and New Jersey, 02 Civ. 7328, 
Dated April 4, 2003 ............................................................  JA-404 

 Exhibit C: Complaint, Filed September 10, 2004 (Omitted Here 
but Reproduced at p. JA-179) ............................................  JA-420 

 Exhibit D: Amended Complaint, Filed February 7, 2005 
(Omitted Here but Reproduced at p. JA-322) ....................  JA-421 

 Exhibit E: Federal Emergency Management Agency (“FEMA”) 
Report Entitled “World Trade Center Building 
Performance Study: Data Collection, Preliminary 
Observations, and Recommendations”, Dated May 2002 .  JA-422 

 Exhibit F: Metropolitan Transit Authority’s (“MTA”) 2002 
Annual Report ....................................................................  JA-549 

 Exhibit G: Excerpt from the National Institute of Standards and 
Technology’s Federal Building and Fire Safety 
Investigation of the World Trade Center Disaster Report 
Entitled, “The Emergency Response Operations (Draft)” 
Dated September 2005 .......................................................  JA-551 

 Exhibit H: Article by Graham Rayman, et al., Entitled A 
Sequence of Terror Unfolds, NEWSDAY, Dated 
September 23, 2001 ............................................................  JA-557 

Case 11-4403, Document 77-1, 02/14/2012, 525376, Page5 of 82



iii 

 Exhibit I: Affidavit of Service of the Summons and Amended 
Complaint, Interrogatories and Other Documents on 
Cosentini Associates, Inc. in Aegis Insurance Services, 
Inc., et al. v.  7 World Trade Center Co., L.P. et al. 04 
Civ. 7272, Dated March 7, 2005 ........................................  JA-566 

 Exhibit J: Order Granting in Part and Denying in Part Motion of 
Flack & Kurtz, Inc., Filed January 10, 2005 (Omitted 
Here but Reproduced at p. JA-319) ....................................  JA-567 

 Exhibit K: Notice Pursuant to C.P.L.R. § 214-d to Skidmore 
Owings and Merrill, L.L.P., Dated September 2, 2004 .....  JA-568 

 Exhibit L: Letter from Mark L. Antin, Esq. to Skidmore 
Owings and Merrill, L.L.P., Dated September 8, 2004 
and the Notice Pursuant to C.P.L.R. § 214-d to Skidmore 
Owings and Merrill, L.L.P., Dated September 7, 2004 .....  JA-572 

 Exhibit M: Notice Pursuant to C.P.L.R. § 214-d to Syska & 
Hennessy Engineers, Dated September 7, 2004 ................  JA-577 

 Exhibit N: Letter from Mark L. Antin, Esq. to Flack & Kurtz, 
Inc., Dated September 8, 2004 and the Notice Pursuant to 
C.P.L.R. § 214-d to Flack & Kurtz, Inc., Dated 
September 7, 2004 ..............................................................  JA-581 

Notice of Motion in Support of the Plaintiffs’ Motion for 
Reconsideration of the Court’s Ruling Granting Motions to 
Dismiss Filed by Certain Design, Construction and Contractor 
Defendants, Filed January 27, 2006 .............................................  JA-586 

Memo Endorsed Notice of Motion in Support of the Plaintiffs’ Motion 
for Reconsideration of the Court’s Ruling Granting Motions to 
Dismiss Filed by Certain Design, Construction and Contractor 
Defendants, Filed January 31, 2006, Signed by Judge Alvin K. 
Hellerstein .....................................................................................  JA-588 

Answer and Affirmative Defenses, Filed February 22, 2006, on Behalf 
of Citigroup Inc. and Citigroup Global Markets Holdings, Inc. ..  JA-590 

Answer to Amended Complaint, Filed March 15, 2006, on Behalf of 7 
World Trade Company, L.P. and Silverstein Properties, Inc. ......  JA-611 

Case 11-4403, Document 77-1, 02/14/2012, 525376, Page6 of 82



iv 

Amended Answer of 7 World Trade Company, L.P. and Silverstein 
Properties, Inc. with Cross-Claims and Third Party Claims, 
Filed June 9, 2006 .........................................................................  JA-630 

Plaintiffs’ Notice of Motion for an Order, Based Upon Newly 
Discovered Evidence, Vacating the Court’s January 12, 2006 
Order Granting a Fed. R. Civ. P. 12(b)(6) Motion Dismissing 
Plaintiffs’ Complaint Against Defendants Emery Roth & Son, 
P.C., Irwin G. Cantor, P.C., and Cantor Seinuk Group, P.C., 
Filed July 24, 2006 .......................................................................  JA-659 

Affidavit of Mr. Richard King in Support of Plaintiffs’ Motion, Based 
Upon Newly Discovered Evidence, Vacating the Court’s 
January 12, 2006 Order Granting a Fed. R. Civ. P. 12(b)(6) 
Motion Dismissing Plaintiffs’ Complaint Against Defendants 
Emery Roth & Son, P.C., Irwin G. Cantor, P.C., and Cantor 
Seinuk Group, P.C., Filed July 24, 2006 ......................................  JA-661 

Affidavit of Franklin M. Sachs, Esq., in Support of Plaintiffs’ Motion, 
Based Upon Newly Discovered Evidence, Vacating the Court’s 
January 12, 2006 Order Granting a Fed. R. Civ. P. 12(b)(6) 
Motion Dismissing Plaintiffs’ Complaint Against Defendants 
Emery Roth & Son, P.C., Irwin G. Cantor, P.C., and Cantor 
Seinuk Group, P.C., Filed July 24, 2006, with the Following 
Attached Exhibit ...........................................................................  JA-664 

 Exhibit A: Consent Agreement, Dated March 31, 1982 ..............  JA-670 

Order, Filed July 27, 2006 ......................................................................  JA-698 

Order, Filed August 8, 2006 ...................................................................  JA-700 

Stipulation Withdrawing Plaintiffs’ Motion to Vacate without 
Prejudice, Filed December 12, 2006 ............................................  JA-702 

Second Amended Complaint, Filed July 11, 2008 .................................  JA-704 

Answer of 7 World Trade Company, L.P., Silverstein Properties, Inc., 
and Silverstein Development Corp. to the Second Amended 
Complaint, with Cross-Claims and Third-Party Claims, filed 
August 6, 2008 ..............................................................................  JA-764 

Case 11-4403, Document 77-1, 02/14/2012, 525376, Page7 of 82



v 

Answer and Affirmative Defenses to Second Amended Complaint, 
Filed October 2, 2008, on Behalf of Citigroup Inc. and 
Citigroup Global Markets Holdings, Inc. .....................................  JA-772 

Notice of Motion by Defendants 7 World Trade Company, L.P., 
Silverstein Development Corp. and Silverstein Properties, Inc. 
for Summary Judgment Dismissing all Claims Against Them, 
Filed November 24, 2009 .............................................................  JA-774 

Statement Pursuant to Local Civil Rule 56.1 in Support of 
Defendants’ Motion for Summary Judgment Dismissing 
Plaintiffs’ Claims Asserted Against Them, Filed November 24, 
2009 ..............................................................................................  JA-776 

Declaration of Jeffrey R. Wang, Esq. in Support of the Motion for 
Summary Judgment, Filed November 24, 2009, with the 
Following Attached Exhibits ........................................................  JA-788 

 Exhibit A: Second Amended Complaint, Filed July 11, 2008 
(Omitted Here but Reproduced at p. JA-704) ....................  JA-792 

 Exhibit B: Agreement of Lease Between The Port Authority 
and Con Edison, Dated May 29, 1968 ...............................  JA-793 

 Exhibit C: Excerpts of the Agreement of Lease Between The 
Port Authority and 7 World Trade Company, L.P., Dated 
December 31, 1980.............................................................  JA-828 

 Exhibit D: Excerpts of the Transcript of the Deposition 
Testimony of Larry A. Silverstein, Dated June 24, 2009 ..  JA-845 

 Exhibit E: Plaintiffs’ Memorandum of Law in Opposition to 
Silverstein’s Motion to Dismiss, Dated March 18, 2008 ...  JA-853 

 Exhibit F: Consent Agreement Between Con Edison and 7 
World Trade Company, L.P., Dated March 1982 ..............  JA-868 

 Exhibit G: Excerpts of the Transcript of the Deposition 
Testimony of Richard King, Dated July 17, 2007 .............  JA-897 

 Exhibit H: Excerpts of the Transcript of the Deposition 
Testimony of Frank P. Cruthers, Dated May 12, 2009 ......  JA-907 

Case 11-4403, Document 77-1, 02/14/2012, 525376, Page8 of 82



vi 

 Exhibit I: Excerpts of the Transcript of the Deposition 
Testimony of Tiernach Cassidy, Dated May 15, 2009 ......  JA-914 

 Exhibit J: Excerpts of the Transcript of the Deposition 
Testimony of Richard A. Rotanz, Dated May 14, 2009 ....  JA-918 

 Exhibit K: Excerpts of the Transcript of the Deposition 
Testimony of Rudolf C. Weindler, Dated May 6, 2009 .....  JA-925 

 Exhibit L: Excerpts of the Transcript of the Deposition 
Testimony of Christopher Boyle, Dated June 1, 2009 .......  JA-931 

 Exhibit M: Excerpts of the Transcript of the Deposition 
Testimony of Peter E. Hayden, Dated May 20, 2009 ........  JA-935 

 Exhibit N: Excerpts of the Transcript of the Deposition 
Testimony of Terrence Roche, Dated May 19, 2009 .........  JA-940 

 Exhibit O: Excerpts of the Transcript of the Deposition 
Testimony of John S. Spiech, Dated May 27, 2009 ...........  JA-944 

 Exhibit P: Excerpts of the Transcript of the Deposition 
Testimony of Daniel A. Nigro, Dated June 11, 2009 ........  JA-948 

 Exhibit Q: Plaintiffs’ Post-Hearing Memorandum of Law, 
Dated April 24, 2009 ..........................................................  JA-951 

 Exhibit R: Letter from Robert Selya, Esq. to William Kufeld, 
Esq., Dated February 16, 1982, Regarding Consent 
Agreement ..........................................................................  JA-988 

 Exhibit S: Letter from Robert Selya, Esq. to William Kufeld, 
Esq., Dated March 8, 1982, Regarding Consent 
Agreement ..........................................................................  JA-989 

Case 11-4403, Document 77-1, 02/14/2012, 525376, Page9 of 82



vii 

 Exhibit T: Memorandum in Support of Con Edison’s Right to 
Pursue Its Claims Against Port Authority for Breach of 
Lease and Negligence in Connection with the Defective 
Design and Construction of World Trade Center 7 Atop 
Con Edison’s Substation, and to Award Prejudgment 
Interest on Count III at 9% Per Year, Dated June 15, 
2009, in Aegis Insurance Services, Inc., et al. v. Port 
Authority of New York and New Jersey, et al., 02 Civ. 
7188 ....................................................................................  JA-992 

 Exhibit U: Excerpts of the Transcript of the Deposition 
Testimony of Michael Patti, Dated June 19, 2009 .............  JA-1028 

 Exhibit V: Excerpts of the Transcript of the Deposition 
Testimony of Allan Paull, Dated April 6, 2009 .................  JA-1031 

 Exhibit W: Declaration of Colin G. Bailey, with Exhibits, 
Dated June 12, 2009, in Aegis Insurance Services, Inc., et 
al. v. Port Authority of New York and New Jersey, et al., 
02 Civ. 7188 .......................................................................  JA-1034 

 Exhibit X: Typical Floor Framing Plan for 7 World Trade 
Company, L.P. ....................................................................  JA-1050 

 Exhibit Y: Excerpts of the Transcript of the Deposition 
Testimony of Silvian Marcus, Dated August 12, 2009 ......  JA-1051 

 Exhibit Z: Satisfaction of Judgment, Filed September 10, 2009, 
in Aegis Insurance Services, Inc., et al. v. Port Authority 
of New York and New Jersey, et al., 02 Civ. 7188 .............  JA-1053 

 Exhibit AA: Letter from Richard King to John Yurtchuk, Dated 
April 17, 1981, Regarding Consent Agreement .................  JA-1055 

 Exhibit BB: Draft of Consent Agreement, Dated April 13, 1981  JA-1058 

 Exhibit CC: Draft of Consent Agreement, Dated July 10, 1981 ..  JA-1062 

 Exhibit DD: Draft of Consent Agreement, Dated January 15, 
1982 ....................................................................................  JA-1068 

 Exhibit EE: Minutes of Meeting Dated January 18, 1982 ...........  JA-1074 

Case 11-4403, Document 77-1, 02/14/2012, 525376, Page10 of 82



viii 

 Exhibit FF: Affidavit of Richard King in Support of Plaintiffs’ 
Motion, Based Upon Newly Discovered Evidence, 
Vacating the Court’s January 12, 2006 Order Granting a 
Fed. R. Civ. P. 12(b)(6) Motion Dismissing Plaintiffs’ 
Complaint Against Defendants Emery Roth & Son, P.C., 
Irwin G. Cantor, P.C., and Cantor Seinuk Group, P.C., 
Dated July 20, 2006 ............................................................  JA-1076 

Notice of Motion for Summary Judgment in Favor of Citigroup Inc. 
and Citigroup Global Markets Holdings, Inc., Filed November 
25, 2009 ........................................................................................  JA-1079 

Defendants Citigroup Inc. and Citigroup Global Markets Holding, 
Inc.’s Statement of Undisputed Facts, Filed November 25, 2009  JA-1081 

Declaration of Kristen M. Santillo, Esq. in Support of Citigroup Inc. 
and Citigroup Global Markets Holdings Inc.’s Motion for 
Summary Judgment, Filed November 25, 2009, with the 
Following Attached Exhibits ........................................................  JA-1106 

 Exhibit 1: Agreement of Lease Between The Port Authority and 
Con Edison, Dated May 29, 1968 ......................................  JA-1111 

 Exhibit 2: Excerpt of Agreement of Lease Between The Port 
Authority and 7 World Trade Company, L.P., Dated 
December 31, 1980.............................................................  JA-1153 

 Exhibit 3: Excerpt of Contract Between Salomon Inc. and 
Skidmore Owings & Merrill, Dated September 7, 1988 ....  JA-1162 

 Exhibit 4:  Excerpt of Agreement of Lease Between Salomon 
Inc., and Silverstein, Dated November 23, 1988 ...............  JA-1169 

 Exhibit 5: Excerpt of Three Party Agreement Among Salomon 
Inc., Silverstein, and Port Authority, Dated November 
23, 1988 ..............................................................................  JA-1211 

 Exhibit 6: Excerpt of Contract between Salomon Inc. and 
Morse/Diesel, Dated January 23, 1989 ..............................  JA-1295 

  Exhibit 7: Tenant Alteration Application, Dated May 30, 1989 ..  JA-1307 

Case 11-4403, Document 77-1, 02/14/2012, 525376, Page11 of 82



ix 

 Exhibit 8: Excerpt of Contract Between Salomon Inc. and Flack 
& Kurtz, Dated June 1, 1989 ..............................................  JA-1332 

 Exhibit 9: Permit to Occupy Issued by Port Authority, Dated 
October 5, 1994 ..................................................................  JA-1340 

 Exhibit 10: Complaint, Filed September 18, 2002 .......................  JA-1342 

 Exhibit 11: Complaint, Filed September 10, 2004 (Omitted 
Here but Reproduced at p. JA-179) ....................................  JA-1350 

 Exhibit 12: Excerpts of the Transcript of the Deposition 
Testimony of Cornelius Lynch, Dated September 27, 
2007 ....................................................................................  JA-1351 

 Exhibit 13: Excerpts of the Transcript of the Deposition 
Testimony of Robert White, Dated November 7 and 8, 
2007 ....................................................................................  JA-1354 

 Exhibit 14: Excerpts of the Transcript of the Deposition 
Testimony of Eugene Fasullo, Dated December 18, 2007 
and April 11, 2008 ..............................................................  JA-1357 

 Exhibit 15: Excerpts of the Transcript of the Deposition 
Testimony of Guy Tozzoli, Dated January 10, 2008 .........  JA-1361 

 Exhibit 16: Excerpts of the Transcript of the Deposition 
Testimony of Carl Borsari, Dated February 22, 2008 ........  JA-1366 

 Exhibit 17: Excerpts of the Transcript of the Deposition 
Testimony of Gerry Gaeta, Dated February 28, 2008 ........  JA-1372 

 Exhibit 18: Excerpts of the Transcript of the Deposition 
Testimony of Varoujan Dovletian, Dated June 11 and 12, 
2008 ....................................................................................  JA-1385 

 Exhibit 19: Second Amended Complaint in Aegis Ins. Servs.. 
Inc. v. The Port Authority of N.Y. &N.J., 02 Civ. 7188, 
Dated July 10, 2008 ............................................................  JA-1403 

 Exhibit 20: Excerpts of the Transcript of the Deposition 
Testimony of Manuel Fernandez, Dated July 18, 2008 .....  JA-1418 

Case 11-4403, Document 77-1, 02/14/2012, 525376, Page12 of 82



x 

 Exhibit 21: Excerpts of the Transcript of the Deposition 
Testimony of Joseph Ritorto, Dated August 7, 2008 .........  JA-1429 

 Exhibit 22: Excerpts of the Transcript of the Deposition 
Testimony of John Glass, Dated November 11, 2008 .......  JA-1435 

 Exhibit 23: Excerpts of the Transcript of the Deposition 
Testimony of Chi Chu, Dated November 20, 2008 ...........  JA-1441 

 Exhibit 24: Excerpts of the Transcript of the Deposition 
Testimony of Irwin G. Cantor, Dated January 27 and 28, 
2009 ....................................................................................  JA-1452 

 Exhibit 25: Excerpts of the Transcript of the Deposition 
Testimony of David Cooper, Dated February 5, 2009 .......  JA-1462 

 Exhibit 26: Excerpts of the Transcript of the Deposition 
Testimony of Jesse Bhatia, Dated March 12, 2009 ............  JA-1482 

 Exhibit 27: Excerpts of the Transcript of the Deposition 
Testimony of Rudolf C. Weindler, Dated May 6, 2009 .....  JA-1486 

 Exhibit 28: Excerpts of the Transcript of the Deposition 
Testimony of Frank Cruthers, Dated May 12, 2009 ..........  JA-1491 

 Exhibit 29: Excerpts of the Transcript of the Deposition 
Testimony of Richard Rotanz, Dated May 14, 2009 .........  JA-1495 

 Exhibit 30: Excerpts of the Transcript of the Deposition 
Testimony of Tiernach Cassidy, Dated May 15, 2009 ......  JA-1500 

 Exhibit 31: Excerpts of the Transcript of the Deposition 
Testimony of Terrence Roche, Dated May 19, 2009 .........  JA-1503 

 Exhibit 32: Excerpts of the Transcript of the Deposition 
Testimony of Peter Hayden, Dated May 20, 2009 .............  JA-1507 

 Exhibit 33: Excerpts of the Transcript of the Deposition 
Testimony of Allen S. Hay, Dated May 21, 2009 ..............  JA-1510 

 Exhibit 34: Excerpts of the Transcript of the Deposition 
Testimony of John Spiech, Dated May 27, 2009 ...............  JA-1513 

Case 11-4403, Document 77-1, 02/14/2012, 525376, Page13 of 82



xi 

 Exhibit 35: Excerpts of the Transcript of the Deposition 
Testimony of Christopher Boyle, Dated June 1, 2009  ......  JA-1518 

 Exhibit 36: Excerpts of the Transcript of the Deposition 
Testimony of Anthony Varriale, Dated June 9, 2009 ........  JA-1522 

 Exhibit 37: Excerpts of the Transcript of the Deposition 
Testimony of Daniel Nigro, Dated June 11, 2009 .............  JA-1525 

 Exhibit 38: Excerpts of the Transcript of the Deposition 
Testimony of Philip Ruvolo, Dated June 12, 2009 ............  JA-1532 

 Exhibit 39: Declaration of Frederick W. Mowrer, Dated June 
12, 2009 ..............................................................................  JA-1535 

 Exhibit 40: Declaration of Guy Nordenson, Dated June 15, 
2009 ....................................................................................  JA-1540 

 Exhibit 41: Memorandum in Support of Con Edison’s Right to 
Pursue Its Claims Against Port Authority for Breach of 
Lease and Negligence in Connection with the Defective 
Design and Construction of World Trade Center 7 Atop 
Con Edison’s Substation, and to Award Prejudgment 
Interest on Count III at 9% Per Year, Dated June 15, 
2009, in Aegis Insurance Services, Inc., et al. v. Port 
Authority of New York and New Jersey, et al., 02 Civ. 
7188 (Omitted Here but Reproduced at p. JA-992) ...........  JA-1543 

 Exhibit 42: Excerpts of the Transcript of the Deposition 
Testimony of Anthony Zeolla, Dated June 18, 2009 .........  JA-1544 

 Exhibit 43: Excerpts of the Transcript of the Deposition 
Testimony of Joseph Kelly, Dated June 19, 2009 ..............  JA-1548 

 Exhibit 44: Excerpts of the Transcript of the Deposition 
Testimony of Paul Ferro, Dated June 23, 2009 ..................  JA-1551 

 Exhibit 45: Excerpts of the Transcript of the Deposition 
Testimony of Larry Silverstein, Dated June 24, 2009 .......  JA-1554 

 Exhibit 46: Excerpts of the Transcript of the Deposition 
Testimony of Bruce Gavioli, Dated August 5, 2009  .........  JA-1566 

Case 11-4403, Document 77-1, 02/14/2012, 525376, Page14 of 82



xii 

 Exhibit 47: Excerpts of the Transcript of the Deposition 
Testimony of Silvian Marcus, Dated August 12, 2009 ......  JA-1575 

 Exhibit 48: Letter from Con Edison to Defendants Regarding 
Damages, Dated October 1, 2009.......................................  JA-1579 

 Exhibit 49: Excerpts of the Transcript of the Deposition 
Testimony of Anthony Zizolfo, Dated October 10, 2009 ..  JA-1596 

 Exhibit 50: Excerpts of the Transcript of the Deposition 
Testimony of Robert Mudzinski, Dated October 14, 2009  JA-1602 

 Exhibit 51: Excerpts of the Transcript of the Deposition 
Testimony of Jeffrey Smilow, Dated October 22, 2009 ....  JA-1605 

 Exhibit 52: Excerpts of the Transcript of the Deposition 
Testimony of Richard Peck, Dated November 9, 2009 .....  JA-1614 

 Exhibit 53: Guidelines for Professional Engineering Practice in 
New York State, November 19, 2009 (last viewed) ..........  JA-1617 

Plaintiffs’ Notice of Cross-Motion to Stay Determination of 
Silverstein Defendants’ Summary Judgment Motion as to Count 
XVII Pending Resolution of Appeal in 02-CV-7188, Dated 
February 1, 2010 ...........................................................................  JA-1621 

Declaration of Jemi M. Goulian, Esq. in Support of Plaintiffs’ 
Opposition to Defendants’ Motions for Summary Judgment and 
in Support of Plaintiffs’ Motion to Stay, Filed February 1, 2010, 
with the Following Attached Exhibits ..........................................  JA-1623 

 Exhibit 1: Excerpts of the Transcript of the Deposition 
Testimony of Guy F. Tozzoli, Dated January 10, 2008 .....  JA-1634 

 Exhibit 2: Agreement of Lease Between The Port Authority and 
Con Edison, Dated May 29, 1968 (Omitted Here but 
Reproduced at p. JA-793) ...................................................  JA-1639 

 Exhibit 3: Excerpts of the Transcript of the Deposition 
Testimony of Richard L. Groccia, Dated November 29, 
2007 ....................................................................................  JA-1640 

Case 11-4403, Document 77-1, 02/14/2012, 525376, Page15 of 82



xiii 

 Exhibit 4: Excerpts of the Transcript of the Deposition 
Testimony of Cornelius Lynch, Dated September 26, 
2007 ....................................................................................  JA-1644 

 Exhibit 5:  Deposition Exhibit Lynch-1, which was Marked as 
an Exhibit at Cornelius Lynch’s Deposition, Dated 
September 26, 2007 ............................................................  JA-1649 

 Exhibit 6: Deposition Exhibit Lynch-2, which was Marked as 
an Exhibit at Cornelius Lynch’s Deposition, Dated 
September 26, 2007 ............................................................  JA-1652 

 Exhibit 7: Excerpts of Deposition Exhibit Bach-1 which was 
Marked as an Exhibit at Arthur Bach’s Deposition, Dated 
January 15, 2008 .................................................................  JA-1655 

 Exhibit 8: Excerpts of the Transcript of the Deposition 
Testimony of Varoujan Dovletian, Dated June 11, 2008 ...  JA-1680 

 Exhibit 9: Excerpts of the Transcript of the Deposition 
Testimony of Larry A. Silverstein, Dated June 24, 2009 ..  JA-1686 

 Exhibit 10: Deposition Exhibit King-8, which was Marked as 
an Exhibit at Richard King’s Deposition, Dated July 17, 
2007 ....................................................................................  JA-1698 

 Exhibit 11: Deposition Exhibit Ritorto-1, which was Marked as 
an Exhibit at Joseph Ritorto’s Deposition, Dated August 
7, 2008 ................................................................................  JA-1714 

 Exhibit 12: Deposition Exhibit Jupiter-1, which was Marked as 
an Exhibit at Harold Jupiter’s Deposition, Dated April 
25, 2008  .............................................................................  JA-1719 

 Exhibit 13: Deposition Exhibit Silverstein-4, which was 
Marked as an Exhibit at Larry A. Silverstein’s 
Deposition, Dated June 24, 2009 .......................................  JA-1723 

 Exhibit 14: Deposition Exhibit Silverstein-6, which was 
Marked as an Exhibit at Larry A. Silverstein’s 
Deposition, Dated June 24, 2009 .......................................  JA-1725 

Case 11-4403, Document 77-1, 02/14/2012, 525376, Page16 of 82



xiv 

 Exhibit 15: Document Entitled “Building Description: 7 World 
Trade Center,” Bearing Bates Numbers 7WTC-0007320 .  JA-1739 

 Exhibit 16:  Document Entitled “Significant Terrorist Incidents, 
1961-2003: A Brief Chronology, U.S. Department of 
State, March 2004”.............................................................  JA-1748 

 Exhibit 17: Deposition Exhibit Silverstein-1, which was 
Marked as an Exhibit at Larry A. Silverstein’s 
Deposition, Dated June 24, 2009 (Confidential) (Omitted 
here but printed at p. CJA-1) ..............................................  JA-1764 

 Exhibit 18: News Article Published by The New York Times on 
January 14, 1980, Entitled “Bomb Damages Offices of 
Soviet Airlines on Fifth Ave.” ............................................  JA-1765 

 Exhibit 19: News Article Published by The New York Times on 
October 13, 1980, Entitled “Blast Injures Four Near a 
U.N. Mission” .....................................................................  JA-1767 

 Exhibit 20: News Article Published by The New York Times on 
January 24, 1981, Entitled “Bomb Shatters Windows in 
Courthouse Downtown” .....................................................  JA-1769 

 Exhibit 21: News Article Published by The New York Times on 
March 1 and 2, 1982, Entitled “At Least 4 Bombs Rock 
Wall Street; Exchanges are Hit”, and “Wall Street 
Bombing Laid to Resurgence of F.A.L.N.” .......................  JA-1770 

 Exhibit 22: News Article Published by The New York Times on 
September 20, 1982, Entitled “Bank on Park Avenue is 
Bombed” .............................................................................  JA-1774 

 Exhibit 23: News Article Published by The New York Times on 
January 2 and 4, 1983, Entitled “F.A.L.N. Puerto Rico 
Terrorists Suspected in New Year Bombings”’, and 
“Koch Triples Reward Offered in New Year Bombings 
Case” ...................................................................................  JA-1775 

 Exhibit 24:  News Article Published by The New York Times on 
January 30, 1983, Entitled “Federal Office Building on 
Staten Island Damaged by a Bomb” ..................................  JA-1779 

Case 11-4403, Document 77-1, 02/14/2012, 525376, Page17 of 82



xv 

 Exhibit 25: News Article Published by The New York Times on 
February 24, 1985, Entitled “2 Women Seen at Site of 
Blast” ..................................................................................  JA-1780 

 Exhibit 26: News Article Published by The New York Times on 
July 11, 1986, Entitled “A Realty Gambler’s Big Coup” ..  JA-1781 

 Exhibit 27: News Article Published by The New York Times on 
November 21, 1986, Entitled “Drexel ‘Junk Bond’ 
Wizard”...............................................................................  JA-1784 

 Exhibit 28: Excerpts of Deposition Exhibit Schnabel-7, which 
was Marked as an Exhibit at Donald Schnabel’s 
Deposition, Dated February 12, 2008 ................................  JA-1787 

 Exhibit 29: Excerpts of Deposition Exhibit Geata-2, which was 
Marked as an Exhibit at Gerard Gaeta’s Deposition, 
Dated February 28, 2008 ....................................................  JA-1839 

 Exhibit 30: Deposition Exhibit Schnabel-5, which was Marked 
as an Exhibit at Donald Schnabel’s Deposition, Dated 
February 12, 2008 ...............................................................  JA-1849 

 Exhibit 31: Deposition Exhibit Borsari-15, which was Marked 
as an Exhibit at Carl Borsari’s Deposition, Dated 
February 22, 2008 ...............................................................  JA-1852 

 Exhibit 32: Deposition Exhibit Glass-8, which was Marked as 
an Exhibit at John Glass’ Deposition, Dated November 
11, 2008 ..............................................................................  JA-1855 

 Exhibit 33: Deposition Exhibit Glass-4, which was Marked as 
an Exhibit at John Glass’ Deposition, Dated November 
11, 2008 ..............................................................................  JA-1858 

 Exhibit 34: Deposition Exhibit Glass-1, which was Marked as 
an Exhibit at John Glass’ Deposition, Dated November 
11, 2008 ..............................................................................  JA-1860 

 Exhibit 35: Excerpts of the Transcript of the Deposition 
Testimony of Chi Chu, Dated November 20, 2008 ...........  JA-1861 

Case 11-4403, Document 77-1, 02/14/2012, 525376, Page18 of 82



xvi 

 Exhibit 36: Deposition Exhibit Borsari-10, which was Marked 
as an Exhibit at Carl Borsari’s Deposition, Dated 
February 22, 2008 ...............................................................  JA-1864 

 Exhibit 37: Deposition Exhibit Chu-2, which was Marked as an 
Exhibit at Chi Chu’s Deposition, Dated November 20, 
2008 ....................................................................................  JA-1865 

 Exhibit 38: News Article Published by The New York Times 
on November 13, 1997, Entitled “The Trade Center 
Verdict: The Overview; ‘Mastermind’ and Driver Found 
Guilty in 1993 Plot to Blow Up Trade Center” .................  JA-1879 

 Exhibit 39: Deposition Exhibit Ritorto-9, which was Marked as 
an Exhibit at Joseph Ritorto’s Deposition, Dated August 
7, 2008 ................................................................................  JA-1883 

 Exhibit 40: Deposition Exhibit Weems-4, which was Marked as 
an Exhibit at Walter Weems’ Deposition, Dated 
December 13, 2007.............................................................  JA-1886 

 Exhibit 41: Excerpts of the Transcript of the Deposition 
Testimony of Stephen G. Nathan, Dated July 30, 2007 .....  JA-1887 

 Exhibit 42: Copy of CD Containing Various Videos of the 
Collapse of 7 World Trade Center Taken from Several 
Angles .................................................................................  JA-1891 

 Exhibit 43: Excerpts of the Transcript of the Deposition 
Testimony of Frank P. Cruthers, Dated May 12, 2009 ......  JA-1892 

 Exhibit 44: Excerpts of the Transcript of the Deposition 
Testimony of Tiernach Cassidy, Dated May 15, 2009 ......  JA-1896 

 Exhibit 45: Excerpts of the Transcript of the Deposition 
Testimony of Richard A. Rotanz, Dated May 14, 2009 ....  JA-1900 

 Exhibit 46: Excerpts of the Transcript of the Deposition 
Testimony of Daniel A. Nigro, Dated June 11, 2009 ........  JA-1908 

 Exhibit 47: Excerpts of the Transcript of the Deposition 
Testimony of Michael Patti, Dated June 19, 2009 .............  JA-1914 

Case 11-4403, Document 77-1, 02/14/2012, 525376, Page19 of 82



xvii 

 Exhibit 48: Excerpts of the Transcript of the Deposition 
Testimony of Michael Catalano, Dated January 30, 2008 .  JA-1917 

 Exhibit 49: Excerpts of the New York City Building Code 
Revision, Dated October 4, 2004, as Well as the List of 
Amendments .......................................................................  JA-1921 

 Exhibit 50: Excerpts of the Transcript of the Deposition 
Testimony of David Cooper, Dated February 5, 2009 .......  JA-1954 

 Exhibit 51: Deposition Exhibit White-7, which was Marked as 
an Exhibit at Robert C. White’s Deposition, Dated 
November 8, 2007 ..............................................................  JA-1964 

 Exhibit 52: Excerpts of the Transcript of the Deposition 
Testimony of Manuel Fernandez, Dated July 18, 2008 .....  JA-1968 

 Exhibit 53: Deposition Exhibit White-5, which was Marked as 
an Exhibit at Robert C. White’s Deposition, Dated 
November 8, 2007 ..............................................................  JA-1971 

 Exhibit 54: Excerpts of the Transcript of the Deposition 
Testimony of Colvin Cox, Dated July 31, 2007 ................  JA-1975 

 Exhibit 55: Excerpts of the Transcript of the Deposition 
Testimony of Terrence Roche, Dated May 19, 2009 .........  JA-1978 

 Exhibit 56: Excerpts of the Transcript of the Deposition 
Testimony of Daniel Delargy, Dated June 17, 2009 ..........  JA-1981 

 Exhibit 57: Excerpts of the Transcript of the Deposition 
Testimony of Mark A. Giannini, Dated June 29, 2009 ......  JA-1985 

 Exhibit 58: Excerpts of the Transcript of the Deposition 
Testimony of Peter E. Hayden, Dated May 20, 2009 ........  JA-1988 

 Exhibit 59: Excerpts of the Transcript of the Deposition 
Testimony of Joseph Meola, Dated June 24, 2009 ............  JA-1991 

 Exhibit 60: Excerpts of the Transcript of the Deposition 
Testimony of Anthony Varriale, Dated June 9, 2009 ........  JA-1995 

Case 11-4403, Document 77-1, 02/14/2012, 525376, Page20 of 82



xviii 

 Exhibit 61: Excerpts of the Transcript of the Deposition 
Testimony of Peter Joseph Mulroy, Dated August 27, 
2007 ....................................................................................  JA-1999 

 Exhibit 62: Deposition Exhibit Delargy-3, which was Marked 
as an Exhibit at Daniel Delargy’s Deposition, Dated June 
17, 2000 ..............................................................................  JA-2002 

 Exhibit 63: Deposition Exhibit Cruthers-5, which was Marked 
as an Exhibit at Frank P. Cruthers’ Deposition, Dated 
May 12, 2009 ......................................................................  JA-2003 

 Exhibit 64: Excerpts of the Transcript of the Deposition 
Testimony of Irwin G. Cantor, Dated January 27, 2009 ....  JA-2004 

 Exhibit 65: Deposition Exhibit Borsari-2, which was Marked as 
an Exhibit at Carl Borsari’s Deposition, Dated February 
22, 2008 ..............................................................................  JA-2011 

 Exhibit 66: Deposition Exhibit Gilsanz-7, which was Marked as 
an Exhibit at Ramon Gilsanz’s Deposition, Dated May 
28, 2009 ..............................................................................  JA-2013 

 Exhibit 67: Deposition Exhibit Gilsanz-6, which was Marked as 
an Exhibit at Ramon Gilsanz’s Deposition, Dated May 
28, 2009 ..............................................................................  JA-2020 

 Exhibit 68: Second Amended Complaint, Filed July 11, 2008 
(Omitted Here but Reproduced at p. JA-704) ....................  JA-2026 

 Exhibit 69: Answer of 7 World Trade Company, L.P., 
Silverstein Properties, Inc., and Silverstein Development 
Corp. to the Second Amended Complaint, with Cross-
Claims and Third-Party Claims, filed August 6, 2008 
(Omitted Here but Reproduced at p. JA-764) ....................  JA-2027 

 Exhibit 70: Answer and Affirmative Defenses to Second 
Amended Complaint, Filed October 2, 2008, on Behalf of 
Citigroup Inc. and Citigroup Global Markets Holdings, 
Inc. (Omitted Here but Reproduced at p. JA-772) .............  JA-2028 

Case 11-4403, Document 77-1, 02/14/2012, 525376, Page21 of 82



xix 

 Exhibit 71: Affidavit of Barbara A. Carey, Dated October 27, 
2008 ....................................................................................  JA-2029 

 Exhibit 72: Excerpts of Transcript of Proceedings, Dated 
February 23, 2009 in 04-CV-7272 .....................................  JA-2031 

 Exhibit 73: Letter from John Yurtchuk to Richard King, Dated 
March 6, 1981, Bearing Bates Number 
CANTOR2003105..............................................................  JA-2035 

 Exhibit 74: Deposition Exhibit Rubino-7, which was Marked as 
an Exhibit at Anthony Rubino’s Deposition, Dated 
March 27, 2008 ...................................................................  JA-2036 

 Exhibit 75: Excerpts of the Transcript of the Deposition 
Testimony of Michael E. Smith, Dated January 15, 2009 .  JA-2039  

 Exhibit 76: Deposition Exhibit Cooper-17, which was Marked 
as an Exhibit at David Cooper’s Deposition, Dated 
February 5, 2009 .................................................................  JA-2042 

 Exhibit 77: Excerpts of the Transcript of the Deposition 
Testimony of Richard P. Fogarty, Dated October 26, 
2009 ....................................................................................  JA-2050 

 Exhibit 78: U.S. Court of Appeals for the Second Circuit, 
General Docket Referencing the Current Appellate 
Scheduling Order ................................................................  JA-2054 

 Exhibit 79: Deposition Exhibit King-22, which was Marked as 
an Exhibit at Richard King’s Deposition, Dated July 17, 
2007 ....................................................................................  JA-2063 

 Exhibit 80: Notice of Appeal, Filed August 21, 2009 in 02-CV-
7188 ....................................................................................  JA-2064 

 Exhibit 81: Letter from William M. Kufeld to Robert P. Selya, 
Dated February 9, 1982, Bearing Bates Number 
SPI025872 ..........................................................................  JA-2065 

 Exhibit 82: Transcript of Proceedings, Dated July 7, 2008..........  JA-2066 

Case 11-4403, Document 77-1, 02/14/2012, 525376, Page22 of 82



xx 

Second Declaration of Colin G. Bailey, Filed February 1, 2010, with 
the Following Attached Exhibits: .................................................  JA-2084 

 Exhibit A: Colin Gareth Bailey’s Curriculum Vitae ....................  JA-2088 

 Exhibit B: Photographs Showing Fire Protection on a Different 
Building  .............................................................................  JA-2099 

 Exhibit C: Photograph of SFRM Being Applied  .........................  JA-2108  

 Exhibit D: Photograph of Flutes Filled with SFRM  ....................  JA-2109 

Second Declaration of Joseph P. Colaco, Filed February 1, 2010, with 
the Following Attached Exhibit ....................................................  JA-2110 

 Exhibit A: Joseph P. Colaco’s Curriculum Vitae .........................  JA-2114 

Second Declaration of Kenneth Elovitz, Filed February 1, 2010, with 
the Following Attached Exhibit ....................................................  JA-2123 

 Exhibit A: Kenneth M. Elovitz’s Curriculum Vitae .....................  JA-2129 

Second Declaration of Frederick W. Mowrer, Filed February 1, 2010, 
with the Following Attached Exhibits ..........................................  JA-2134 

 Exhibit A: Frederick W. Mowrer’s Curriculum Vitae .................  JA-2140 

 Exhibit B: Photograph of the East Side of 7 World Trade Center  JA-2150 

 Exhibit C: Morse Diesel Photographs Depicting Unfilled Flute 
Cavities  ..............................................................................  JA-2151  

Second Declaration of Guy Nordenson, Filed February 1, 2010, with 
the Following Attached Exhibit ....................................................  JA-2155 

 Exhibit A: Guy J.P. Nordenson’s Curriculum Vitae ....................  JA-2158 

Second Declaration of Joseph M. Sorge, Filed February 1, 2010, with 
the Following Attached Exhibit ....................................................  JA-2168 

 Exhibit A: Joseph M. Sorge’s Curriculum Vitae .........................  JA-2170 

Declaration of Jose L. Torero, Filed February 1, 2010, with the 
Following Attached Exhibit ..........................................................  JA-2175 

Case 11-4403, Document 77-1, 02/14/2012, 525376, Page23 of 82



xxi 

 Exhibit A: Jose L. Torero’s Curriculum Vitae .............................  JA-2178  

Plaintiffs’ Response to Defendants 7 World Trade Company, L.P., 
Silverstein Development Corp. and Silverstein Properties, Inc. 
Local Civil Rule 56.1 Statement in Support of Defendants’ 
Motion for Summary Judgment Dismissing Plaintiffs’ Claims, 
Filed February 1, 2010 ..................................................................  JA-2206 

Plaintiffs’ Response to Defendants Citigroup Inc. and Citigroup 
Global Markets Holing Inc.’s  Local Civil Rule 56.1 Statement 
of Undisputed Facts, Filed February 1, 2010 ...............................  JA-2220 

Declaration of Sheela V. Pai, Esq. in Support of the Motion for 
Summary Judgment, Filed March 19, 2010, with the Following 
Attached Exhibits ..........................................................................  JA-2249 

 Exhibit A: Underground Storage Tank Closure Report, Dated 
September 9, 2002 ..............................................................  JA-2252 

 Exhibit B: Closure Report for Transformer Oil Release at 7 
World Trade Center, Dated January 2004 ..........................  JA-2258 

 Exhibit C: Excerpts of the Transcript of the Deposition 
Testimony of Anthony Varriale, Dated June 9, 2009 ........  JA-2264 

 Exhibit D: Excerpts of the Transcript of the Deposition 
Testimony of Phillip C. Ruvolo, Dated June 12, 2009 ......  JA-2267 

 Exhibit E: Excerpts of the Transcript of the Deposition 
Testimony of Peter Joseph Mulroy, Dated August 27, 
2007 ....................................................................................  JA-2269 

 Exhibit F: Excerpts of the Transcript of the Deposition 
Testimony of Colvin Cox, Dated July 31, 2007 ................  JA-2271 

 Exhibit G: Excerpts of the Transcript of the Deposition 
Testimony of John S. Spiech, Dated May 27, 2009 ...........  JA-2273 

 Exhibit H: Excerpts of the Transcript of the Deposition 
Testimony of Allen S. Hay, Dated May 21, 2009 ..............  JA-2276 

 Exhibit I: Excerpts of the Transcript of the Deposition 
Testimony of Rudolf C. Weindler, Dated May 6, 2009 .....  JA-2278 

Case 11-4403, Document 77-1, 02/14/2012, 525376, Page24 of 82



xxii 

 Exhibit J: Excerpts of the Transcript of the Deposition 
Testimony of Anthony Zeolla, Dated June 18, 2009 .........  JA-2282 

 Exhibit K: Excerpts of the Transcript of the Deposition 
Testimony of Christopher Boyle, Dated June 1, 2009 .......  JA-2284 

 Exhibit L: Excerpts of the Transcript of the Deposition 
Testimony of Barry “Butch” Brandes, Dated July 14, 
2009 ....................................................................................  JA-2286 

 Exhibit M: Excerpts of Report Entitled: “Response to WTC7 to 
Standard Office Fires and Collapse Initiation,” Authored 
by Professor Colin Bailey, Dated February 15, 2010 ........  JA-2288 

 Exhibit N: Excerpts of Report and Summary of Findings: 
“Global Collapse Analysis – World Trade Center 7 
Collapse Investigation,” Authored by Guy Nordenson, 
Dated February 12, 2010 ....................................................  JA-2290 

 Exhibit O: Excerpts of the Transcript of the Deposition 
Testimony of Michael Patti, Dated June 19, 2009 .............  JA-2292  

 Exhibit P: Excerpts of the Transcript of the Deposition 
Testimony of Chi Chu, Dated November 20, 2008 ...........  JA-2296 

 Exhibit Q: Excerpts of the Transcript of the Deposition 
Testimony of Richard A. Rotanz, Dated May 14, 2009 ....  JA-2298 

 Exhibit R: The New York Times Article: “Briefcase Found at 
Bombing Site,” Dated January 27, 1975  ...........................  JA-2302 

 Exhibit S: Excerpts of the Transcript of the Deposition 
Testimony of Joseph Ritorto, Dated August 7, 2008 .........  JA-2303 

 Exhibit T: Excerpts of Report “Empire State Development 
Corporation Attestation Engagement for Utility 
Restoration and Infrastructure Rebuilding Program – 
Consolidated Edison Company of New York, Inc. 
Category Two Filing,” Dated February 22, 2007 ..............  JA-2306 

Declaration of Craig L. Beyler, Filed March 19, 2010, with the 
Following Attached Exhibits ........................................................  JA-2312 

Case 11-4403, Document 77-1, 02/14/2012, 525376, Page25 of 82



xxiii 

 Exhibit A: Craig L. Beyler’s Curriculum Vitae ...........................  JA-2323 

 Exhibit B: Selected Publication List of Craig L. Beyler, Ph.D. ...  JA-2326 

 Exhibit C: Photographs of Debris Strikes Causing Multiple 
Ignitions in Locations Throughout the Day .......................  JA-2330 

 Exhibit D: Photographs of Filled Flutes .......................................  JA-2338  

 Exhibit E: Photographs of Filled Flutes .......................................  JA-2340 

Citigroup Inc. and Citigroup Global Markets Holdings Inc.’s Reply 
Statement of Undisputed Material Facts, Filed March 19, 2010 .  JA-2344 

Declaration of Chester T. Vogel, Filed March 19, 2010, with the 
Following Attached Exhibits ........................................................  JA-2404 

 Exhibit A: Chester T. Vogel’s Curriculum Vitae .........................  JA-2412 

 Exhibit B: Excerpts of Fuel Oil Piping and Storage Manual .......  JA-2413 

 Exhibit C: Excerpts of New York City Building Code Title 27-
Subchapter 3 Occupancy and Construction Classification  JA-2423 

 Exhibit D: Excerpts of Electric Power Generation Transmission 
Distribution Manual ...........................................................  JA-2433 

Declaration of Megan M. St. Ledger, Esq. in Further Support of 
Citigroup Inc. and Citigroup Global Markets Holdings Inc.’s 
Memorandum of Law in Support of the Motion for Summary 
Judgment, Filed March 19, 2010, with the Following Attached 
Exhibits .........................................................................................  JA-2435 

 Exhibit 1:  Excerpts of Agreement of Lease Between Salomon 
Inc. and Silverstein, Dated November 23, 1988 ................  JA-2438 

 Exhibit 2: Three Party Agreement Among Salomon Inc., 
Silverstein, and Port Authority, Dated November 23, 
1988 ....................................................................................  JA-2458 

 Exhibit 3: GZA GeoEnvironmental Inc., Underground Storage 
Tank Closure Report, Dated September 9, 2002 ...............  JA-2466 

Case 11-4403, Document 77-1, 02/14/2012, 525376, Page26 of 82



xxiv 

 Exhibit 4: Excerpts of the Transcript of the Deposition 
Testimony of Eugene Fasullo, Dated April 11, 
2008(Further Supplementing Santillo Declaration Exhibit 
14, Dated December 18, 2007) ...........................................  JA-2490 

 Exhibit 5: Excerpts of the Transcript of the Deposition 
Testimony of Varoujan Dovletian, Dated June 12, 2008 
(Further Supplementing Santillo Declaration Exhibit 18) .  JA-2493 

 Exhibit 6: Excerpts of the Transcript of the Deposition 
Testimony of David Cooper, Dated February 5, 2009 
(Further Supplementing Santillo Declaration Exhibit 25) .  JA-2497 

 Exhibit 7: Transcript of Oral Argument and Status Conference 
in Aegis Ins. Servs., Inc. v. Port Auth. of N.Y. & N.J., 04-
CV-7272, Dated February 23, 2009 ...................................  JA-2500 

 Exhibit 8: Excerpts of the Transcript of the Deposition 
Testimony of Rudolph C. Weindler, Dated May 6, 2009 
(Further Supplementing Santillo Declaration Exhibit 27) .  JA-2503 

 Exhibit 9: Excerpts of the Transcript of the Deposition 
Testimony of Richard Rotanz, Dated May 14, 2009 
(Further Supplementing Santillo Declaration Exhibit 29) .  JA-2505 

 Exhibit 10: Excerpts of the Transcript of the Deposition 
Testimony of Tiernach Cassidy, Dated May 15, 2009 
(Further Supplementing Santillo Declaration Exhibit 30) .  JA-2509 

 Exhibit 11: Excerpts of the Transcript of the Deposition 
Testimony of Terrence Roche, Dated May 19, 2009 
(Further Supplementing Santillo Declaration Exhibit 31) .  JA-2513 

 Exhibit 12: Excerpts of the Transcript of the Deposition 
Testimony of Peter Hayden, Dated May 20, 2009 
(Further Supplementing Santillo Declaration Exhibit 32) .  JA-2518 

 Exhibit 13: Excerpts of the Transcript of the Deposition 
Testimony of John Spiech, Dated May 27, 2009 (Further 
Supplementing Santillo Declaration Exhibit 34) ...............  JA-2521 

Case 11-4403, Document 77-1, 02/14/2012, 525376, Page27 of 82



xxv 

 Exhibit 14: Con Edison September 11, 2001 Restoration Costs 
– Summary of 7 World Trade Center Damage Claim 
Spreadsheet, Dated May 31, 2009 ......................................  JA-2524 

 Exhibit 15: Excerpts of the Transcript of the Deposition 
Testimony of Anthony Varriale, Dated June 9, 2009 
(Further Supplementing Santillo Declaration Exhibit 36) .  JA-2526 

 Exhibit 16: Excerpts of the Transcript of the Deposition 
Testimony of Daniel Delargy, Dated June 17, 2009 ..........  JA-2531 

 Exhibit 17: Excerpts of the Transcript of the Deposition 
Testimony of Joseph Meola, Dated June 24, 2009 ............  JA-2535 

 Exhibit 18: Excerpts of the Transcript of the Deposition 
Testimony of Mark Giannini, Dated June 29, 2009 ...........  JA-2539 

 Exhibit 19: Excerpts of the Transcript of the Deposition 
Testimony of Barry Brandes, Dated July 14, 2009 ............  JA-2543 

 Exhibit 20: Con Edison September 11, 2001 Restoration 
Spreadsheet, Dated August 31, 2009 .................................  JA-2548 

Plaintiffs’ Notice of Motion for Leave to File Supplemental and 
Amended Expert Declarations Incorporating Plaintiffs’ Expert 
Reports Pursuant to Fed. R. Civ. P. 56(e)(1) in Further 
Opposition to the Motions for Summary Judgment of 
Silverstein and Citigroup, Filed April 6, 2010, with the 
Following Attachments .................................................................  JA-2549 

 1. Supplemental and Amended Second Declaration of Colin G. 
Bailey, Dated April 5, 2010, with Exhibits ........................  JA-2552 

 2. Supplemental and Amended Second Declaration of Joseph P. 
Colaco, Dated April 1, 2010, with Exhibits .......................  JA-2584 

 3. Supplemental and Amended Second Declaration of Kenneth 
Elovitz, Dated April 1, 2010, with Exhibits .......................  JA-2600 

 4. Supplemental and Amended Second Declaration of Frederick 
W. Mowrer, Dated April 1, 2010, with Exhibits ................  JA-2613 

Case 11-4403, Document 77-1, 02/14/2012, 525376, Page28 of 82



xxvi 

 5. Supplemental and Amended Second Declaration of Guy 
Nordenson, Dated April 1, 2010, with Exhibits .................  JA-2639 

 6. Supplemental and Amended Second Declaration of Joseph 
M. Sorge, Dated April 1, 2010, with Exhibit .....................  JA-2655 

 7. Supplemental and Amended Declaration of Jose L. Torero, 
Dated April 1, 2010, with Exhibit ......................................  JA-2664 

Declaration of Franklin M. Sachs, Esq. in Support of Plaintiffs’ 
Motion for Leave to File Supplemental and Amended Expert 
Declarations Incorporating Plaintiffs’ Expert Reports Pursuant 
to Fed. R. Civ. P. 56(e)(1) in Further Opposition to the Motions 
for Summary Judgment of Silverstein and Citigroup, Filed 
April 6, 2010, with the Following Attached Exhibits ..................  JA-2698 

 Exhibit 1: Letter from Franklin M. Sachs, Esq. to Katherine L. 
Pringle, Esq. and Christopher P. Moore, Esq., Dated 
February 16, 2010 ...............................................................  JA-2702 

 Exhibit 2: Reply Brief in Support of Motion by Defendants 7 
World Trade Company, L.P., Silverstein Development 
Corp. and Silverstein Properties Inc. for Summary 
Judgment Dismissing All Claims, Dated March 19, 2010 .  JA-2704 

 Exhibit 3: Declaration of Sheela V. Pai, Esq. in Support of 
Motion for Summary Judgment, Dated March 19, 2010, 
with Exhibits .......................................................................  JA-2713 

 Exhibit 4: Declaration of Craig L. Beyler, Dated March 18, 
2010, with Exhibits.............................................................  JA-2736 

 Exhibit 5: Citigroup Inc. and Citigroup Global Markets 
Holdings, Inc.’s Reply Memorandum of Law in Support 
of the Motion for Summary Judgment, Dated March 19, 
2010 ....................................................................................  JA-2773 

 Exhibit 6: Declaration of Megan M. St. Ledger, Esq. in Further 
Support of Citigroup Inc. and Citigroup Global Markets 
Holdings Inc.’s Memorandum of Law in Support of the 
Motion for Summary Judgment, Filed March 19, 2010, 
with Exhibits .......................................................................  JA-2784 

Case 11-4403, Document 77-1, 02/14/2012, 525376, Page29 of 82



xxvii 

 Exhibit 7: Declaration of Chester T. Vogel, Dated March 19, 
2010, with Exhibits.............................................................  JA-2812 

 Exhibit 8: Citigroup Inc. and Citigroup Global Markets 
Holdings Inc.’s Reply Statement of Undisputed Material 
Facts, Filed March 19, 2010 (Omitted Here but 
Reproduced at p. JA-2344) .................................................  JA-2847 

Declaration of Katherine L. Pringle, Esq. in Support of the 
Accompanying Opposition by Defendants 7 World Trade 
Company, L.P., Silverstein Development Corp. and Silverstein 
Properties Inc. to Plaintiffs’ Motion for Leave to File 
Supplemental and Amended Expert Declarations, Filed April 
21, 2010, with the Following Attached Exhibits ..........................  JA-2848 

 Exhibit A: Letter from Katherine L. Pringle, Esq. to the 
Honorable Alvin K. Hellerstein, Dated November 12, 
2009 ....................................................................................  JA-2850 

 Exhibit B: Second Declaration of Kenneth Elovitz, Dated 
January 22, 2010 .................................................................  JA-2852 

 Exhibit C: Excerpts of Citigroup Inc. and Citigroup Global 
Markets Holdings, Inc.’s Reply Memorandum of Law in 
Support of the Motion for Summary Judgment, Filed 
March 19, 2010 ...................................................................  JA-2864 

Supplemental and Amended Declaration of Jose L. Torero, Dated 
April 1, 2010, with the Following Attached Exhibits ..................  JA-2866 

 Exhibit A: Jose L. Terero’s Curriculum Vitae .............................  JA-2869 

 Exhibit B: Report Entitled “Analysis of the Impact of a Fire in 
the Mechanical Room (5th & 6th Floor) of the World 
Trade Center 7 Building,” Dated February 12, 2010 .........  JA-2897 

Supplemental and Amended Second Declaration of Joseph P. Colaco, 
Dated April 1, 2010, with the Following Attached Exhibits ........  JA-2979 

 Exhibit A: Joseph P. Colaco’s Curriculum Vitae .........................  JA-2983 

 Exhibit B: CBM Engineers, Inc., World Trade Center 7: Joseph 
Colaco Expert Report, Dated February 15, 2010 ...............  JA-2993 

Case 11-4403, Document 77-1, 02/14/2012, 525376, Page30 of 82



xxviii 

Supplemental and Amended Second Declarations of Colin G. Bailey, 
Dated April 5th and 10th, 2010, with the Following Attached 
Exhibits .........................................................................................  JA-3067 

 Exhibit 1: Colin G. Bailey’s Curriculum Vitae ............................  JA-3075 

  Exhibit A:  Photographs Showing Fire Protection on a 
Different Building ....................................................  JA-3086 

  Exhibit B: Photograph of SFRM Being Applied ...............  JA-3096 

  Exhibit C: Photograph of Flutes Filled with SFRM ..........  JA-3098 

  Exhibit D: Response of WTC7 to Standard Office Fires 
and Collapse Initiation, Dated February 15, 2010, 
By Professor Colin Bailey .......................................  JA-3100 

Supplemental and Amended Second Declaration of Frederick W. 
Mowrer, Filed April 22, 2010, with the Following Attached 
Exhibits .........................................................................................  JA-3299 

 Exhibit A: Frederick W. Mowrer’s Curriculum Vitae .................  JA-3305 

 Exhibit B: Photograph of the East Side of 7 World Trade Center  JA-3315 

 Exhibit C: Morse Diesel Photographs Depicting Unfilled Flute 
Cavities ...............................................................................  JA-3316 

 Exhibit D: Expert Report by Frederick W. Mowrer, Ph.D., 
Dated February 15, 2010 ....................................................  JA-3320 

Supplemental and Amended Second Declaration of Guy Nordenson, 
Filed April 22, 2010, with the Following Attached Exhibits .......  JA-3887 

 Exhibit A: Guy JP Nordenson’s Curriculum Vitae ......................  JA-3890 

 Exhibit B: Report and Summary of Findings: Global Collapse 
Analysis: World Trade Center 7, Collapse Investigation, 
Dated February 12, 2010 ....................................................  JA-3900 

Supplemental and Amended Second Declaration of Kenneth Elovitz, 
Filed April 22, 2010, with the Following Attached Exhibits .......  JA-4229 

 Exhibit A: Kenneth M. Elovitz’s Curriculum Vitae .....................  JA-4234 

Case 11-4403, Document 77-1, 02/14/2012, 525376, Page31 of 82



xxix 

 Exhibit B: Expert Report of Energy Economics, Inc., Dated 
February 11, 2010  ..............................................................  JA-4239 

Supplemental and Amended Second Declaration of Joseph M. Sorge 
and Curriculum Vitae, Filed April 22, 2010, with the Following 
Attached Exhibit ...........................................................................  JA-4258 

 Exhibit A: JM Sorge, Inc.’s Expert Report, Dated February 
2010 ....................................................................................  JA-4265 

Plaintiffs’ Memo Endorsed Notice of Motion for Leave to File 
Supplemental and Amended Expert Declarations Incorporating 
Plaintiffs’ Expert Reports Pursuant to Fed. R. Civ. P. 56(e)(1) 
in Further Opposition to the Motions for Summary Judgment of 
Silverstein and Citigroup, Signed by Judge Alvin K. Hellerstein 
on April 23, 2010 ..........................................................................  JA-4297 

Memo Endorsed Letter from Franklin M. Sachs, Esq. to the 
Honorable Alvin K. Hellerstein, U.S.D.J., Dated November 19, 
2010 ..............................................................................................  JA-4300 

Transcript of Argument, Dated December 16, 2010 ..............................  JA-4304 

Memo Endorsed Letter from Franklin M. Sachs, Esq. to the 
Honorable Alvin K. Hellerstein, U.S.D.J., Dated March 16, 
2011 ..............................................................................................  JA-4390 

Stipulation of Voluntary Dismissal of Cross-Claims, Filed November 
3, 2011 ..........................................................................................  JA-4393 

Stipulation of Voluntary Dismissal of Cross-Claims, Filed November 
3, 2011 ..........................................................................................  JA-4395 

Memo Endorsed Letter from Katherine L. Pringle, Esq. to the 
Honorable Alvin K. Hellerstein, Dated November 3, 2011 .........  JA-4397 

Defendant Tishman Construction Corporation’s Master Answer to 
Property Plaintiffs’ Master Complaint Against Ground 
Defendants, Dated December 1, 2005 ..........................................  JA-4399 

Transcript of Court Conference, Dated June 21, 2005 ...........................  JA-4414  

Transcript of Conference, Dated August 9, 2006 ...................................  JA-4463 

Case 11-4403, Document 77-1, 02/14/2012, 525376, Page32 of 82



xxx 

Memo Endorsed Letter, Dated August 23, 2010, from Beth D. Jacob, 
Esq. to The Honorable Alvin K. Hellerstein, Requesting 
Removal of Exhibit 17 to the Declaration of Jemi M. Goulian, 
Esq., Filed February 1, 2010, from the Public File, Signed by 
Judge Hellerstein on August 24, 2010 ..........................................  JA-4481  

 

 

Case 11-4403, Document 77-1, 02/14/2012, 525376, Page33 of 82



Expert�Report� � C�P�Fire,�LLC�

February�15,�2010� � � Page�1�

UNITED�STATES�DISTRICT�COURT�
SOUTHERN�DISTRICT�OF�NEW�YORK�

�
________________________________________________�

�
In�re:�September�11�Property�Damage�and�Business�Loss�Litigation�

�
Consolidated�Edison�Company�of�New�York,�Inc.,�et�al.,�Plaintiffs��

�
against�

�
7�World�Trade�Center�Company,�LP,�et�al.,�Defendants�

�
Civil�Action�No.�

21�MC�101�(AKH)/04�CV�7272�(AKH)�
________________________________________________�

�
�

Expert�report��
by�
�

�
�

Frederick�W.�Mowrer,�Ph.D.�
C�P�Fire,�LLC�

4101�College�Heights�Drive�
University�Park,�MD��20782�

�
�
�

Submitted�to:�
�

Mark�Antin,�Esq.�
Gennet,�Kallmann,�Antin�and�Robinson,�P.C.�

6�Campus�Drive�
Parsippany,�NJ��07054�

�
�
�

February�15,�2010�

JA-3321

Case 11-4403, Document 77-1, 02/14/2012, 525376, Page34 of 82



Expert�Report� � C�P�Fire,�LLC�

February�15,�2010� � � Page�2�

Table�of�Contents�
�

Section�� � � � � � � � � � � Page�
�
1.� Introduction� � � � � � � � � � 3�
2.� Summary� � � � � � � � � � 3�
3.� Background�Information� � � � � � � � 8�
� 3.1� Construction�Classifications� � � � � � � 8�
� 3.2� Fire�Resistance�Ratings� � � � � � � 10�
� 3.3� Design�for�Burnout� � � � � � � � 14�
4.� Assessment�of�WTC7�Fire�Protection�and�Vulnerability�of�Building�to�Fire� � 17�
� 4.1� Occupancy�Classifications� � � � � � � 17�
� 4.2� Automatic�Sprinkler�Protection� � � � � � 18�
� 4.3� Construction�Classification�of�Building� � � � � 20�
� 4.4� Fireproofing� � � � � � � � � 20�
� 4.5� Long�Span�Beams�and�Web�Penetrations� � � � � 31�
� 4.6� Fuel�Tanks,�Standby�Generators�and�Pressurized�Fuel�Lines�� � 32�
5.� Fire�Conditions�on�September�11,�2001� � � � � � 33�
� 5.1� Office�Workstation�Fire�Tests�� � � � � � 34�
� 5.2� Fire�Spread�on�the�9th�and�12th�Floors� � � � � 37�
� 5.3� FDS�Simulation�of�12th�Floor�Fire�Effects� � � � � 41�
� 5.4� Relationship�between�9th�and�12th�Floor�Fires� � � � 46�
� 5.5� Parametric�Fire�Conditions�Used�for�Structural�Fire�Analyses� � 47�
� 5.6� Structural�Element�Temperatures�Used�for�Structural�Fire�Analyses� 47�
� 5.7� Imposed�Heat�Load�Analysis� � � � � � � 51�
6.� Summary�of�Opinions�� � � � � � � � 56�
A.1.� Curriculum�Vita� � � � � � � � � A1�
A.2.� Materials�Reviewed� � � � � � � � � A11�
A.3.� Rate�Schedule�� � � � � � � � � A12�
A.4.� Schedule�of�Testimony� � � � � � � � A13�
B.� GNA�Photographic�Analysis�Report� � � � � � � B1�
C.� Arup�FDS�Simulation�Report� � � � � � � � C1�
D.� Heat�Transfer�Analysis�Report� � � � � � � D1�
�

JA-3322

Case 11-4403, Document 77-1, 02/14/2012, 525376, Page35 of 82



Expert�Report� � C�P�Fire,�LLC�

February�15,�2010� � � Page�3�

1.�INTRODUCTION�
�
This�expert�report�has�been�prepared�at�the�request�of�counsel�for�Consolidated�Edison�(Con�
Ed)�in�this�matter,�which�relates�to�the�fire�induced�collapse�of�the�World�Trade�Center�7�
building�(WTC7)�that�occurred�in�New�York�City�on�September�11,�2001.��This�report�is�intended�
to�serve�as�a�disclosure�of�my�expert�opinions�and�the�bases�for�these�opinions�in�this�matter.��
This�expert�report�may�be�amended�or�supplemented�if�additional�information�becomes�
available�that�affects�the�opinions�expressed�herein.�
�
In�developing�my�opinions�in�this�matter,�I�have�relied�on�my�knowledge�of�Fire�Protection�
Engineering�and�Fire�Science,�including�my�personal�experience�as�an�Assistant�Professor�and�
Associate�Professor�of�Fire�Protection�Engineering,�as�a�Researcher�in�Fire�Science�and�as�a�
Consultant�specializing�in�Fire�Protection�Engineering�and�Fire�Science.��Additional�information�
on�my�education,�experience,�qualifications�and�publications�is�provided�in�my�curriculum�vita�
in�Exhibit�A.1.��Documents�that�I�have�considered�and/or�relied�upon�in�developing�my�opinions�
are�listed�in�Exhibit�A.2.��My�fee�schedule�for�services�provided�on�this�matter�is�provided�in�
Exhibit�A.3.��A�schedule�of�the�cases�in�which�I�have�provided�expert�testimony�during�the�past�
four�years�is�provided�in�Exhibit�A.4.�
�
2.�SUMMARY�
�
WTC7�was�a�47�story�steel�framed�fire�resistive�building�located�in�downtown�Manhattan,�just�
north�of�the�main�World�Trade�Center�(WTC)�plaza,�as�shown�in�Figure�1.��The�building,�
designed�and�constructed�in�the�mid�1980s,�was�bounded�by�Vesey�Street�on�the�south,�
Washington�Street�on�the�west,�Barclay�Street�on�the�north�and�West�Broadway�on�the�east.��
WTC7�had�a�trapezoidal�floor�plan�that�paralleled�the�surrounding�streets.��Part�of�the�WTC7�
building�was�constructed�above�an�existing�Con�Ed�electric�substation.��Part�of�the�WTC7�
building�was�also�constructed�over�a�truck�ramp�serving�the�main�WTC�plaza.�
�
The�trapezoidal�shape�of�the�WTC7�building�and�its�construction�over�the�Con�Ed�substation�and�
WTC�truck�ramp�resulted�in�an�unusual�structural�design�that�included�the�use�of�transfer�
trusses,�long�span�steel�beams�and�girders,�and�asymmetric�framing�configurations�between�
beams�and�girders,�and�between�girders�and�columns.�At�the�time�of�the�design�and�
construction�of�WTC7,�this�structural�design�was�largely�untested�with�respect�to�its�reaction�to�
fire.�
�
The�Port�Authority�of�New�York�and�New�Jersey�(PA)�had�jurisdiction�over�the�construction�of�
the�WTC7�building.��It�was�the�policy�of�the�PA�to�comply�with�the�Building�Code�of�the�City�of�
New�York�(NYCBC)�for�buildings�under�PA�jurisdiction�and�located�within�New�York�City.��At�the�
time�of�design�and�construction�of�WTC7,�the�1968�edition�of�the�NYCBC�was�in�force�along�with�
a�number�of�local�laws�that�amended�the�requirements�of�the�1968�NYCBC.��These�codes�and�
standards�were�used�to�regulate�the�design�and�construction�of�the�WTC7�building.�
�
�
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�
Figure�1.�WTC�site�plan,�showing�location�of�WTC7�to�north�of�main�WTC�site.�

(Extracted�from�Figure�1�1�of�FEMA�403�report)�
�

WTC7�was�occupied�primarily�as�an�office�building,�but�also�contained�spaces�used�for�other�
purposes,�including�electric�power�generation.��One�of�the�unusual�features�of�the�WTC7�
building�was�the�installation�of�a�large�number�of�standby�generators�within�the�building.��
Unlike�the�two�900�kW�emergency�generators�that�were�installed�on�the�5th�floor�to�provide�
emergency�power�for�the�life�safety�systems�within�the�building,�these�standby�generators�were�
installed�within�the�building�by�some�of�the�tenants�to�serve�their�own�business�interests.��For�
example,�Salomon�Brothers�(SB)�installed�nine�1750�kW�standby�generators�on�the�5th�floor�
along�with�a�pressurized�fuel�oil�system�to�support�the�operation�of�the�generators.�
�
The�WTC7�building�was�classified�as�Occupancy�Group�E,�with�an�associated�Fire�Index�of�2,�
based�on�its�primary�use�as�an�office�building.��Occupancy�Group�D�1�was�the�appropriate�
occupancy�classification�for�the�spaces�where�the�SB�electric�power�generators�were�located�on�
the�5th�floor�of�WTC7.��Occupancy�Group�D�1�has�an�associated�Fire�Index�of�3.��With�a�Fire�
Index�of�3,�the�generator�spaces�should�have�been�separated�from�adjoining�spaces�by�
construction�with�at�least�a�3�hour�fire�resistance�rating.��The�spaces�occupied�by�the�SB�
standby�generators�on�the�5th�floor�of�the�WTC7�building�also�should�have�been�sprinklered,�or�
protected�by�an�alternative�fire�suppression�system,�based�on�any�one�of�a�number�of�building�
code�requirements.���
�
The�WTC7�building�was�designated�as�construction�Class�I�B�under�the�NYCBC.��This�
construction�class�includes�buildings�and�spaces�in�which�the�bearing�walls�and�other�major�
structural�elements�are�generally�of�3�hour�fire�resistance�rating.��The�major�structural�
elements�requiring�a�3�hour�fire�resistance�rating�include�columns,�girders,�trusses�and�framing�
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supporting�more�than�one�floor;�floor�construction,�including�beams,�requires�a�2�hour�fire�
resistance�rating�in�buildings�of�Class�I�B�construction.�
�
In�an�effort�to�provide�the�specified�fire�resistance�ratings�for�structural�elements�throughout�
the�WTC7�building,�the�structural�steel�and�metal�floor�decks�were�coated�with�an�insulating�
material�known�as�a�spray�applied�fire�resistive�material�(SFRM).��The�product�selected�for�this�
application�was�a�cementitious�material,�Monokote�MK�5.��This�material�is�applied�to�structural�
elements�and�floor�assemblies�in�different�thicknesses�to�achieve�different�fire�resistance�
ratings�based�on�fire�test�results�and�listing�requirements�published�by�Underwriters�
Laboratories,�Inc.�(UL).�
�
The�WTC7�architect�specified�fire�resistance�ratings�consistent�with�Class�I�B�construction,�but�
also�specified�that�“All�steel�framing�shall�be�considered�as�being�of�the�restrained�type.”��This�
statement�in�the�specifications�regarding�steel�framing�being�considered�as�restrained�refers�to�
the�dual�classification�system�used�in�the�United�States�for�fire�resistance�ratings�of�steel�
framed�floor�ceiling�assemblies,�roof�ceiling�assemblies�and�beams�since�the�early�1970s.��
Under�this�dual�classification�system,�steel�framed�floor�ceiling�assemblies,�roof�ceiling�
assemblies�and�beams�are�classified�with�two�different�fire�resistance�ratings�based�on�two�
conditions�of�support:�restrained�and�unrestrained.��Engineering�judgment�is�needed�to�
evaluate�whether�an�assembly�or�beam�should�be�considered�as�restrained�or�unrestrained.��
�
In�general,�lesser�thicknesses�of�fireproofing�are�required�for�restrained�assemblies�and�beams�
to�achieve�a�specified�level�of�fire�resistance�than�for�unrestrained�assemblies�and�beams�to�
achieve�the�same�level�of�fire�resistance.��Consequently,�designers�should�ensure�that�steel�
framing�will�behave�in�a�restrained�manner�before�specifying�that�steel�framing�shall�be�
considered�as�being�of�the�restrained�type.��Otherwise,�the�specified�level�of�fireproofing�will�
not�provide�the�required�level�of�fire�resistance.�
�
As�noted�in�Appendix�C�of�the�UL�263�fire�test�standard,�“For�the�purpose�of�this�Guide,�
restraint�in�buildings�is�defined�as�follows:�Floor�and�roof�assemblies�and�individual�beams�in�
buildings�shall�be�considered�restrained�when�the�surrounding�or�supporting�structure�is�
capable�of�resisting�substantial�thermal�expansion�throughout�the�range�of�anticipated�elevated�
temperatures.��Constructions�not�complying�with�this�definition�are�assumed�to�be�free�to�
rotate�and�expand�and�shall�therefore�be�considered�as�unrestrained.”��The�WTC7�architect�
specified�that�all�steel�framing�would�be�considered�as�restrained�without�considering�whether�
the�surrounding�or�supporting�structure�was�capable�of�resisting�substantial�thermal�expansion�
throughout�the�range�of�anticipated�elevated�temperatures.�
�
The�floor�assembly�designated�as�UL�Design�No.�D739�was�used�as�the�basis�for�the�fire�
resistance�rating�of�the�WTC7�floor�assemblies.��The�UL�Design�No.�D739�achieved�the�2�hour�
fire�resistance�rating�required�of�floor�assemblies�in�buildings�of�Class�I�B�construction�under�
the�NYCBC�only�as�a�restrained�assembly.��For�unrestrained�assemblies,�the�UL�Design�No.�D739�
only�achieved�a�fire�resistance�rating�of�1�hour,�which�would�not�have�qualified�it�for�use�in�a�
building�of�Class�I�B�construction.��Consequently,�to�the�extent�that�the�floor�assemblies�in�the�
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WTC7�building�behaved�as�unrestrained�assemblies,�the�level�of�fire�resistance�specified�and�
provided�for�the�floor�assemblies�did�not�meet�the�NYCBC�requirements�for�a�building�of�Class�I�
B�construction.��
�
The�Design�Information�Section�in�the�1983�and�1985�editions�of�the�UL�Fire�Resistance�
Directory�required�that�“Cavities,�if�any,�between�the�upper�beam�flange�and�floor�or�roof�units�
shall�be�filled�with�the�fire�protection�material�applied�to�the�beam,�unless�stated�otherwise�on�
an�individual�design.”��The�listing�for�UL�Design�No.�D739�did�not�state�otherwise,�so�this�
provision�would�have�applied�to�the�WTC7�floor�assemblies.��This�provision�requiring�cavities�to�
be�filled�is�still�included�in�the�current�version�of�the�UL�Fire�Resistance�Directory.�
�
Figure�2,�a�photograph�from�the�Steel�Design�Guide�191�published�by�the�American�Institute�of�
Steel�Construction�(AISC),�shows�an�example�of�filled�cavities�between�the�upper�beam�flange�
and�a�fluted�metal�deck.��In�order�for�flutes�to�be�properly�filled,�they�must�be�filled�completely,�
as�shown�on�Figure�2.�In�contrast,�Figure�3,�a�photograph�of�a�floor�assembly�on�one�of�the�
floors�in�the�WTC�7�building,�shows�an�example�of�unfilled�cavities.�This�photograph�is�
representative�of�other�photographs�in�the�WTC7�building�that�show�similarly�unfilled�cavities�
between�the�upper�beam�flanges�and�the�fluted�metal�decks.���
�

�
Figure�2.�Photograph�from�AISC�Steel�Design�Guide�19,�showing�proper�filling�of�cavities�

between�steel�beam�and�fluted�metal�deck.�

1 Ruddy, J.L., Marlo, J.P., Ioannides, S.A., and Alfawakhiri, F.,  Fire Resistance of Structural Steel Framing, Steel 
Design Guide 19, American Institute of Steel Construction, 2003. 
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�

�
Figure�3.�Photograph�showing�condition�of�fireproofing�in�WTC7.2�

(Bernstein�Photo�5�93�View:�5th�floor�NE�NW�(BERNSTEIN0000029.01.pdf))�
�
In�summary,�the�WTC7�building�had�a�number�of�deficiencies�with�respect�to�its�fire�protection.��
These�deficiencies�included:�
�

� Improper�specification�of�the�steel�framing�in�the�building�as�restrained;�

� An�inadequate�fire�resistance�rating�of�1�hour�for�the�floor�assemblies�based�on�an�
unrestrained�assembly�classification;�

� Failure�to�fill�the�cavities�between�the�upper�beam�flanges�and�the�fluted�metal�decks�
with�fireproofing�material�in�accordance�with�UL�requirements�for�floor�assemblies,�
further�reducing�the�actual�level�of�fire�resistance�provided�for�the�floor�assemblies;�

� Failure�to�provide�a�3�hour�fire�separation�between�the�standby�generator�spaces�
(Occupancy�Group�D�1)�and�adjacent�spaces�(generally�Group�E);�

� Incomplete�sprinkler�protection,�including�the�lack�of�sprinkler�protection�or�alternative�
fire�suppression�in�the�SB�standby�generator�spaces�on�the�5th�floor.�

As�a�result�of�these�deficiencies,�WTC7�did�not�meet�the�standards�for�fire�protection�of�a�Class�
I�B�structure�and�consequently�was�more�vulnerable�to�fire�than�it�should�have�been.�

2 BATES NUMBER BERNSTEIN0000029.01)
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�
WTC7�is�the�only�modern�fire�resistive�high�rise�building�in�the�United�States�that�has�ever�
suffered�global�collapse�as�a�direct�result�of�fire.��Other�modern�fire�resistive�high�rise�office�
buildings,�notably�the�First�Interstate�Bank�(FIB)�in�Los�Angeles�and�the�One�Meridian�Plaza�
(OMP)�in�Philadelphia,�have�suffered�uncontrolled�fires�on�multiple�floors,�but�these�buildings�
did�not�collapse�as�a�result�of�the�fires.��On�the�contrary,�these�buildings,�particularly�the�FIB,�
exhibited�the�type�of�performance�expected�of�fire�resistive�buildings�when�subjected�to�
uncontrolled�fires�by�maintaining�their�structural�integrity.�
�
Following�9/11,�Beitel�and�Iwankiw3�conducted�a�survey�of�historical�information�on�fires�in�
multi�story�(defined�as�four�or�more�stories�in�their�survey)�buildings�that�resulted�in�full�or�
partial�structural�collapse.��Their�survey�included�buildings�of�all�types�of�construction,�including�
concrete,�steel�framed,�brick�and�wood�frame.��WTC7�is�the�only�steel�framed�high�rise�building�
identified�by�Beitel�and�Iwankiw�as�having�suffered�a�total�collapse�as�a�result�of�fire.4��This�
exemplary�performance�record�for�fire�resistive�steel�framed�buildings�highlights�the�fact�that�
the�WTC7�building�was�deficient�in�its�ability�to�withstand�the�impact�of�fire.�
�
3.��BACKGROUND�INFORMATION�
�
3.1��Construction�Classifications�
�
For�most�of�the�past�century,�building�codes�in�the�United�States�have�classified�buildings�into�a�
small�number�of�construction�classifications�based�on�the�combustibility�and�fire�resistance�of�
construction�elements�and�assemblies.�For�example,�the�first�edition�of�the�Uniform�Building�
Code�(UBC),�published�in�1927,�recognized�five�different�types�of�construction5:�
�

� Type�I�–�FIRE�RESISTIVE�Construction��
� Type�II�–�HEAVY�TIMBER�Construction�
� Type�III�–�ORDINARY�MASONRY�Construction�
� Type�IV�–�METAL�FRAME�Construction�
� Type�V�–�WOOD�FRAME�Construction�

�
Under�the�1927�UBC,�the�structural�frame�of�a�Type�I�building�was�required�to�be�of�concrete�or�
of�fireproofed�structural�steel�or�iron.�Structural�steel�or�iron�members�were�required�to�be�
“thoroughly�fireproofed�with�not�less�than�four�hour�fire�resistive�protection�for�columns,�
beams�and�girders�and�three�hour�fire�resistive�protection�for�floors,�for�all�buildings�more�than�
eight�(8)�stories�or�eighty�five�(85)�feet�in�height;�and�with�three�hour�fire�resistive�protection�

3 Beitel, J., and Iwankiw, N., Analysis of Needs and Existing Capabilities for Full-Scale Fire Resistance Testing,
NIST GCR 02-843-1 (Revision), National Institute of Standards and Technology, October 2008 (Replaces NIST 
GCR 02-843, December 2002) 
4 Ibid., Table 2.1. 
5 Uniform Building Code, 1st edition, Sec. 1702, 1927, p. 56. 
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for�columns,�beams�and�girders�and�two�hour�fire�resistive�protection�for�floors�for�all�buildings�
which�are�eight�(8)�stories�or�eighty�five�(85)�feet�or�less�in�height.”6�
�
The�technical�bases�for�construction�classifications�under�the�building�codes�were�described�in�
1942�in�Report�BMS927,�entitled�“Fire�Resistance�Classifications�of�Building�Constructions,”�
published�by�the�National�Bureau�of�Standards�(predecessor�to�the�National�Institute�of�
Standards�and�Technology).��Report�BMS92�concluded�that�by�considering�only�the�basic�
properties�having�a�bearing�on�fire�hazard�and�fire�resistance,�four�types�of�building�
construction�classifications�were�sufficient�to�cover�the�whole�range�of�building�construction.�
Within�each�type,�two�or�more�classes�are�defined�based�on�the�fire�resistance�required�for�
their�structural�members.�The�types�of�construction�identified�in�BMS92�include:�
�

� Type�I.�Fireproof�construction�(now�called�“fire�resistive”)�
� Type�II.�Incombustible�construction�(now�called�“noncombustible”)�
� Type�III.�Exterior�Protected�construction�
� Type�IV.�Wood�construction�

�
In�BMS92,�Type�I�–�Fireproof�Construction�is�defined�as�“That�type�of�construction�in�which�the�
structural�elements�are�of�incombustible�materials�with�fire�resistance�ratings�sufficient�to�
withstand�the�fire�severity�resulting�from�complete�combustion�of�the�contents�and�finish�
involved�in�the�intended�occupancy�but�not�less�than�the�rating�specified�in�table�1�(of�BMS92)�
…”.��Table�1�of�BMS92�laid�out�the�minimum�fire�resistance�ratings�of�structural�elements�for�
Type�I�construction.�Six�different�subtypes�were�established,�based�on�the�expected�fire�load,�
expressed�in�terms�of�the�weight�of�combustibles�per�unit�floor�area,�lb/ft2.��In�this�way,�BMS92�
recognized�that�buildings�of�“Fireproof�Construction”�could�be�provided�with�different�levels�of�
fire�resistance�based�on�different�levels�of�anticipated�fire�severity.�
�
The�construction�types�identified�in�BMS92�are�very�similar�to�the�construction�types�
recognized�in�current�model�building�codes,�although�the�current�codes�recognize�different�
subcategories�under�each�construction�type�and�have�different�designations�for�some�of�the�
construction�types.��The�1968�NYCBC�is�similar�to�other�building�codes,�but�uses�different�
terminology�to�represent�different�construction�types.��The�NYCBC�includes�only�two�broad�
construction�groups,�I�Noncombustible�and�II�Combustible,�with�five�classes�under�each�group.��
The�classes�under�construction�group�I�Noncombustible�include:�
�

� I�A—�(4�hr.�protected)�
� I�B—�(3�hr.�protected)�
� I�C—�(2�hr.�protected)�
� I�D—�(1�hr.�protected)�
� I�E—�(unprotected)�

�

6 Ibid., Sec. 1809, p. 58 
7 Report BMS92, Fire-Resistance Classifications of Building Constructions, National Bureau of Standards, 1942. 
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As�noted�in�Section�27�276�of�the�NYCBC,�Class�I�B�construction�includes�buildings�and�spaces�in�
which�the�bearing�walls�and�other�major�structural�elements�are�generally�of�three�hour�fire�
resistance�rating.��For�the�other�construction�classes,�the�fire�resistance�rating�of�major�
structural�elements�is�the�hourly�rating�indicated�in�the�parentheses�for�each�construction�class�
noted�above.��The�fire�resistance�ratings�of�all�construction�elements�in�Construction�Group�I�
Noncombustible�buildings�are�identified�in�Table�3�4�of�the�NYCBC.�
�
3.2��Fire�Resistance�Ratings�
�
The�fire�resistance�ratings�of�construction�elements�referenced�in�the�NYCBC,�as�well�as�in�other�
building�codes,�are�based�on�the�test�procedures�and�criteria�described�in�the�ASTM�E119�
Standard�Method�of�Fire�Tests�of�Building�Construction�and�Materials.��As�noted�in�the�
Introduction�section�of�the�ASTM�E119�standard,�“The�performance�of�walls,�columns,�floors,�
and�other�building�members�under�fire�exposure�conditions�is�an�item�of�major�importance�in�
securing�constructions�that�are�safe,�and�that�are�not�a�menace�to�neighboring�structures�nor�to�
the�public.”8�
�
The�basic�features�of�the�fire�test�method�described�in�the�ASTM�E119�standard�have�remained�
virtually�the�same�since�this�standard�was�first�introduced�in�1918.��In�this�fire�test�method,�
specimens�that�are�supposed�to�be�“truly�representative�of�the�construction�for�which�
classification�is�desired”9�are�installed�in�a�fire�test�furnace�and�subjected�to�relatively�severe�
fire�exposure�conditions�represented�by�a�standard�time�temperature�curve.��The�standard�
time�temperature�curve�used�to�define�the�exposure�conditions�in�the�ASTM�E119�standard�is�
represented�in�terms�of�the�following�temperatures�at�the�respective�times:�
�

1000°F�(538°C)�at�5�min�
1300°F�(704°C)�at�10�min�
1550°F�(843°C)�at�30�min�
1700°F�(927°C)�at�1�h�
1850°F�(1010°C)�at�2�h�
2000°F�(1093°C)�at�4�h�
2300°F�(1260°C)�at�8�h�or�over�

�
Based�on�the�fire�test�results�and�acceptance�criteria�described�in�the�ASTM�E119�standard,�
construction�elements�and�assemblies�are�assigned�fire�resistance�ratings�that�are�typically�
expressed�in�terms�of�hourly�ratings,�e.g.,�1�hour,�2�hour,�etc.���
�
For�floor�assemblies,�the�area�of�the�test�specimen�exposed�to�the�fire�conditions�must�be�at�
least�180�ft2�(16�m2),�with�neither�dimension�less�than�12�ft�(3.7�m).��A�test�specimen�that�is�12�
ft�(3.7�m)�long�and�15�ft�(4.8�m)�wide�meets�these�requirements.��Throughout�a�test,�a�load�is�
superimposed�on�the�floor�assembly�to�simulate�a�maximum�load�condition.�The�question�arises�

8 ASTM E 119 – 00a, Standard Test Methods for Fire Tests of Building Construction and Materials, 2000. 
9 Ibid., Section 9.1. 
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as�to�whether�the�results�of�this�test�can�be�extrapolated�to�actual�floor�constructions�with�
spans�that�are�more�than�4�times�longer�than�the�test�assembly,�as�they�were�in�the�northeast�
corner�of�WTC7.��As�noted�in�Section�4.2�of�the�ASTM�E119�standard,�“…Variation�from�the�test�
conditions�or�specimen�construction,�such�as�size,�materials,�method�of�assembly,�also�affects�
the�fire�test�response.�For�these�reasons,�evaluation�of�the�variation�is�required�for�application�
to�construction�in�the�field.”��To�illustrate�this�point,�Figure�4�shows�the�approximate�area�of�a�
floor�test�assembly�superimposed�as�a�red�rectangle�on�a�typical�WTC7�floor�plan.��
�

�
Figure�4.�Floor�plan�of�WTC7�with�approximate�area�of�ASTM�E119�test�specimen�superimposed�

(red�rectangle).�
�
The�conditions�of�acceptance�specified�in�the�ASTM�E119�standard�for�floor�assemblies�include:�
�

� The�specimen�must�sustain�the�applied�load�during�the�classification�period�without�
developing�unexposed�surface�conditions�which�will�ignite�cotton�waste;�

� The�transmission�of�heat�through�the�specimen�during�the�classification�period�must�not�
raise�the�average�temperature�on�its�unexposed�surface�more�than�250°F�(139°C)�above�
its�initial�temperature;�

� For�unrestrained�assemblies�employing�steel�structural�members�(beams,�open�web�
steel�joists,�etc.),�spaced�more�than�4�ft�(1.2�m)�on�centers,�the�temperature�of�the�steel�
must�not�exceed�1300°F�(704°C)�at�any�location�during�the�classification�period�and�the�
average�temperature�recorded�by�four�thermocouples�at�any�section�must�not�exceed�
1100°F�(593°C)�during�the�classification�period.��For�restrained�assemblies,�these�
temperature�criteria�apply�for�a�period�of�one�half�the�classification�period�of�the�
assembly�or�1�hr,�whichever�is�greater.�

�
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The�purpose�of�these�conditions�of�acceptance�is�to�evaluate�the�potential�for�flame�
penetration�or�heat�transmission�through�the�floor�assembly�as�well�as�the�structural�integrity�
of�the�floor�assembly.�
�
Since�the�early�1970s,�a�dual�classification�system�has�been�used�in�the�United�States�for�fire�
resistance�ratings�of�steel�framed�floor�ceiling�assemblies,�roof�ceiling�assemblies�and�beams.��
Under�this�dual�classification�system,�steel�framed�floor�ceiling�assemblies,�roof�ceiling�
assemblies�and�beams�are�classified�with�two�different�fire�resistance�ratings�based�on�two�
conditions�of�support:�restrained�and�unrestrained.��Engineering�judgment�is�needed�to�
evaluate�whether�an�assembly�or�beam�should�be�considered�as�restrained�or�unrestrained.���
�
In�general,�lesser�thicknesses�of�fireproofing�are�required�for�restrained�assemblies�and�beams�
to�achieve�a�specified�level�of�fire�resistance�than�for�unrestrained�assemblies�and�beams�to�
achieve�the�same�fire�resistance�rating.��Consequently,�designers�should�ensure�that�steel�
framing�will�behave�in�a�restrained�manner�before�specifying�that�steel�framing�shall�be�
considered�as�being�of�the�restrained�type.��This�concept�is�demonstrated�in�Section�4302(b)�of�
the�1985�Uniform�Building�Code,�which�includes�the�following�provision:�
�
“Fire�resistive�assemblies�tested�under�U.B.C.�Standard�No.�43�1�shall�not�be�considered�to�be�
restrained�unless�evidence�satisfactory�to�the�building�official�is�furnished�by�the�person�
responsible�for�the�structural�design�showing�that�the�construction�qualifies�for�a�restrained�
classification�in�accordance�with�U.B.C.�Standard�No.�43�1.��Restrained�construction�shall�be�
identified�on�the�plans.”�
�
U.B.C.�Standard�No.�43�1�is�functionally�equivalent�to�the�ASTM�E119�and�UL�263�fire�resistance�
test�standards.��This�same�requirement�appeared�in�the�1979�Uniform�Building�Code�and�still�
appears�in�the�International�Building�Code�that�has�succeeded�the�Uniform�Building�Code�as�
well�as�the�NYCBC.�
�
The�Design�Information�Section�of�the�UL�Fire�Resistance�Directory,�including�the�1983�and�
1985�editions,�provides�guidance�for�determining�conditions�of�restraint�for�floor�and�roof�
assemblies�and�for�individual�beams;�the�Design�Information�Section�includes�excerpts�from�
Appendix�C�of�the�UL�263�Standard�for�Fire�Tests�of�Building�Construction�and�Materials�to�
provide�this�guidance:�
�
“C1.� The�revisions�adopted�in�1970�have�introduced,�for�the�first�time�in�the�history�of�the�
Standard�(UL�263),�the�concept�of�fire�endurance�classifications�based�on�two�conditions�of�
support:�restrained�and�unrestrained.��As�a�result,�most�specimens�will�be�fire�tested�in�such�
manner�as�to�derive�these�two�classifications.�
�
C2.� A�restrained�condition�in�fire�tests,�as�used�in�this�Standard,�is�one�in�which�expansion�at�
the�supports�of�a�load�carrying�element�resulting�from�the�effects�of�the�fire�is�resisted�by�
forces�external�to�the�element.��An�unrestrained�condition�is�one�in�which�the�load�carrying�
element�is�free�to�expand�and�rotate�at�its�supports.�
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�
C3.� Some�difficulty�is�recognized�in�determining�the�condition�of�restraint�that�may�be�
anticipated�at�elevated�temperatures�in�actual�structures.��Until�a�more�satisfactory�method�is�
developed,�this�Guide�recommends�that�all�constructions�be�temporarily�classified�as�either�
restrained�or�unrestrained.��The�classification�will�enable�the�architect,�engineer,�or�building�
official�to�correlate�the�fire�endurance�classification,�based�on�conditions�of�restraint,�with�the�
construction�type�under�consideration.�
�
C4.� For�the�purpose�of�this�Guide,�restraint�in�buildings�is�defined�as�follows:�
Floor�and�roof�assemblies�and�individual�beams�in�buildings�shall�be�considered�restrained�
when�the�surrounding�or�supporting�structure�is�capable�of�resisting�substantial�thermal�
expansion�throughout�the�range�of�anticipated�elevated�temperatures.��Constructions�not�
complying�with�this�definition�are�assumed�to�be�free�to�rotate�and�expand�and�shall�therefore�
be�considered�as�unrestrained.�
�
C5.� This�definition�requires�the�exercise�of�engineering�judgement�(sic)�to�determine�what�
constitutes�restraint�to�“substantial�thermal�expansion.”��Restraint�may�be�provided�by�the�
lateral�stiffness�of�supports�for�floor�and�roof�assemblies�and�intermediate�beams�forming�part�
of�the�assembly.��In�order�to�develop�restraint,�connections�must�adequately�transfer�thermal�
thrusts�to�such�supports.��The�rigidity�of�adjoining�panels�or�structures�should�be�considered�in�
assessing�the�capability�of�a�structure�to�resist�thermal�expansion.��Continuity,�such�as�that�
occurring�in�beams�acting�continuously�over�more�than�two�supports,�will�induce�rotational�
restraint�which�will�usually�add�to�the�fire�resistance�of�structural�members.��In�the�following�
table,�only�the�common�types�of�constructions�are�listed.��Having�these�examples�in�mind,�as�
well�as�the�philosophy�expressed�in�the�preamble,�the�user�should�be�able�to�rationalize�the�less�
common�types�of�construction.”�
�
The�table�referenced�in�Section�C5�of�Appendix�C�to�the�UL�263�standard�is�Table�C1�–�
Considerations�of�Restraint�for�Common�Construction.��This�table�provides�guidance�for�some�
common�construction�assemblies,�but�does�not�apply�for�the�long�spans�and�asymmetrical�
framing�details�that�made�the�structural�design�of�WTC7�non�standard.���
�
An�individual�unrestrained�beam�classification�is�developed�for�beams�from�tests�as�part�of�a�
floor�assembly.�The�classification�so�derived�applies�to�beams�when�used�with�a�floor�or�roof�
construction�which�has�a�comparable�or�greater�capacity�for�heat�dissipation�from�the�beam�
than�the�floor�or�roof�with�which�it�was�tested.�The�fire�endurance�classification�developed�by�
this�procedure�does�not�apply�to�beams�smaller�than�those�tested.��The�conditions�of�
acceptance�for�an�unrestrained�beam�classification�derived�in�this�way�include:�
�

� The�specimen�must�sustain�the�applied�load�during�the�classification�period;�
� For�steel�beams�the�temperature�of�the�steel�cannot�exceed�1300°F�(704°C)�at�any�

location�during�the�classification�period�and�the�average�temperature�recorded�by�four�
thermocouples�at�any�section�cannot�exceed�1100°F�(593°C)�during�this�period.�

�
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The�ASTM�E119�standard�also�includes�an�alternative�test�of�protection�for�solid�structural�steel�
beams�and�girders.��This�alternative�test�procedure�is�allowed�for�use�in�evaluating�the�
protection�of�steel�beams�and�girders�without�application�of�design�load,�provided�that�the�
protection�is�not�required�by�design�to�function�structurally�in�resisting�applied�loads.��The�
conditions�of�acceptance�include�an�average�steel�temperature�at�any�one�of�the�four�
measurement�sections�of�not�more�than�1000°F�(538°C)�and�a�maximum�temperature�of�1200°F�
(649°C)�at�any�one�of�the�measurement�points.��According�to�the�heading�of�this�section�of�the�
ASTM�E119�standard,�this�alternative�rating�method�only�applies�for�solid�structural�beams�and�
girders�and�thus�would�not�apply�to�castellated�members�or�to�members�with�extensive�web�
penetrations.�
�
Fire�tests�conducted�in�accordance�with�the�ASTM�E119�standard�are�generally�performed�at�
commercial�laboratories,�such�as�UL.��These�laboratories�publish�directories�with�the�fire�
resistance�ratings�for�the�different�construction�elements�and�assemblies�that�have�been�tested�
and�listed�by�the�test�laboratory.��The�UL�directory�is�known�as�the�Fire�Resistance�Directory;�it�
includes�a�Design�Information�Section�at�the�beginning�of�the�directory�that�includes�general�
information�that�applies�to�the�listed�assemblies�included�in�the�directory.��Building�designers�
generally�select�assemblies�from�this�directory�to�meet�the�fire�resistance�rating�requirements�
for�the�construction�elements�and�assemblies�used�in�their�projects.��In�doing�so,�designers�
need�to�consider�the�uses�and�limitations�associated�with�the�fire�resistance�listings,�particularly�
when�designing�buildings�with�unusual�structural�framing�details,�such�as�the�WTC7�building.�
�
3.3��Design�for�Burnout�
�
A�basic�tenet�of�structural�fire�protection�embodied�in�BMS92�and�the�building�codes�over�most�
of�the�past�century�is�that�buildings�of�fire�resistive�construction�should�maintain�their�
structural�integrity�through�complete�burnout�of�their�contents.��This�tenet�is�reiterated�by�
Buchanan�in�his�2001�book�Structural�Design�for�Fire�Safety,�where�he�notes�that�“The�
fundamental�step�in�designing�structures�for�fire�safety�is�to�verify�that�the�fire�resistance�of�the�
structure�(or�each�part�of�the�structure)�is�greater�than�the�severity�of�the�fire�to�which�the�
structure�is�exposed.��This�verification�requires�that�the�following�design�equation�be�satisfied:�
�

Fire�resistance���fire�severity�
�
where�fire�resistance�is�a�measure�of�the�ability�of�the�structure�to�resist�collapse,�fire�spread�or�
other�failure�during�exposure�to�a�fire�of�specified�severity,�and�fire�severity�is�a�measure�of�the�
destructive�impact�of�a�fire,�or�a�measure�of�the�forces�or�temperatures�which�could�cause�
collapse�or�other�failure�as�a�result�of�the�fire.�…”10��
�
Buchanan�identifies�one�of�the�objectives�for�providing�fire�resistance:�“To�prevent�structural�
collapse,�structural�elements�must�be�provided�with�sufficient�fire�resistance�to�maintain�
stability�for�the�fire�design�time.��Prevention�of�collapse�is�essential�for�load�bearing�structural�

10 Buchanan, A., Structural Design for Fire Safety, John Wiley & Sons Ltd., 2001., p. 91. 
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members�and�for�load�bearing�barriers�which�also�provide�containment.��Structural�fire�
resistance�must�be�provided�to�the�main�load�bearing�structural�elements,�and�to�secondary�
elements�which�support�or�provide�stability�to�barriers�or�main�members.”11�
�
Buchanan�notes�that�“The�term�fire�design�time�is�not�precisely�defined.��Depending�on�the�
importance�of�the�building,�the�requirements�of�the�owner,�and�the�consequences�of�a�
structural�collapse�or�spread�of�fire,�the�fire�design�time�will�be�selected�by�the�designer�as�one�
of�the�following:�
�
(1)� the�time�required�for�occupants�to�escape�from�the�building,�
(2)� the�time�for�fire�fighters�to�carry�out�rescue�activities,�
(3)� the�time�for�fire�fighters�to�surround�and�contain�the�fire,�
(4)� the�duration�of�a�burnout�of�the�fire�compartment�with�no�intervention.”�
�
Buchanan�goes�on�to�note�that�“Codes�in�various�countries�use�these�times�in�different�ways�for�
different�occupancies.��Many�small�single�storey�buildings�may�be�designed�to�protect�escape�
routes�and�to�remain�standing�only�long�enough�for�the�occupants�to�escape�(time�(1))�after�
which�the�fire�will�destroy�the�building.��Alternatively,�all�very�tall�buildings,�or�buildings�where�
people�cannot�escape,�should�be�designed�to�prevent�major�spread�of�fire�and�structural�
collapse�for�a�complete�burnout�of�one�or�more�fire�compartments�(time�(4)).��(Emphasis�
added)�Times�(2)�and�(3)�are�intermediate�times�which�may�be�applied�to�medium�sized�
buildings,�to�provide�life�safety�or�property�protection,�respectively.”12�
�
On�the�issue�of�trade�offs,�Buchanan�notes�that�“It�can�be�difficult�to�justify�trade�offs,�
especially�reductions�of�fire�resistance�if�automatic�sprinkler�systems�are�installed.��It�is�
generally�accepted�that�if�an�automatic�suppression�system�could�be�relied�on�to�control�a�fire�
with�total�certainty,�no�fire�resistance�or�passive�fire�protection�would�be�necessary.��However,�
no�system�is�100%�effective,�so�the�question�is�how�much�fire�resistance�should�be�provided�for�
the�remote�probability�that�the�suppression�system�fails�to�operate�or�fails�to�control�the�fire.��
As�an�example,�it�could�be�argued�that�if�the�suppression�system�fails�when�street�water�
supplies�are�destroyed�by�an�earthquake,�the�resulting�fire�will�have�the�same�severity�as�if�
there�had�been�no�suppression�system�at�all,�so�there�should�be�no�trade�off�for�sprinklers.”13�
�
Very�tall�buildings,�such�as�the�WTC7�building,�are�generally�required�to�be�of�fire�resistive�
(called�Type�I�in�BMS92�and�in�some�building�codes)�construction,�one�of�several�construction�
types�recognized�by�the�Building�Code�of�the�City�of�New�York,�as�well�as�by�the�model�building�
codes�that�have�existed�in�the�United�States�for�much�of�the�past�century.��As�noted�by�
Ingberg14��in�an�article�that�appeared�in�1929,�the�fire�resistive�type�of�construction�“…�
comprises�buildings�that�can�withstand�a�complete�burning�out�of�combustible�contents�and�

11 Ibid., p. 17. 
12 Ibid., p. 19. 
13 Ibid., pp. 19-20. 
14 Ingberg, S.H., “Fire-Resistance Requirements in Building Codes,” Quarterly of the National Fire Protection 
Association, Vol. 23, No. 1, July 1929. 
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trim�without�collapse�of�major�structural�members.”�This�article�also�notes�that�“Buildings�of�
this�type�are�permitted�to�greater�heights�and�with�less�restriction�as�to�location�and�occupancy�
than�buildings�of�non�fire�resistive�construction.��In�return,�they�are�supposed�to�supply�certain�
elements�of�safety�under�fire�conditions�…�.�In�order�that�they�may�function�as�such,�it�is�
apparent�that�no�general�or�local�collapse�of�building�or�important�building�members�must�
occur�in�a�fire�consuming�combustible�contents�and�trim,�otherwise�the�hazard�to�surrounding�
buildings,�occupants�and�fire�fighting�would�not�differ�greatly�from�that�for�the�non�fire�resistive�
type.�…”��
�
As�noted�above,�in�Section�3.1,�the�Report�BMS92�defined�Type�I�construction�is�“that�type�of�
construction�in�which�the�structural�elements�are�of�incombustible�materials�with�fire�
resistance�ratings�sufficient�to�withstand�the�fire�severity�resulting�from�complete�combustion�
of�the�contents�and�finish�involved�in�the�intended�occupancy�…”.���Assuming�the�fires�which�
caused�the�initial�and�global�collapse�of�WTC7�were��contents�fires,�the�building�was�not�able�to�
withstand�the�fire�severity�resulting�from�complete�combustion�of�its�contents�without�
collapsing,�thereby�violating�this�principle.�
�
This�concept�that�fire�resistance�should�exceed�fire�severity�in�fire�resistive�buildings�is�
reiterated�in�an�article�that�appeared�in�the�Quarterly�of�the�National�Fire�Protection�
Association�in�1950.15���Quoting�from�the�NFPA�Handbook�of�Fire�Protection�at�the�time,�this�
article�notes�that�“As�ordinarily�used�the�term�‘fire�resistive�building’�refers�to�a�building�with�
structural�members�constructed�of�noncombustible�materials�of�such�quality�and�so�protected�
that�they�will�resist�the�maximum�severity�of�fire�expected�within�the�structure�without�
collapse.”��This�article�goes�on�to�say�that�“if�a�fire�resistive�structure�does�possess�the�proper�
degree�of�fire�resistance,�it�will�resist�a�fire�without�collapse�…”.�Since�the�WTC7�building�did�
collapse,�it�clearly�did�not�possess�the�proper�degree�of�fire�resistance�to�resist�the�maximum�
severity�of�fire�expected�within�the�structure.�
�
One�reason�the�maximum�severity�of�fire�must�be�anticipated,�particularly�in�tall�buildings,�is�
the�reasonable�expectation�that�firefighters�will�not�engage�in,�or�be�effective�in,�offensive�
firefighting�in�such�buildings.��Consequently,�there�is�also�a�reasonable�expectation�that�fires�in�
high�rise�building�will�not�be�suppressed�before�burning�out�the�available�fire�load.��Firefighters�
could�not�be�expected�to�enter�high�rise�buildings�to�attempt�to�fight�fires�if�the�structural�
stability�of�these�buildings�was�questionable.��This�is�one�of�the�reasons�why�high�rise�buildings�
are�required�to�be�of�fire�resistive�construction.���
�
There�have�been�a�number�of�serious�fires�in�high�rise�building�where�firefighters�have�been�
unable�to�suppress�the�fire�on�multiple�floors�of�the�building,�yet�these�buildings�did�not�
collapse.��Two�of�these�fires�include�the�First�Interstate�Bank�fire�in�Los�Angeles�in�1988�and�the�
One�Meridian�Plaza�fire�in�Philadelphia�in�1991.��In�both�of�these�fires,�as�well�as�in�fires�in�other�
high�rise�buildings,�complete�combustion�of�the�contents�occurred�on�one�or�more�fire�affected�
floors,�but�did�not�result�in�total�collapse�of�the�buildings.��The�recent�survey�of�building�

15 “Fires in ‘Fireproof’ Buildings,” Quarterly of the National Fire Protection Association, Vol. 44, No. 1, July 1950.  
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collapse�incidents�compiled�by�Beitel�and�Iwankiw�did�not�identify�any�steel�frame�high�rise�
buildings,�other�than�WTC7,�that�have�completely�collapsed�primarily�as�a�result�of�fire.���
�
Because�a�high�rise�building�of�fire�resistive�construction�should�be�able�to�withstand�complete�
combustion�of�its�fuel�load�without�collapsing�and�with�no�intervention�by�manual�firefighting�
or�automatic�sprinkler�protection,�WTC7�should�not�have�collapsed�despite�the�lack�of�manual�
firefighting�and�the�inoperative�automatic�sprinkler�protection�in�the�building�on�September�11,�
2001.��This�concept�is�reiterated�by�Beitel�and�Iwankiw,�who�note�that�“Given�that�there�can�be�
no�guarantee�that�a�fire�will�not�occur�in�a�given�building,�or�that�it�will�be�successfully�
contained�and�suppressed,�the�fire�resistance�of�the�building�structure�must�be�duly�assessed�in�
its�design�in�order�to�avoid�local�and�progressive�collapses.”16���
�
4.��Assessment�of�WTC7�Fire�Protection�and�Vulnerability�of�Building�to�Fire��
�
4.1��Occupancy�Classifications�
�
WTC7�was�occupied�primarily�as�an�office�building,�but�also�contained�spaces�used�for�other�
purposes,�including�electric�power�generation.��One�of�the�unusual�features�of�the�WTC7�
building�was�the�installation�of�a�large�number�of�standby�generators�within�the�building.��
Unlike�the�two�900�kW�emergency�generators�that�were�installed�on�the�5th�floor�to�provide�
emergency�power�for�the�life�safety�systems�within�the�building,�these�standby�generators�were�
installed�within�the�building�by�some�of�the�tenants�to�serve�their�own�business�interests.��For�
example,�Salomon�Brothers�(SB)�installed�nine�1750�kW�standby�generators�on�the�5th�floor�
along�with�a�pressurized�fuel�oil�system�to�support�the�operation�of�the�generators.�
�
Under�Section�27�239�and�Table�3�1�of�the�NYCBC,�the�building�would�have�been�classified�as�
Occupancy�Group�E,�with�an�associated�Fire�Index�of�2,�based�on�its�primary�use�as�an�office�
building.��Additionally,�under�Section�27�238�of�the�NYCBC,�every�room�or�space�must�also�be�
classified�in�one�of�the�occupancy�groups�listed�in�Table�3�1�according�to�the�occupancy�or�use�
of�the�space�or�room.�As�noted�in�Section�27�241�of�the�NYCBC,�Table�3�2�and�reference�
standard�RS�3�3�list�representative�occupancies�to�be�used�as�a�basis�for�classifying�buildings�
and�spaces�by�occupancy.���
�
RS�3�3�includes�“Electric�power�or�steam�generating�plants”�and�“Generating�plants�–�electric�or�
steam”�under�Occupancy�Group�D�1.��Section�27�250�indicates�that�Occupancy�Group�D�1�“Shall�
include�buildings�and�spaces�in�which�the�fabrication,�assembly,�manufacturing,�or�processing�
represents�a�moderate�fire�hazard�due�to�the�extent�and�nature�of�such�operations,�or�to�the�
materials�involved.”��Thus,�Occupancy�Group�D�1�would�have�been�the�appropriate�occupancy�
classification�for�the�spaces�where�the�SB�electric�power�generators�were�located�on�the�5th�

16 Beitel, J., and Iwankiw, N., Analysis of Needs and Existing Capabilities for Full-Scale Fire Resistance Testing,
NIST GCR 02-843-1 (Revision), National Institute of Standards and Technology, October 2008 (Replaces NIST 
GCR 02-843, December 2002), p. 17. 
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floor�of�WTC7.��According�to�Table�3�1�of�the�NYCBC,�Occupancy�Group�D�1�has�an�associated�
Fire�Index�of�3.��
�
Section�27�240�of�the�NYCBC�addresses�separation�of�occupancies,�with�Subsection�27�240(a)�
requiring�that�“Spaces�classified�in�occupancy�groups�having�a�higher�fire�index,�as�listed�in�
table�3�1,�than�the�fire�index�of�the�occupancy�group�classification�of�the�building,�shall�be�
separated�from�adjoining�spaces�by�construction�meeting�the�fire�resistance�rating�
requirements�for�fire�divisions�under�the�provisions�of�subdivision�(a)�of�section�27�339�of�
article�five�of�subchapter�five�of�this�chapter.�Such�occupancies�shall,�for�the�purposes�of�this�
code,�be�classified�and�treated�as�separate�buildings�(hereinafter�referred�to�as�“building�
section”).”��Consequently,�with�a�Fire�Index�of�3,�the�generator�spaces�should�have�been�
separated�from�adjoining�spaces�with�fire�rated�construction�in�accordance�with�Subsection�27�
339(a).�
�
Subsection�27�339(a)�of�the�NYCBC�addresses�the�fire�segregation�of�occupancies�by�fire�
divisions�in�terms�of�the�following�requirements:�“When�different�occupancies�are�to�be�
segregated�by�fire�divisions�under�the�provisions�of�section�27�240�of�subchapter�three�of�this�
chapter,�the�occupancies�shall�be�separated�from�each�other,�vertically�and�horizontally,�by�fire�
divisions�having�at�least�the�fire�resistance�ratings�listed�in�table�5�2�for�the�occupancy�groups�
involved.�Every�building�section�shall�be�constructed�of�elements�having�at�least�the�fire�
resistance�rating�of�a�construction�class�required�for�the�area�and�height�of�the�building�section�
as�listed�in�tables�4�1�and�4�2.”�
�
Table�5�2�of�the�NYCBC�requires�spaces�with�occupancy�classification�of�D�1�to�be�separated�
from�spaces�with�occupancy�classification�of�E,�as�well�as�from�other�spaces,�by�construction�
with�at�least�a�3�hour�fire�resistance�rating.��Consequently,�the�spaces�occupied�by�the�SB�
standby�generators�on�the�5th�floor�should�have�been�separated�from�other�spaces�by�
construction�with�at�least�a�3�hour�fire�resistance�rating.�
�
4.2��Automatic�Sprinkler�Protection�
�
The�WTC7�building�was�equipped�with�a�partial�sprinkler�system.��Most�of�the�building�was�
protected�with�a�wet�pipe�sprinkler�system,�with�the�notable�exception�of�much�of�the�5th�floor.��
On�the�5th�floor,�the�SB�generator�spaces�were�not�sprinklered,17�or�protected�by�an�alternative�
fire�suppression�system,�despite�repeated�recommendations�to�provide�such�protection�over�
the�period�from�at�least�1988�to�2001.18��
�
Subsection�27�954(i)�of�the�NYCBC�required�the�installation�of�sprinklers�in�“Buildings�classified�
in�occupancy�group�E,�one�hundred�feet�or�more�in�height�having�air�conditioning�and/or�
mechanical�ventilation�systems�that�serve�more�than�the�floor�in�which�the�equipment�is�

17 Deposition testimony of David Cooper, February 5, 2009, pp. 284-287. 
18 Bates Numbers CONED0071004, CONED0070683, CONED0070930, CONED0071013, CONED0071915, SPI 
042093 
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located�…�.”��This�provision�would�have�applied�to�WTC7�and�would�have�required�the�
installation�of�sprinklers�throughout�the�building,�including�on�the�5th�floor.��
�
Table�4�1�of�the�NYCBC�addresses�height�and�area�limitations�for�unsprinklered�buildings�and�
spaces.��For�spaces�of�Occupancy�Group�D�1�in�an�unsprinklered�building�of�Class�I�B�
construction,�Table�4�1�establishes�an�area�limitation�of�7,500�square�feet�and�a�height�
limitation�of�75�feet.��Table�4�2�addresses�height�and�area�limitations�for�sprinklered�buildings�
and�spaces.�For�spaces�of�Occupancy�Group�D�1�in�a�sprinklered�building�of�Class�I�B�
construction,�Table�4�2�does�not�limit�the�height�or�area�of�the�space.��This�requirement�is�
reiterated�in�Subsection�27�954(h)�of�the�NYCBC,�which�requires�the�installation�of�sprinklers�in�
“Spaces�classified�in�industrial�occupancy�group�D�1�exceeding�seventy�five�hundred�square�
feet,�in�floor�area�excluding�heliports.”�
�
Subsection�27�954(l)�of�the�NYCBC�required�the�installation�of�sprinklers�on�floors�above�grade�
that�could�not�be�naturally�ventilated.�“Regardless�of�occupancy�group�classification,�any�story�
above�grade�that�cannot�be�ventilated�by�at�least�twenty�square�feet�of�free�openable�area�…�
per�ten�thousand�cubic�feet�of�volume.�Such�ventilation�shall�be�provided�by�operable�windows�
or�other�natural�ventilation�sources�complying�with�section�27�749�of�article�six�of�subchapter�
twelve�of�this�chapter.�…�Sprinklers�may�be�omitted�in�toilets,�shower�rooms,�stairs,�and�
mechanical�and�electrical�equipment�rooms.”��This�provision�would�have�applied�to�the�5th�floor�
of�the�WTC7�because�it�did�not�have�openable�or�operable�natural�ventilation�pathways.��
�
The�5th�floor�of�the�WTC7�building,�including�the�spaces�occupied�by�the�SB�standby�generators,�
should�have�been�sprinklered�based�any�one�of�the�building�code�requirements�referenced�in�
the�preceding�paragraphs.��
�
Reference�Standard�17�2�to�the�NYCBC�addressed�automatic�sprinkler�systems�and�referenced�
the�NFPA�13�Standard�for�the�Installation�of�Sprinkler�Systems.�Section�4�1.1.1�of�the�1985�
edition�of�NFPA�13,�the�edition�that�would�have�been�current�at�the�time�of�WTC7�construction,�
addressed�the�basic�requirements�for�the�spacing,�location�and�position�of�sprinklers�as�follows:��
�
“4�1.1.1*� The�basic�requirements�for�spacing,�location�and�position�of�sprinklers�are�
specified�in�this�chapter�and�are�based�on�the�following�principles:�
�
� (a)�Sprinklers�installed�throughout�the�premises,�...�
�
Exception�No.�1:�See�4�4.3�and�4�4.4�for�locations�from�which�sprinklers�may�be�omitted.”�
�
Section�4�4.3�of�NFPA�13�1985�addresses�spaces�beneath�ground�floors�and�Section�4�4.4�
addresses�concealed�spaces,�so�neither�exception�addresses�generator�spaces.��Section�4�4.14�
of�NFPA�13�1985�standard�addresses�electrical�equipment�as�follows:�
�
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"4�4.14��Electrical�Equipment.�When�sprinkler�protection�is�provided�in�generator�and�
transformer�rooms,�hoods�or�shields�installed�to�protect�important�electrical�equipment�from�
water�shall�be�noncombustible."��
�
These�NFPA�13�provisions�are�consistent�with�the�ongoing�recommendations�to�provide�
sprinkler�protection�for�the�generator�spaces�on�the�5th�floor�of�the�WTC7�building.��They�show�
that�sprinklers�should�be�installed�throughout�the�premises,�including�in�generator�rooms.�
�
The�design�of�automatic�sprinkler�systems�in�the�United�States�anticipates�only�a�single�fire�
source.��As�noted�in�the�current�NFPA�Fire�Protection�Handbook,�“A�number�of�assumptions�
have�been�employed�in�the�writing�of�NFPA�13�to�achieve�an�acceptable�level�of�life�safety�and�
property�protection�while�maintaining�costs.��For�instance,�the�standard�anticipates�a�single�fire�
source,�that�is,�no�multiple�ignitions�in�the�building�while�the�sprinkler�system�is�operating.�…”19���
Modern�automatic�sprinkler�systems�are�hydraulically�calculated�to�deliver�the�designed�
quantity�of�water�to�the�area�of�a�single�fire�source.��When�multiple�fires�occur,�water�is�
diverted�to�these�additional�fires,�thereby�decreasing�the�amount�of�water�flowing�to�each�of�
the�multiple�fire�sources�and�increasing�the�probability�that�the�sprinkler�system�will�not�control�
the�fires.��
�
4.3��Construction�Classification�of�Building�
�
The�WTC7�building�was�designated�as�Class�I�B�construction�under�the�NYCBC.�This�designation�
was�identified�in�the�“7�World�Trade�Center�Fire�Protection�Plan�for�Department�of�Buildings”�
dated�April�30,�1986,�from�Avery20.��In�an�undated�document�entitled�“System�Description�for�7�
World�Trade�Center,”�Syska�and�Hennessy21�indicated�that�“The�building�has�a�fireproof�
classification�of�1B�(3�hours)�and�occupancy�Group�E.”�This�is�reiterated�later�in�this�same�
document,�where�it�is�noted�that�“The�building�is�classified�as�fireproofed�construction�–�1B�–�3�
hours.”22��As�noted�in�Section�27�276�of�the�NYCBC,�construction�Class�I�B�includes�buildings�and�
spaces�in�which�the�bearing�walls�and�other�major�structural�elements�are�generally�of�three�
hour�fire�resistance�rating.��As�noted�in�Table�3�4�of�the�NYCBC,�the�major�structural�elements�
requiring�a�three�hour�fire�resistance�rating�include�columns,�girders,�trusses�and�framing�
supporting�more�than�one�floor;�floor�construction�including�beams�requires�a�two�hour�fire�
resistance�rating�in�buildings�of�Class�I�B�construction.�
�
4.4��Fireproofing�
��
To�provide�the�specified�levels�of�fire�resistance�for�structural�elements�throughout�the�WTC7�
building,�the�structural�steel�and�metal�floor�decks�were�coated�with�an�insulating�material�
known�as�a�spray�applied�fire�resistive�material�(SFRM).��The�product�selected�for�this�

19 Huggins, R., “Automatic Sprinkler Systems,” Section 16, Chapter 3, Fire Protection Handbook, 20th edition, 
National Fire Protection Association, 2008. 
20 BATES NUMBER PANYNJ 0089052 
21 BATES NUMBER SPI 043970 
22 BATES NUMBER SPI 043973 
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application�was�a�cementitious�material,�Monokote�MK�5.��This�material�is�applied�to�structural�
elements�and�floor�assemblies�in�different�thicknesses�to�achieve�different�fire�resistance�
ratings�based�on�fire�test�results�and�listing�requirements�published�by�Underwriters�
Laboratories,�Inc.�(UL)�or�another�recognized�fire�test�laboratory.�
�
The�WTC7�architect�specified�(Specification�9K.1.1.1)23�application�of�a�sprayed�on�cementitious�
coating�over�the�“steel�decking�(fluted)�and�all�floor�support�structural�steel�–�occurring�
throughout�the�entire�project�–�2�hour�rating.”�The�WTC�7�architect�also�specified�(Specification�
9K.1.1.2)24�a�fire�resistance�rating�of�2�hours�for�columns,�girders,�trusses�and�all�other�steel�
framing�supporting�a�single�floor�and�a�fire�resistance�rating�of�3�hours�for�columns,�girders,�
trusses�and�all�other�steel�framing�supporting�two�or�more�floors.��The�note�associated�with�this�
specification�also�stipulated�that�“…�Girders,�trusses,�diagonal�bracing,�and�other�steel�framing�
supporting�columns�shall�be�fire�proofed�to�achieve�a�fire�rating�equivalent�to�that�of�the�
columns.��All�steel�framing�shall�be�considered�as�being�of�the�restrained�type.”�(Emphasis�
added)�
�
The�WTC7�architect�also�specified�(Specification�9K.4.1)25�that�“The�‘Design�Information�Section’�
including�‘Floor�Ceiling�Assemblies,’�‘Roof�Ceiling�Assemblies,’�‘Beams,’�‘Columns,’�‘Wall�and�
Partitions,’�of�the�Underwriters’�Laboratories�‘Fire�Resistance�Index’�dated�January,�1975,�and�
any�later�revisions�and�the�‘Guide�for�Determining�Conditions�of�Restraint.....’�including�
Appendix�‘C’�from�standard�U.L.�263�shall�form�the�basis�of�all�required�work�and�shall�be�
referred�to�for�guidance�by�the�Sub�Contractor.”�
�
The�floor�assembly�designated�as�UL�Design�No.�D739�was�used�as�the�basis�for�the�fire�
resistance�rating�of�the�WTC7�floor�assemblies.��In�the�1983�edition�of�the�UL�Fire�Resistance�
Directory,�Design�No.�D739�was�listed�for�1,�1�1/2�and�2�hour�restrained�assembly�ratings�and�
for�1�hour�unrestrained�assembly�and�beam�ratings.��To�achieve�these�ratings,�W8x28�beams�
required�½�in.�thick�coating�with�the�MK5�SFRM,�W6x12�beams�required�¾�in.�thick�coating�with�
the�MK5�SFRM�and�the�general�floor�area�without�trench�headers�or�electrical�inserts�required�
3/8�in.�of�the�MK5�SFRM�following�the�contour�of�the�steel�floor�units.��A�SFRM�coating�
thickness�of�½�in.�on�beams�and�3/8�in.�on�floor�decks�is�consistent�with�the�intended�level�of�
fireproofing�indicated�on�WTC7�fireproofing�inspection�reports.���
�
The�UL�Design�No.�D739�achieved�the�2�hour�fire�resistance�rating�required�of�floor�assemblies�
in�buildings�of�Class�I�B�construction�under�the�NYCBC�only�as�a�restrained�assembly.��For�
unrestrained�assemblies,�the�UL�Design�No.�D739�only�achieved�a�fire�resistance�rating�of�1�
hour,�which�would�not�have�qualified�it�for�use�in�a�building�of�Class�I�B�construction.��
Consequently,�to�the�extent�that�the�floor�assemblies�in�the�WTC7�building�behaved�as�
unrestrained�assemblies,�the�level�of�fire�resistance�provided�for�the�floor�assemblies�did�not�
meet�the�NYCBC�requirements�for�a�building�of�Class�I�B�construction.�

23 BATES NUMBER CONED0074697 
24 BATES NUMBER CONED0074697 
25 BATES NUMBER CONED0074701 
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�
The�Design�Information�Section�in�the�1983�and�1985�editions�of�the�UL�Fire�Resistance�
Directory,�which�would�have�been�the�revisions�of�this�directory�applicable�at�the�time�of�
construction�of�WTC�7,�included�the�following�statement:�“Cavities,�if�any,�between�the�upper�
beam�flange�and�floor�or�roof�units�shall�be�filled�with�the�fire�protection�material�applied�to�
the�beam,�unless�stated�otherwise�on�an�individual�design.”��This�provision�is�still�included�in�
the�current�version�of�the�UL�Fire�Resistance�Directory.�
�
The�photograph�shown�in�Figure�2,�taken�from�the�AISC�Steel�Design�Guide�19�(Figure�1.1�in�the�
guide),�shows�a�beam�protected�with�SFRM.��The�flutes�above�the�beam�are�completely�filled�
with�SFRM,�such�that�the�top�flange�of�the�beam�is�barely�evident.��This�is�representative�of�
proper�filling�of�the�cavities�between�the�upper�beam�flange�and�a�fluted�metal�floor�deck.�
�
In�contrast,�the�photograph�shown�in�Figure�3,�as�well�as�the�photographs�shown�in�Figures�5a�
through�5q,�show�examples�of�the�condition�of�the�fireproofing�in�the�WTC7�building.��Note�the�
appearance�of�unfilled�cavities,�i.e.,�voids,�above�the�clearly�visible�top�flanges�of�the�steel�
beams�and�girders�in�these�photographs.��In�a�number�of�the�photographs,�cables�are�visible�
running�through�the�cavities,�providing�further�evidence�that�the�cavities�were�not�filled�with�
fireproofing�material.��These�photographs�indicate�that�the�sprayed�on�fireproofing�material�
was�not�properly�or�adequately�applied�to�the�fluted�steel�decking�and�floor�support�structural�
steel�beams�and�girders�as�required�by�the�project�specifications�because�the�cavities�between�
the�upper�beam�flanges�and�the�fluted�steel�deck�were�not�filled�with�the�fire�protection�
material�applied�to�the�beam�as�required�in�the�UL�Fire�Resistance�Directory.��
�
Based�on�my�review�of�these�and�other�photographs,�the�fireproofing�condition�shown�in�these�
photographs�appears�to�be�representative�of�conditions�throughout�large�areas�of�the�WTC7�
building�if�not�the�entire�building.��I�have�not�seen�any�photographs�showing�flute�cavities�in�the�
WTC7�building�were�filled�with�the�fire�protection�material�as�shown�in�Figure�2�and�as�required�
by�the�UL�Fire�Resistance�Directory.��
�
Failure�to�construct�the�WTC�7�with�the�flute�cavities�above�the�beams�and�girders�filled�with�
the�fire�protection�material�applied�to�the�beams,�as�required�by�the�UL�Fire�Resistance�
Directory�listing�for�the�selected�floor�assembly�and�the�project�specification,�reduced�the�fire�
resistance�of�the�beams,�girders�and�floor�assemblies�below�the�level�that�would�have�been�
achieved�if�these�cavities�had�been�filled�in�compliance�with�the�requirements�of�the�NYCBC.���
Failure�to�fill�the�flute�cavities�with�the�fire�protection�material�applied�to�the�beams,�as�
required,�permitted�the�girders�and�beams�to�heat�up�more�quickly�than�expected�when�
exposed�to�fire�conditions.��This�is�discussed�in�more�detail�in�Section�5.6�of�this�report�and�in�
the�expert�report�prepared�by�Prof.�Colin�Bailey.�
�

�
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�
Figure�5a.�Bernstein�Photo�14�106�View:�5th�FL.�NE�CORNER�(BERNSTEIN0000093.01.pdf)�

�

�
Figure�5b.�Bernstein�Photo�4�74�View:�5th�floor�NW�NE�(BERNSTEIN0000021.01.pdf)�

�
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�
Figure�5c.�Bernstein�Photo�3�76�View:�5th�floor�NE�NW�(BERNSTEIN0000016.01.pdf)�

�

�
Figure�5d.�Bernstein�Photo�3�27�View:�41st�FL.�CORE�MECH�ROOM�>�NE�

(BERNSTEIN0000011.01.pdf)�
�
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�
Figure�5e.�Bernstein�Photo�8�93�View:�5th�FL.�NW�CORNER�(BERNSTEIN0000047.01.pdf)�

�

�
Figure�5f.�Bernstein�Photo�7�83�View:�5th�FL.�NE�NW�(BERNSTEIN0000043.01.pdf)�

�
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�
Figure�5g.�Bernstein�Photo�7�71�View:�31ST�FL.�NE�NW�(BERNSTEIN0000040.01.pdf)�

�

�
Figure�5h.�Bernstein�Photo�10�114�View:�5th�FL.�NE�CORNER�(BERNSTEIN0000065.01.pdf)�

�
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�
Figure�5i.�Bernstein�Photo�10�113�View:�5th�FL.�NE�NW�(BERNSTEIN0000064.01.pdf)�

�

�
Figure�5j.�Bernstein�Photo�9�110�View:�5th�FL.�NE�CORNER�(BERNSTEIN0000059.01.pdf)�

�
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�
Figure�5k.�Bernstein�Photo�9�106�View:�5th�FL.�NW�CORNER�(BERNSTEIN0000055.01.pdf)�

�

�
Figure�5l.�Bernstein�Photo�9�68�View:�36th�FL.�NE�NW�(BERNSTEIN0000053.01.pdf)�

�
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�
Figure�5m.�Bernstein�Photo�8�96�View:�5th�FL.�NE�CORNER�(BERNSTEIN0000050.01.pdf)�

�

�
Figure�5n.�Bernstein�Photo�14�103�View:�5th�FL.�NW�CORNER�(BERNSTEIN0000090.01.pdf)�

�
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�
Figure�5o.�Bernstein�Photo�13�14�View:�GV�5th�FL.�>�NE�(BERNSTEIN0000086.01.pdf)�

�

�
Figure�5p.�Bernstein�Photo�11�104�View:�5th�FL.�NE>NW�(BERNSTEIN0000072.01.pdf)�

�
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�
Figure�5q.�Bernstein�Photo�11�103�View:�5th�FL.�NE�CORNER�(BERNSTEIN0000071.01.pdf)�

�
�
4.5��Long�Span�Beams�and�Web�Penetrations�
�
Many�of�the�beams�and�girders�used�to�support�the�floors�in�the�WTC7�building�had�spans�of�
more�than�50�feet,�particularly�in�the�north�and�east�areas�of�the�building.��As�noted�in�Section�
3.2�of�this�report,�such�spans�are�more�than�four�times�longer�than�the�spans�typically�used�in�
standard�fire�resistance�tests.���
�
As�noted�in�Section�4.2�of�the�ASTM�E119�standard,�“The�test�exposes�a�specimen�to�a�standard�
fire�controlled�to�achieve�specified�temperatures�throughout�a�specified�time�period.�When�
required,�the�fire�exposure�is�followed�by�the�application�of�a�specified�standard�fire�hose�
stream.�The�test�provides�a�relative�measure�of�the�fire�test�response�of�comparable�
assemblies�under�these�fire�exposure�conditions.�The�exposure�is�not�representative�of�all�fire�
conditions�because�conditions�vary�with�changes�in�the�amount,�nature�and�distribution�of�fire�
loading,�ventilation,�compartment�size�and�configuration,�and�heat�sink�characteristics�of�the�
compartment.�Variation�from�the�test�conditions�or�specimen�construction,�such�as�size,�
materials,�method�of�assembly,�also�affects�the�fire�test�response.�For�these�reasons,�
evaluation�of�the�variation�is�required�for�application�to�construction�in�the�field.”�(Emphasis�
added)�
�
The�ASTM�E119�standard�also�notes�that�“The�test�standard�does�not�provide�the�following:�…�
Full�information�as�to�performance�of�assemblies�constructed�with�components�or�lengths�
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other�than�those�tested.”��In�light�of�these�admonitions�within�the�ASTM�E119�standard,��the�
designer�should�have�evaluated�the�potential�effects�of�the�long�span�beams�and�girders�on�the�
expected�fire�performance�of�the�floor�assemblies�in�the�WTC7�building,�particularly�with�
respect�to�the�issue�of�thermal�restraint.�There�is�no�evidence�to�indicate�that�this�was�done;�if�
it�was,�then�the�designer�failed�to�appreciate�the�implications�of�these�issues.�
�
Based�on�a�review�of�many�photographs�of�the�WTC7,�it�is�apparent�that�the�webs�on�many�of�
the�beams�and�girders�in�the�structure�were�penetrated�with�extensive�openings�to�provide�
pathways�for�building�utilities�such�as�ducts�and�electrical�conduit.��There�is�no�evidence�to�
indicate�that�the�influence�of�these�web�penetrations�on�the�fire�performance�of�the�floor�
assemblies�was�considered.��
�
4.5��Fuel�Tanks,�Standby�Generators�and�Pressurized�Fuel�Lines�
�
One�of�the�many�unusual�aspects�of�the�WTC7�building�was�the�presence�of�the�large�number�
of�standby�generators�and�associated�fuel�systems�that�were�installed�to�serve�the�business�
interests�of�a�number�of�tenants�in�the�building.��It�is�not�unusual�to�have�one�or�two�electric�
generators�present�in�high�rise�buildings�to�provide�emergency�power�for�life�safety�systems�in�
case�the�primary�power�fails.��It�is�much�less�common�to�have�the�extensive�number�of�standby�
generators�and�associated�fuel�tanks�and�systems�in�a�high�rise�office�building�that�were�
installed�in�WTC7.��Combined,�these�systems�had�a�fuel�oil�storage�capacity�in�excess�of�42,000�
gallons.�
�
Two�900�kW�generators�and�two�12,000�gallon�capacity�storage�tanks�were�installed�in�1987�as�
part�of�the�base�building�system.��The�generators�were�located�in�a�room�on�the�5th�floor�on�the�
south�side�of�the�building�near�the�southwest�corner.��A�275�gallon�day�tank�was�located�in�the�
5th�floor�generator�room�to�supply�fuel�to�the�two�generators�in�the�room.��Section�27�829�of�
the�NYCBC�limited�fuel�supplies�to�a�single�275�gallon�maximum�capacity�storage�tanks�on�any�
floor�above�the�lowest�floor.�
�
Nine�1,750�kW�generators�were�installed�on�the�5th�floor�and�two�6,000�gallon�fuel�oil�storage�
tanks�were�installed�below�the�loading�docks�in�1990�as�part�of�the�SB�project.��Four�of�these�
generators�were�installed�near�the�northeast�corner�of�the�5th�floor,�two�were�located�near�the�
northwest�corner�of�the�5th�floor�and�three�were�located�alongside�the�two�base�building�
generators�in�the�existing�generator�room�on�the�south�side�of�the�5th�floor.���
�
The�base�building�fuel�oil�system�was�modified�a�number�of�times.��In�1994,�this�system�was�
extended�as�part�of�the�Ambassador�Construction�project�to�provide�fuel�oil�to�a�125�kW�
generator�with�a�50�gallon�day�tank�located�on�the�9th�floor.��In�1994,�the�system�was�extended�
again�as�part�of�the�American�Express�project�to�supply�a�350�kW�generator�with�a�275�gallon�
day�tank�located�on�the�8th�floor.��In�1999,�the�system�was�modified�for�the�Mayor’s�Office�of�
Emergency�Management�(OEM)�project.��This�modification�included�the�installation�of�a�6,000�
gallon�fuel�tank�on�the�1st�floor�and�three�500�kW�generators�and�a�275�gallon�day�tank�on�the�
7th�floor.�
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�
The�SB�generators�installed�on�the�5th�floor�could�not�be�supplied�from�day�tanks�because�a�day�
tank�was�already�present�on�the�5th�floor�for�the�base�building�generators�and�the�NYCBC�(27�
829(b)�only�allowed�one�oil�storage�tank�per�story�above�the�lowest�floor.��Consequently,�the�
fuel�system�for�these�nine�generators�located�on�the�5th�floor�used�a�pressurized�loop,�rather�
than�day�tanks,�as�a�means�to�circumvent�the�restriction�on�the�number�of�tanks�on�the�5th�
floor.�
�
The�fuel�oil�supply�(FOS)�line�serving�the�nine�SB�generators�on�the�5th�floor�fed�each�of�the�
generators�before�terminating�in�a�valve�rig�near�the�northeast�corner�of�the�5th�floor.��The�
valve�rig�consisted�of�a�backpressure�regulator,�gauges,�a�by�pass�line�and�a�liquid�level�switch.��
The�liquid�level�switch�controlled�the�pump�set�that�supplied�fuel�oil�supply�to�the�FOS�piping.��
The�backpressure�regulator�was�located�just�downstream�of�the�liquid�level�switch�and�would�
relieve�excess�pressure�into�the�fuel�oil�return�(FOR)�piping�connected�on�the�downstream�side�
of�the�valve�rig.��The�FOR�piping�routed�fuel�oil�back�to�the�storage�tanks.�
�
One��failure�scenario�for�the�pressurized�loop�fuel�oil�system�occurs�if�there�is�a�break�in�the�FOS�
piping�between�the�pump�set�and�the�valve�rig.��This�would�cause�a�low�level�signal�in�the�liquid�
level�switch,�which�would�activate�the�pump�set.���A�broken�FOS�piping�on�the�fifth�floor�would�
result�in�the�pump�set�continuing�to�pump�fuel�oil�from�the�tanks�to�the�break�until�the�storage�
tank(s)�were�emptied.��Assuming�the�Salomon�Brothers�storage�tanks�were�full�at�the�start�of�
such�a�scenario,�the�potential�existed�for�the�fuel�oil�stored�in�these�two�6,000�gallons�tanks�to�
be�pumped�into�the�building�through�the�break�in�the�pipe.��Assuming�the�tanks�had�11,000�
gallons�of�fuel�oil�in�them,�this�would�be�40�times�the�capacity�of�a�single�275�gallon�day�tank.���
�
5.��Fire�Conditions�on�September�11,�2001�
�
A�number�of�fires�were�visible�on�different�office�floors�in�the�WTC7�building�throughout�much�
of�the�day�on�September�11,�2001.��However,�the�south�façade�of�WTC7�remained�shrouded�in�
smoke�and�dust�for�most�of�the�day,�so�additional�fires�may�have�been�burning�within�the�
building�that�could�not�be�observed�or�identified�based�on�the�available�photographic�and�video�
evidence.��Guy�Nordenson�and�Associates�(GNA)�have�prepared�a�2�volume�photographic�
analysis�report�that�summarizes�the�photographic�and�videographic�evidence�of�the�fires�that�
occurred�in�WTC7�on�September�11,�2001.��This�GNA�photographic�analysis�report�is�provided�in�
Exhibit�B�of�this�report.��
�
The�photographic�and�video�evidence�of�the�fires�in�WTC7�on�September�11,�2001,�from�the�
collapse�of�WTC�1�at�approximately�10:30�AM�until�approximately�5:00�PM,�shows�that�the�
most�significant�office�floor�fires�in�WTC7�during�that�period�appear�to�have�been�traveling�fires�
limited�to�a�few�office�floors,�including�floors�7�through�9�and�11�through�13.��Fires�were�
observed�on�other�office�floors�during�this�period,�but�these�other�fires�were�localized�and�did�
not�persist.��The�photographic�and�video�evidence�of�the�fires�on�the�office�floors�of�WTC7�
indicate�that�these�fires�were�consistent�with�ordinary�office�contents�fires;�they�were�not�
extraordinary�fires.�
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�
Office�contents�fires�generally�burn�for�approximately�20�to�30�minutes�in�any�one�location�until�
the�available�fuel�load�is�consumed�and�the�fire�moves�on�to�the�next�area.�That�is�why�fires�in�
large�office�spaces�are�sometimes�called�traveling�fires.��In�tall�buildings�provided�with�an�
appropriate�level�of�fire�resistance,�ordinary�office�contents�fires�will�run�out�of�fuel�before�
heating�and�weakening�structural�steel�to�such�an�extent�that�it�will�fail.�
�
The�photographic�and�video�evidence�of�the�fires�in�WTC7�also�shows�that�the�character�of�the�
smoke�emanating�from�the�east�side�of�the�building�changed�at�approximately�3:30�PM.��After�
3:30�PM,�this�evidence,�along�with�testimony�of�several�first�responders26,�shows�fires�and�
smoke�consistent�with�a�petroleum�based�diesel�fuel�fire�emanating�from�the�vicinity�of�the�
fifth/sixth�floor�louvers�on�the�east�side�of�WTC7.��Examples�of�this�are�shown�in�Images�7.E.01�
to�7.E.04�of�the�GNA�photographic�analysis�report�appended�as�Exhibit�B�to�this�report.�
�
5.1��Office�Workstation�Fire�Tests�
�
The�National�Institute�of�Standards�and�Technology�(NIST)�has�conducted�a�number�of�large�
scale�fire�tests�with�office�workstations.��Madryzkowski27�presented�heat�release�rate�data�for�
single�office�workstations�bounded�on�2,�3,�and�4�sides�by�workstation�dividers,�as�shown�in�
Figure�6.��Madryzkowski�and�Walton28�reported�on�the�heat�release�rates�measured�during�fire�
tests�with�single�and�multiple�office�workstations�as�part�of�their�investigation�of�the�Cook�
County�Administration�Building�fire,�as�shown�in�Figures�7�and�8.��McGrattan�and�Boudin29�
report�on�efforts�to�model�office�workstation�fire�tests�with�the�FDS�fire�model�developed�at�
NIST,�as�shown�in�Figures�9�and�10.��These�office�workstation�fire�tests�verify�the�limited�active�
burning�duration�of�such�furnishings.���
�
�

26 Deposition testimony of Daniel Delargy (June 17, 2009), Mark Giannini, (June 29, 2009), Peter Hayden (May 20, 
2009),  Joseph Meola (June 24, 2009) and Anthony Varriale (June 9, 2009).  
27 Madryzkowski, D., “Office Workstation Heat Release Rate Study: Full Scale vs. Bench Scale,” Interflam ’96,
1996, pp. 47-55 
28 Madryzkowski, D., and Walton, W.D., “Cook County Administration Building Fire, 69 West Washington, 
Chicago, Illinois, October 17, 2003: Heat Release Rate Experiments and FDS Simulations,” NIST Special 
Publication SP-1021, July 2004. 
29 McGrattan, K., and Boudin, C., “Simulating the Fires in the World Trade Center,” Interflam '04, pp. 999-1008 
2004. 
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�
Figure�6.�Measured�heat�release�rates�for�2�,�3�,�and�4�sided�office�workstations.�(27)�

�

�
Figure�7.�Measured�heat�release�rate�history�for�single�workstation�fire�test.�(28)�
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�

�
Figure�8.�Measured�heat�release�rate�history�for�multiple�(4)�workstation�fire�test.�(28)�

�

�
Figure�9.�Measured�and�simulated�heat�release�rates�for�multiple�(3)�workstation�fire�test.�(29)�
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�
Figure�10.�Measured�and�simulated�temperatures�for�multiple�(3)�workstation�fire�test.�(29)�

�
5.2��Fire�Spread�on�the�9th�and�12th�Floors�
�
Figures�11�and�12�show�the�approximate�floor�plans�of�the�9th�and�12th�floors�of�WTC7,�
respectively.��The�9th�floor�was�occupied�by�the�U.S.�Secret�Service;�the�12th�floor�was�occupied�
by�the�Securities�and�Exchange�Commission.��There�is�no�evidence�to�suggest�that�the�fuel�loads�
on�these�floors�were�different�from�what�would�normally�be�expected�in�an�office�occupancy.���
�

�
Figure�11.�Approximate�floor�plan�of�the�9th�floor�of�WTC7.��
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�

�
Figure�12.�Approximate�floor�plan�of�the�12th�floor�of�WTC7.�

�
For�offices,�the�NFPA�Handbook30�indicates�an�average�fuel�load�density�of�420�MJ/m2�of�floor�
area�with�an�80%�fractile�of�511�MJ/m2.��Assuming�a�heat�of�combustion�of�15�MJ/kg�of�wood,�
this�80%�fractile�value�equates�to�a�fire�load�of�34.1�kg/m2�or�7.0�lb/ft2.��The�NFPA�Handbook31�
also�indicates�a�mean�total�fire�load�of�7.3�lb/ft2�for�offices�in�government�buildings�based�on�a�
survey�of�342�rooms�and�a�mean�total�fire�load�of�7.7�lb/ft2�for�offices�in�private�buildings�based�
on�a�survey�of�479�rooms.��For�the�fire�modeling�described�in�the�next�subsection�of�this�report,�
a�fire�load�of�7.5�lb/ft2�(36.6�kg/m2)�has�been�used.��Using�the�concept�of�equivalent�fire�severity�
developed�by�NBS,�this�fire�load�equates�to�an�equivalent�fire�severity�of�approximately�45�
minutes�in�the�ASTM�E119�test.32��Structural�elements�and�assemblies�with�fire�resistance�
ratings�of�2��to�3�hours�should�be�able�to�withstand�such�exposures�without�losing�their�
structural�integrity�if�they�are�properly�designed�and�constructed.�
�
Figures�13�and�14,�prepared�by�GNA,�summarize�the�photographic�evidence�of�the�fires�on�the�
9th�and�12th�floors,�respectively.��The�GNA�analysis�shows�that�fire�on�the�9th�floor�progressed�
clockwise�from�west�to�east�along�the�north�façade.��The�first�visual�evidence�of�fire�occurs�at�
approximately�3:55�PM�and�the�last�visual�evidence�of�burning�fire�occurs�at�approximately�4:38�
PM�on�this�floor.��The�fire�on�the�12th�floor�progressed�counter�clockwise,�with�the�first�visual�
evidence�of�fire�on�the�east�façade�occurring�at�approximately�2:00�PM�and�the�last�visual�
evidence�of�burning�occurring�in�the�northwest�corner�of�the�building�at�about�5:00�PM.��This�
photographic�evidence�generally�shows�the�presence�of�active�burning�in�any�one�location�on�
Floors�9�and�12�for�a�period�of�less�than�30�minutes,�a�period�consistent�with�the�durations�
demonstrated�in�the�workstation�fire�tests�referenced�above.�

30 Table 19.5.1, Fire Protection Handbook, 20th edition, National Fire Protection Association, 2008. 
31 Table 18.1.2, Fire Protection Handbook, 20th edition, National Fire Protection Association, 2008. 
32 Table 18.1.1, Fire Protection Handbook, 20th edition, National Fire Protection Association, 2008. 
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5.3��FDS�Simulation�of�12th�Floor�Fire�Effects�
�
Arup�was�commissioned�to�perform�simulations�of�fire�effects�on�the�12th�floor.�For�these�
simulations,�the�Fire�Dynamics�Simulator�(FDS�v5.3.1)�developed�by�NIST�was�used.��Available�
photographic�evidence�and�information�regarding�the�layout�of�the�12th�floor�were�used�as�
bases�for�these�FDS�simulations.��Details�of�the�FDS�simulations�conducted�by�Arup�are�provided�
in�Exhibit�C�of�this�report.�
�
The�FDS�model�was�used�to�simulate�a�seven�hour�long�fire�incident,�starting�at�approximately�
10:30�AM,�corresponding�to�the�time�when�the�WTC1�tower�collapsed,�and�ending�at�5:30�PM,�
corresponding�to�the�approximate�time�when�the�WTC7�building�collapsed.��An�initiating�fire�
was�specified�in�the�area�of�the�southwest�corner�of�the�12th�floor.��A�fuel�load�of�7.5�lb/ft2�was�
prescribed�throughout�the�occupied�areas�of�the�12th�floor,�with�the�fire�spreading�through�the�
prescribed�fuel�load.��A�window�breakage�sequence�was�also�prescribed�in�the�FDS�model�based�
on�the�window�breakage�sequence�observed�in�the�photographic�analysis�of�the�12th�floor�fire.�
�
Figures�15�through�21�show�comparisons�of�the�visual�evidence�of�fire�along�the�east�and�north�
facades�at�the�different�times�identified�in�the�figures.��These�figures�summarize�the�results�of�
the�GNA�photographic�analysis�and�the�Arup�FDS�simulation.��The�figures�show�that�the�FDS�
simulations�results�are�consistent�with�the�photographic�evidence�in�terms�of�the�visual�
observations�of�fire�in�different�windows�at�different�times.�
�
�

�
Figure�15.�Comparison�of�visual�evidence�with�FDS�simulation�at�2:08�PM.�

�
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�
Figure�16.�Comparison�of�visual�evidence�with�FDS�simulation�at�2:28�PM.�

�

�
Figure�17.�Comparison�of�visual�evidence�with�FDS�simulation�at�2:57�PM.�
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�
Figure�18.�Comparison�of�visual�evidence�with�FDS�simulation�at�3:10�PM.�

�

�
Figure�19.�Comparison�of�visual�evidence�with�FDS�simulation�at�3:41�PM.�
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�

�
Figure�20.�Comparison�of�visual�evidence�with�FDS�simulation�at�4:15�PM.�

�

�
Figure�21.�Comparison�of�visual�evidence�with�FDS�simulation�at�5:00�PM.�
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�
Figure�22�shows�the�estimated�heat�release�rate�calculated�in�the�FDS�simulation�of�the�12th�
floor�fire.��The�FDS�simulation�calculates�a�large�increase�in�the�estimated�heat�release�rate�
starting�just�before�3:00�PM;�this�increase�is�associated�with�the�large�number�of�windows�
breaking�along�the�north�façade�starting�at�2:57�PM.�
�

�
Figure�22.�Estimated�heat�release�rate�history�for�the�FDS�simulation.�

�
For�the�structural�fire�analyses�conducted�by�Arup�and�discussed�in�the�expert�report�of�Prof.�
Colin�Bailey,�the�eastern�part�of�the�structure�was�modeled.��The�approximate�area�of�this�part�
of�the�structure�is�highlighted�in�Figure�23.��Figure�24�shows�the�peak�1�hour�rolling�average�gas�
temperatures�calculated�at�each�elevation�in�the�FDS�simulation�throughout�this�highlighted�
area.��The�average�value�of�the�peak�1�hour�rolling�average�gas�temperature�was�537°C,�with�
higher�temperatures�occurring�closer�to�the�ceiling�and�lower�temperatures�occurring�closer�to�
the�floor.��The�temperatures�at�the�highest�two�measurement�elevations�of�2.8�m�and�3.2�m�
above�the�floor�were�within�the�range�of�700�to�800°C,�as�shown�in�Figure�24.��Since�these�
elevations�are�in�closest�proximity�to�the�floor�assemblies�above,�gas�temperatures�of�700°C�
and�800°C�for�a�period�of�1�hour�were�selected�to�bracket�the�exposure�conditions�used�for�the�
structural�fire�analyses.��
�
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�
Figure�23.�WTC7�floor�plan�with�approximate�structural�fire�analysis�area�highlighted�in�red.�

�
�

�
Figure�24.�Peak�1�hour�rolling�average�temperatures�at�each�monitoring�elevation�within�area�

highlighted�in�Figure�23.�
�
5.4� Relationship�between�9th�and�12th�Floor�Fires�
�
The�FDS�simulation�of�the�12th�floor�fire�effects�is�based�on�the�observed�window�breakage�
sequence�for�the�12th�floor.��As�noted�in�Figures�13�and�14,�the�fire�in�the�northeast�quadrant�on�
the�9th�floor�occurred�later�than�the�fire�on�the�12th�floor�in�this�area.��The�fire�on�the�9th�floor�
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also�spread�from�west�to�east�along�the�north�façade�of�the�building�rather�than�from�east�to�
west�as�on�the�12th�floor.��The�fire�loads�and�time�frames�for�these�traveling�fires�are�similar�to�
each�other,�so�the�fire�conditions�for�these�fires�are�expected�to�be�similar�to�each�other.��
Consequently,�the�parametric�fire�conditions�used�for�the�structural�fire�analyses�described�in�
the�following�section�can�be�used�to�analyze�the�structural�impact�of�the�fire�on�the�9th�floor�as�
well�as�the�fire�on�the�12th�floor.��
�
5.5��Parametric�Fire�Conditions�Used�for�Structural�Fire�Analyses�
�
Two�temperature�histories�were�selected�to�represent�the�gas�phase�boundary�conditions�for�
the�structural�fire�analyses�conducted�as�part�of�this�investigation.��These�gas�temperature�
histories�were�represented�as�a�temperature�of�either�700°C�or�800°C�for�a�period�of�1�hour,�
followed�by�a�temperature�of�20°C�for�another�hour,�as�shown�in�Figure�25.��The�step�change�in�
gas�temperature�to�20°C�after�1�hour�is�faster�than�would�be�expected,�but�the�net�effect�of�this�
is�simply�to�accelerate�the�cooling�that�would�be�experienced�by�structural�elements�once�a�fire�
burns�out.��
�

�
Figure�25.�Gas�temperature�histories�used�for�structural�fire�analyses.�

�
5.6��Structural�Element�Temperatures�Used�for�Structural�Fire�Analyses�
�
The�temperatures�of�structural�elements�were�calculated�in�response�to�the�gas�phase�
temperatures,�shown�in�Figure�25,�based�on�the�sizes�of�the�different�structural�elements�and�
the�extent�of�SFRM�applied�to�the�elements.��A�number�of�different�cases�have�been�calculated�
to�represent�different�heating�conditions.��These�cases�are�illustrated�in�Figure�26.��
�
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�
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�
�
�(A)��� � � ����(B)� � � �����(C)� � � �������(D)�

�
Figure�26.�Illustration�of�cases�used�to�represent�structural�element�heating�conditions.�

�
Case�A�represents�an�element�that�is�insulated�with�SFRM�on�all�four�sides�and�is�exposed�to�fire�
conditions�on�all�four�sides.��Case�B�represents�an�element�that�is�insulated�with�SFRM�on�three�
sides�and�is�exposed�to�fire�conditions�on�three�sides,�with�the�fourth�side�assumed�to�be�in�
contact�with�the�floor�slab�being�supported.��This�case�is�representative�of�filled�cavities�
between�beams�and�fluted�metal�decks.��Case�C�represents�an�element�that�is�insulated�with�
SFRM�on�three�sides�and�is�exposed�to�fire�conditions�on�all�four�sides.�This�case�represents�the�
extreme�condition�for�Case�D.��Case�D�represents�an�element�that�is�insulated�with�SFRM�on�
three�sides�and�is�partially�in�contact�with�a�fluted�deck�on�the�fourth�side;�this�element�is�fully�
exposed�to�fire�conditions�on�the�three�sides�insulated�with�SFRM�and�partially�exposed�to�fire�
conditions�on�the�fourth�side,�not�insulated�with�SFRM.��This�case�is�representative�of�unfilled�
cavities�between�beams�and�fluted�metal�decks.��The�Case�D�schematic�diagram�in�Figure�26�
shows�the�fluted�decking�in�parallel�with�the�beam�axis�for�illustrative�purposes�only;�the�
analysis�is�based�on�the�decking�being�perpendicular�to�the�beam�axis.�
�
Heat�transfer�analyses�were�conducted�for�these�four�cases�at�the�University�of�Edinburgh,�with�
results�of�these�analyses�provided�in�Exhibit�D.��These�heat�transfer�analyses�were�performed�to�
calculate�the�temperature�histories�of�structural�elements�with�different�section�sizes�and�
insulation�thicknesses�in�response�to�the�two�boundary�conditions�represented�in�Figure�24.��A�
two�dimensional�heat�transfer�model�for�Cases�(A),�(B)�and�(C)�was�developed�for�different�
section�sizes�using�ABAQUS�and�thermal�properties�for�the�SFRM�insulation�material.�A�three�
dimensional�heat�transfer�model�was�developed�for�Case�(D);�this�model�covered�approximately�
40�contact�areas�between�the�beam�and�the�trapezoidal�metal�deck�to�assure�that�the�heat�
transfer�effects�of�the�deck�could�be�defined�accurately�without�any�axial�boundary�condition�
effects.���
�
A�representative�result�for�the�Case�D�analysis�is�shown�in�Figure�27,�which�shows�that�the�heat�
distributes�fairly�evenly�in�the�upper�flange�and�the�main�temperature�gradient�is�in�the�vertical�
direction.�From�this,�it�was�established�that�three�average�temperatures�could�be�used�to�
describe�the�temperature�of�a�steel�section�for�the�Case�D�analyses.�The�three�temperatures�are�
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labeled�Ttop�for�the�upper�flange�temperature,�Tmiddle�for�the�middle�web�temperature�and�
Tbottom�for�the�lower�flange�temperature.�
�
A�one�dimensional�lumped�capacity�analysis�was�also�performed�for�Case�(A);�this�lumped�
capacity�analysis�followed�the�step�by�step�method�outlined�in�Section�8.4.6�of�Buchanan’s�
book�Structural�Design�for�Fire�Safety.�The�expression�used�for�this�lumped�capacity�analysis�
was�of�the�form:�
�

���
���
�� � 	
�����


�����
� �
�� � 	 ��

��
��� � ���� ��� � � � � � (1)�

�
where�di�is�the�insulation�thickness,�Tg�is�the�gas�temperature,�TS�is�the�steel�temperature,�W�is�
the�weight�per�unit�length�of�the�steel�member�and�D�is�the�heated�perimeter�of�the�member.�
Subscript�“s”�is�for�steel�and�subscript�“i”�is�for�insulation.�The�boundary�condition�is�set�as�the�
gas�temperature�at�the�surface�for�the�analytical�expression,�while�for�the�ABAQUS�analysis�a�
total�heat�transfer�coefficient�of�45�W/m2K�is�used.�
�

�
�

Figure�27.�Representative�calculated�3�D�temperature�distribution�for�a�beam�in�Case�D.�
�
Figure�28�shows�an�example�of�the�structural�element�temperatures�specified�in�the�structural�
fire�analysis.��This�example�shows�the�temperature�history�for�the�W33x130�girder�between�
Columns�44�and�79�for�the�800°C�exposure�condition.��This�figure�shows�that�the�top�flange�
temperature�is�much�higher�for�the�unfilled�flute�case�than�for�the�filled�flute�case,�which�is�
assumed�to�have�a�uniform�temperature�through�the�steel�section.��
�
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�
�

Figure�28.�Representative�girder�temperatures�under�800°C�exposure�condition�for�flute�filled�
and�unfilled�cases.��

�
Figure�29�shows�another�example�of�the�structural�element�temperatures�specified�in�the�
structural�fire�analysis,�in�this�case�for�Column�79�insulated�with�7/8�in.�of�SFRM�material.��As�
noted�in�this�figure,�the�columns�remain�cool�relative�to�the�beam�temperatures�due�to�the�
large�column�section�sizes,�associated�thermal�mass�and�applied�fireproofing.�
�

�
Figure�29.�Representative�column�temperature�under�800°C�exposure�condition.��

�
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Concrete�temperature�gradients�were�also�calculated�at�the�University�of�Edinburgh�with�the�
ABAQUS�model�for�the�two�exposure�conditions�shown�in�Figure�25.��For�these�calculations,�an�
equivalent�uniform�slab�thickness�of�4�in.�was�assumed�to�represent�the�2.5�in.�concrete�on�the�
3�in.�deep�fluted�metal�deck.��The�results�are�shown�in�Figure�30�for�the�800°C�exposure�
condition.�
�

�
�

Figure�30.�Calculated�concrete�slab�temperatures�for�800°C�exposure�condition.�
�
The�structural�steel�and�concrete�temperatures�calculated�in�these�heat�transfer�analyses�were�
used�in�the�structural�fire�analyses�performed�by�Arup�and�described�by�Prof.�Colin�Bailey�in�his�
expert�report.�
�
5.7� Imposed�Heat�Load�Analysis�
�
An�imposed�heat�load�analysis�was�performed�to�compare�the�fire�exposure�conditions�used�for�
the�parametric�analyses�with�those�associated�with�the�ASTM�E119�standard�time�temperature�
curve.��The�basic�premise�of�this�imposed�heat�load�analysis�is�that�a�building�assembly�or�
element�with�a�specified�fire�resistance�rating�should�be�able�to�withstand,�without�loss�of�
structural�integrity,�the�imposed�heat�load�associated�with�the�ASTM�E119�standard�time�
temperature�curve�for�the�period�of�its�fire�resistance�rating.��For�comparison�purposes,�this�
imposed�heat�load�is�defined�as�the�area�under�the�blackbody�emissivity�curve�associated�with�a�
specified�time�temperature�history.��This�is�expressed�mathematically�as:�
�

�� � � � !"�
# �! � � $� !"%�

# �!� � � � � � � (2)�
�
where����is�the�imposed�heat�load�(MJ/m2),�E�is�the�blackbody�emissivity�of�the�fire�gases�
(kW/m2),���is�the�Stefan�Boltzmann�constant�(5.67�x�10�14�MW/m2.K4),�and�T(t)�is�the�absolute�
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temperature�(K)�of�the�fire�gases�as�a�function�of�time.��This�relationship�assumes�(1)�that�the�
imposed�heat�load�is�dominated�by�radiation,�which�is�generally�true�at�post�flashover�fire�
temperatures,�(2)�that�the�fire�gases�emitting�radiation�to�the�building�assembly�are�optically�
thick,�such�that�their�emissivity�approaches�unity,�and�(3)�that�the�building�assembly�only�“sees”�
these�optically�thick�fire�gases.���
�
The�imposed�heat�load�calculated�in�accordance�with�Equation�2�for�the�ASTM�E119�standard�
time�temperature�curve�is�shown�in�Table�1�for�a�period�of�4�hours�and�in�Figure�31�for�a�period�
of�2�hours.�
�
The�two�parametric�time�temperature�histories�shown�in�Figure�25�were�used�to�define�the�
exposure�boundary�conditions�for�the�structural�fire�analyses�conducted�by�Arup.��For�Cases�1�
(flutes�unfilled)�and�2�(flutes�filled)�of�the�Arup�structural�fire�analyses,�the�gas�temperature�was�
specified�to�be�constant�at�700°C�for�a�period�of�1�hour,�followed�by�20°C�for�a�period�of�1�hour.��
For�Cases�3�(flutes�unfilled)and�4�(flutes�filled)�of�the�Arup�structural�fire�analyses,�the�gas�
temperature�was�specified�to�be�constant�at�800°C�for�a�period�of�1�hour,�followed�by�20°C�for�
a�period�of�1�hour.��These�alternative�time�temperature�curves�and�associated�imposed�heat�
loads�are�shown�in�Table�2�and�Figure�32�for�the�700°C�exposure�condition�and�in�Table�3�and�
Figure�33�for�the�800°C�exposure�condition.�
�
�
�

Table�1.�Imposed�heat�load�for�the�ASTM�E119�standard�time�temperature�curve�

Time�(min)�
Temp�rise�
(deg�C)� � Time�(s)

Temp���
(deg�C)�

Blackbody�
emissivity�
(kW/m2)�

Cumulative�imposed�
heat�load�(MJ/m2)�

0� 0� � 0� 20� 0.42� 0.00�
5� 556� � 300� 576� 29.48� 4.48�
10� 659� � 600� 679� 46.60� 15.90�
15� 718� � 900� 738� 59.27� 31.78�
30� 821� � 1800� 841� 87.37� 97.77�
60� 925� � 3600� 945� 124.85� 288.76�
90� 986� � 5400� 1006� 151.80� 537.75�
120� 1029� � 7200� 1049� 173.26� 830.30�
180� 1090� � 10800� 1110� 207.52� 1515.71�
240� 1133� � 14400� 1153� 234.55� 2311.45�

�
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Figure�31.�Imposed�heat�load�for�the�ASTM�E119�standard�time�temperature�curve.�
�
�
�
�

Table�2.�Alternative�time�temperature�curve�–�700C�for�1�hour�
Time�(s)� Temp���

(deg�C)�
Blackbody�
emissivity�
(kW/m2)�

Imposed�heat�load�
(MJ/m2)�

0� 700� 50.85� 0.00�
300� 700� 50.85� 15.26�
600� 700� 50.85� 30.51�
900� 700� 50.85� 45.77�
1800� 700� 50.85� 91.53�
3600� 700� 50.85� 183.06�
3601� 20� 0.42� 183.09�
5400� 20� 0.42� 183.84�
7200� 20� 0.42� 184.60�
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Figure�32.�Imposed�heat�load�associated�with�the�700°C�time�temperature�curve.�
�
�
�

Table�3.�Alternative�time�temperature�curve���800�C�for�1�hour�
Time�(s)� Temp���

(deg�C)�
Blackbody�
emissivity�
(kW/m2)�

Imposed�heat�load�
(MJ/m2)�

0� 800� 75.20� 0.00�
300� 800� 75.20� 22.56�
600� 800� 75.20� 45.12�
900� 800� 75.20� 67.68�
1800� 800� 75.20� 135.36�
3600� 800� 75.20� 270.72�
3601� 20� 0.42� 270.76�
5400� 20� 0.42� 271.52�
7200� 20� 0.42� 272.27�
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�
Figure�33.�Imposed�heat�load�associated�with�the�800°C�time��temperature�curve.�

�
Figure�34�shows�a�comparison�of�the�imposed�heat�loads�for�the�standard�and�alternative�
boundary�conditions.��For�the�700°C�case,�the�imposed�heat�load�at�the�end�of�the�1�hour�
exposure�was�approximately�180�MJ/m2.��For�the�800°C�case,�the�imposed�heat�load�at�the�end�
of�the�1�hour�exposure�was�approximately�270�MJ/m2.��In�comparison,�the�imposed�heat�load�is�
approximately�290�MJ/m2�after�a�1�hour�exposure�to�the�ASTM�E119�standard�time�
temperature�curve�and�approximately�830�MJ/�m2�after�a�2�hour�exposure�to�the�ASTM�E119�
standard�time�temperature�curve.���
�
This�analysis�indicates�that�a�2�hour�rated�fire�assembly�should�be�able�to�withstand�an�imposed�
heat�load�of�approximately�830�MJ/m2�without�loss�of�structural�integrity.��The�Arup�structural�
fire�analyses�indicate�that�the�floor�assembly�in�the�northeast�area�of�the�13th�floor�of�WTC7�
would�have�failed�after�exposure�to�imposed�heat�loads�of�approximately�180�to�270�MJ/m2,�
values�considerably�lower�than�the�830�MJ/m2�associated�with�a�2�hour�exposure�to�the�ASTM�
E119�standard�conditions.���From�this,�it�is�reasonable�to�conclude�that�the�floor�assemblies�in�
the�northeast�area�of�the�WTC7�building�were�not�designed�and�constructed�in�a�manner�that�
would�have�provided�the�level�of�performance�expected�of�an�assembly�with�a�2�hour�fire�
resistance�rating.��
�
�
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�
Figure�34.�Comparison�of�imposed�heat�loads�for�standard�and�alternative�time�temperature�

curves.�
�
6.��Summary�of�Opinions�
�
Based�on�my�education�and�experience�in�the�fields�of�fire�protection�engineering�and�fire�
science,�my�review�of�the�documents�identified�in�Exhibit�A.2�or�in�this�report,�and�the�
information�included�in�the�previous�sections�of�this�report,�I�have�developed�the�following�
opinions�to�a�reasonable�degree�of�scientific�and�engineering�certainty.�
�

1. Very�tall�buildings,�such�as�the�WTC7�building,�are�generally�required�to�be�of�fire�
resistive�construction�(called�Type�I�in�some�building�codes),�one�of�several�construction�
types�recognized�by�the�Building�Code�of�the�City�of�New�York,�as�well�as�by�the�model�
building�codes�that�have�existed�in�the�United�States�for�much�of�the�past�century.��Fire�
resistive�buildings�should�be�able�to�withstand�the�fire�severity�resulting�from�complete�
combustion�of�the�contents�and�finish�involved�in�the�intended�occupancy�without�
collapsing.��The�WTC7�building�was�not�able�to�withstand�the�fire�severity�resulting�from�
complete�combustion�of�its�contents�without�collapsing,�thereby�violating�this�principle.���

2. WTC7�is�the�only�modern�fire�resistive�high�rise�building�in�the�United�States�that�has�
ever�suffered�global�collapse�as�a�direct�result�of�fire.��Other�modern�fire�resistive�high�
rise�office�buildings�have�suffered�uncontrolled�fires�on�multiple�floors,�but�these�
buildings�did�not�collapse�as�a�result�of�the�fires.��On�the�contrary,�these�buildings,�
particularly�the�FIB,�exhibited�the�type�of�performance�expected�of�fire�resistive�
buildings�when�subjected�to�uncontrolled�fires�by�maintaining�their�structural�integrity.�
This�exemplary�performance�record�for�fire�resistive�steel�framed�buildings�highlights�
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the�fact�that�the�WTC7�building�was�deficient�in�its�ability�to�withstand�the�impact�of�
fire.�

3. There�is�a�reasonable�expectation�that�firefighters�will�not�engage�in,�or�be�effective�in,�
offensive�firefighting�in�high�rise�buildings.��This�is�one�of�the�reasons�why�high�rise�
buildings�are�required�to�be�of�fire�resistive�construction.��Indeed,�firefighters�could�not�
reasonably�be�expected�to�enter�high�rise�buildings�to�fight�fires�if�their�structural�
stability�was�questionable.��There�have�been�a�number�of�serious�fires�in�high�rise�
buildings�where�firefighters�have�been�unable�to�suppress�the�fire�on�multiple�floors�of�
the�building.��Such�fires�resulted�in�complete�combustion�of�the�contents�occurred�on�
the�fire�affected�floors,�but�did�not�result�in�total�collapse�of�the�buildings.�

4. Because�a�high�rise�building�of�fire�resistive�construction�should�be�able�to�withstand�
complete�combustion�of�its�fuel�load�without�collapsing�and�with�no�intervention�by�
manual�firefighting�or�automatic�sprinkler�protection,�the�lack�of�manual�firefighting�and�
the�inoperative�automatic�sprinkler�protection�in�the�WTC7�building�on�September�11,�
2001,�should�not�have�caused�the�collapse�of�the�building.�

5. The�design�of�automatic�sprinkler�systems�in�the�United�States�anticipates�only�a�single�
fire�source.��Modern�automatic�sprinkler�systems�are�hydraulically�calculated�to�deliver�
the�designed�quantity�of�water�to�the�area�of�a�single�fire�source.��When�multiple�fires�
occur,�water�is�diverted�to�these�additional�fires,�thereby�decreasing�the�amount�of�
water�flowing�to�each�of�the�multiple�fire�sources�and�increasing�the�probability�that�the�
sprinkler�system�will�not�control�the�fires.�

6. Office�contents�fires�generally�burn�for�approximately�20�to�30�minutes�in�any�one�
location�until�the�fuel�is�consumed�and�then�move�on�to�the�next�area.��In�tall�buildings�
provided�with�a�proper�and�appropriate�level�of�fire�resistance,�ordinary�office�contents�
fires�normally�run�out�of�fuel�before�sufficient�structural�damage�can�weaken�steel�to�
such�an�extent�that�it�would�fail.�

7. The�photographic�and�video�evidence�of�the�fires�on�the�office�floors�in�WTC7�on�
September�11,�2001,�from�the�collapse�of�WTC1�until�approximately�5:00�PM,�shows�
that�these�fires�appear�to�have�been�travelling�fires�limited�to�a�few�office�floors.�The�
office�floors�in�WTC7�started�at�the�seventh�floor.���The�photographic�and�video�
evidence�of�the�fires�on�the�office�floors�of�WTC7�indicate�that�these�fires�were�
consistent�with�ordinary�office�contents�fires;�they�were�not�extraordinary�fires.���

8. After�3:30�PM,�photographic�evidence�shows�fires�and�smoke�consistent�with�a�
petroleum�based�diesel�fuel�fire�emanating�from�the�vicinity�of�the�fifth/sixth�floor�
louvers�on�the�east�side�of�WTC7.��Examples�of�this�are�shown�in�Images�7.E.01�to�7.E.04�
of�the�GNA�photographic�analysis�report�appended�as�Exhibit�B�to�this�report.��Four�of�
the�nine�generators�comprising�the�Salomon�Brothers’�Standby�Generator�System�were�
located�in�the�northeast�corner�of�the�fifth�floor.���
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9. The�Standby�Generator�System�installed�by�Solomon�Brothers�on�the�fifth�floor�of�WTC7�
constituted�an�electric�power�generating�plant�under�the�NYC�Building�Code.��As�such,�
the�area�surrounding�the�generators�and�associated�fuel�piping�required�a�higher�fire�
resistance�rating�than�the�rest�of�the�building.��There�is�no�evidence�to�indicate�that�this�
higher�level�of�fire�resistance�was�provided.�

10. WTC7�was�generally�classified�as�a�Group�E�occupancy.�As�an�electric�power�generating�
plant,�the�Salomon�Brothers’�Standby�Generator�System�was�classified�as�Group�D�1�
occupancy,�thus�mandating�3�hour�fire�resistive�separation�construction.�Absence�of�
such�3�hour�fire�resistive�separation�of�the�generator�spaces�on�the�fifth�floor�of�WTC7�
made�it�non�compliant�with�the�NYC�Building�Code.���

11. An�additional�violation�of�the�NYC�Building�Code�was�based�upon�misapplication�of�UL�
Design�No.�D739�to�achieve�the�2�hour�fire�resistance�rating�required�of�floor�assemblies�
in�buildings�of�Class�1B�construction.�The�level�of�fireproofing�applied�at�WTC7�would�
have�been�adequate�to�achieve�a�2�hour�fire�resistance�rating�only�if�the�floor�assembly�
were�classified�as�“restrained.”���

12. The�Design�Information�Section�in�the�1983�edition�of�the�UL�Fire�Resistance�Directory�
provided�the�following�definition�for�restraint�in�buildings:�“Floor�and�roof�assemblies�
and�individual�beams�in�buildings�shall�be�considered�restrained�when�the�surrounding�
or�supporting�structure�is�capable�of�resisting�substantial�thermal�expansion�throughout�
the�range�of�anticipated�elevated�temperatures.�Constructions�not�complying�with�this�
definition�are�assumed�to�be�free�to�rotate�and�expand�and�shall�therefore�be�
considered�as�unrestrained.”�Based�on�computer�modelling�completed�to�date,�the�
structure�was�not�capable�of�resisting�substantial�thermal�expansion�throughout�the�
range�of�anticipated�temperatures.��Therefore,�the�floor�assemblies�and�beams�should�
have�been�considered�as�unrestrained.��

13. Given�that�WTC7�constituted�an�unrestrained�assembly,�the�UL�Design�No.�D739�only�
achieved�a�fire�resistance�rating�of�only�1�hour,�which�would�not�have�qualified�it�for�use�
in�a�building�of�Type�1B�construction.��

14. The�problem�of�inadequate�fireproofing�was�compounded�by�the�long�floor�spans�in�the�
northeast�corner�of�the�WTC7.���The�designer�should�have�evaluated�the�potential�
effects�of�the�long�span�beams�and�girders�on�the�expected�fire�performance�of�the�floor�
assemblies�in�the�WTC7�building,�particularly�with�respect�to�the�issue�of�thermal�
restraint.��There�is�no�evidence�to�indicate�that�this�was�done;�if�it�was,�then�the�
designer�failed�to�appreciate�the�implications�of�these�issues.��

15. The�sprayed�on�fireproofing�material�was�not�properly�or�adequately�applied�to�the�
fluted�steel�decking�and�floor�support�structural�steel�beams�and�girders�as�required�by�
the�project�specifications�because�the�cavities�between�the�upper�beam�flanges�and�the�
fluted�steel�deck�were�not�filled�with�the�fire�protection�material�applied�to�the�beam�as�
required�in�the�UL�Fire�Resistance�Directory.���
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16. Failure�to�construct�the�WTC�7�with�the�flute�cavities�above�the�beams�and�girders�filled�
with�the�fire�protection�material�applied�to�the�beams,�as�required�by�the�UL�Fire�
Resistance�Directory�listing�for�the�selected�floor�assembly�and�the�project�specification,�
reduced�the�fire�resistance�of�the�beams,�girders�and�floor�assemblies�below�the�level�
that�would�have�been�achieved�if�these�cavities�had�been�properly�filled�in�compliance�
with�the�requirements�of�the�NYCBC.���

17. The�failure�to�fill�the�flute�cavities�with�the�fire�protection�material�applied�to�the�
beams,�as�required,�permitted�the�girders�and�beams�to�heat�up�more�quickly�than�
expected�when�exposed�to�ordinary�office�contents�fires.��This�more�rapid�heating�
would�cause�the�girders,�beams�and�floor�assemblies�to�fail�more�quickly�than�expected�
when�subjected�to�such�a�fire.��

18. Computer�modelling�completed�to�date�indicates�that�the�improper�and�inadequate�
fireproofing�of�the�floor�assemblies�in�the�WTC7�building�caused�a�failure�which�led�to�
the�global�collapse�of�the�building.�

�
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Exhibit A.1 
Curriculum Vita 

FREDERICK W. MOWRER 
Academic Degrees:

 1987  Ph.D., Fire Protection Engineering and Combustion Science 
   University of California, Berkeley 
 1981  M.S., Engineering
   University of California, Berkeley 
 1976  B.S. (with High Honors), Fire Protection and Safety Engineering 
   Illinois Institute of Technology 

Current Positions: Principal    Visiting Professor / Acting Director 
C P Fire, LLC    Fire Protection Engineering Programs 

   4101 College Heights Drive  California Polytechnic State University 
   University Park, Maryland 20782 San Luis Obispo, CA 93407 

Previous Positions:

 1987-2008 Assistant / Associate Professor  
   Department of Fire Protection Engineering 
   University of Maryland 
   College Park, Maryland  20742-3031  

 1983  Lecturer, Department of Civil Engineering 
   University of California, Berkeley 
   Berkeley, California  94720 

 1982-1983 Associate Specialist, College of Engineering 
   University of California, Berkeley 
   Berkeley, California  94720 

 1980-1987 Fire Protection Engineer 
   Pleasant Hill, California 94523  

 1978-1980 Fire Protection Engineer / Building Code Consultant 
   Rolf Jensen and Associates, Inc. 
   Washington, DC and San Francisco, California 

 1976-1978 Engineering Representative / Staff Supervisor 
   Insurance Services Office - Southeastern Regional Office 
   Atlanta, Georgia 

Professional   Registered Fire Protection Engineer (#1094) 
Registration:  State of California
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 Professional Service:

 1978-Present Society of Fire Protection Engineers 

   1987-1989 Computer Committee 
   1988-1994 Research Committee 
   1989-1994 Education Registration Committee 
      Subject Matter Expert - Fire Dynamics 
   1992-1994 Nominating Committee 
   1995-2003 Board of Directors 
   1995-2000 Vice President 

1998-2000 Chair – Technical Steering Committee 
2001  President-elect  
2002 President 
2003 Immediate Past President   

   2004-Present Technical Steering Committee member 
     2006-Present: Chair 

1978-Present National Fire Protection Association 

   1990-Present Research Section 
     1992-1994 Chairman 
     1990-1992 Vice-Chairman 

1992-1994 Task group on smoke management in large spaces 
1999-2009 Technical Committee on Fire Tests 
2005-2009 Chair, Research Advisory Committee 
  Fire Protection Research Foundation 

1988-2000
2008-Present International Association for Fire Safety Science 

   1988-1994 Auditor 
1989-1994 Working group-model curriculum development 
2008-Present Committee member 

2000-2002 International Standards Organization 

  2000-2002 Convenor – TC 92 / SC 4 / WG 9 
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Awards and Honors:

2009 Emeritus status, Department of Fire Protection Engineering,
University of Maryland 

2007 FM Global Best Paper Award, 5th International Seminar on Fire and 
Explosion Hazards, Edinburgh, Scotland 

2002 Harry C. Bigglestone Award for excellence in written communication of 
fire protection concepts in Fire Technology

2000 Best Technical Paper presented at the 8th International Conference on 
Nuclear Engineering ICONE-8 

1999 Fellow, Society of Fire Protection Engineers 
1991 Harry C. Bigglestone Award for excellence in written communication of 

fire protection concepts in Fire Technology
1988 Harry C. Bigglestone Award for excellence in written communication of 

fire protection concepts in Fire Technology
1976 Outstanding Senior Award - Society of Fire Protection Engineers - 

Chicago Chapter 
1976 Clinton Stryker Award for outstanding service to the IIT community 
1974 Tau Beta Pi National Engineering Honor Society 
1974 Salamander Honorary Fire Protection Engineering Society 
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SELECTED PUBLICATIONS 

1. F.L. Fisher, F.W. Mowrer and R.B. Williamson, “A Room Fire Screening Test Procedure,” Fire Technology,
Vol. 19, No. 4, pp. 238-250, November 1983. 

2. R.B. Williamson, F.W. Mowrer and F.L. Fisher, “Observations of Large Scale Turbulence in Corner-Wall 
Experiments,” Combustion Science and Technology, Vol. 41, pp. 83-99, 1984. 

3. F.W. Mowrer and R.B. Williamson, “Estimating Room Temperatures from Fires along Walls and in Corners,” 
Fire Technology, Vol. 23, No. 2, pp. 133-145, May 1987. (Recipient of 1988 Harry C. Bigglestone Award) 

4. F.W. Mowrer and R.B. Williamson, “Room Fire Modeling within a Computer-aided Design Framework,” Fire
Safety Science-Proceedings of the Second International Symposium, Hemisphere Publishing Corporation, New 
York, 1989, pp. 453-462. 

5. N.J. Brown, R.L. Dod, F.W. Mowrer, T. Novakov and R.B. Williamson, “Smoke Emission Factors from 
Medium Scale Fires, Part 1,” Aerosol Science and Technology, Vol. 10 1989, pp. 2-19. 

6. N.J. Brown, R.L. Dod, F.W. Mowrer, T. Novakov and R.B. Williamson, “Smoke Emission Factors from 
Medium Scale Fires, Part 2,” Aerosol Science and Technology, Vol. 10 1989, pp. 20-37. 

7. C.M. Fleischmann, R.L. Dod, N.J. Brown, T. Novakov, F.W. Mowrer and R.B. Williamson, “The Use of 
Medium Scale Experiments to Determine Smoke Characteristics,” Characterization and Toxicity of Smoke, 
ASTM STP1082, H.K. Hasegawa, Ed., American Society for Testing and Materials, Philadelphia, 1990, pp. 147-
164. 

8. F.W. Mowrer and R.B. Williamson, “Methods to Characterize Heat Release Rate Data,” Fire Safety Journal,
Vol. 16, No. 5, 1990, pp. 367-387. 

9. F.W. Mowrer, “Lag Times Associated with Fire Detection and Suppression,” Fire Technology, Vol. 26, No. 3, 
August 1990, pp. 244-265. (Recipient of 1991 Harry C. Bigglestone Award) 

10. R.B. Williamson, A. Revenaugh and F.W. Mowrer, “Ignition Sources in Room Fire Tests and Some 
Implications for Flame Spread Evaluation,” Fire Safety Science - Proceedings of the Third International 
Symposium, Elsevier Science Publishers Ltd., 1991, pp. 657-666. 

11. F.W. Mowrer and R.B. Williamson, “Flame Spread Evaluation for Thin Interior Finish Materials,” Fire Safety 
Science - Proceedings of the Third International Symposium, Elsevier Science Publishers Ltd., 1991, pp. 689-
698. 

12. F.W. Mowrer, “Integration of Fire Models with the Design Process,” Fire Protection Handbook (17th Edition),
A.E. Cote, Ed.-in-Chief, National Fire Protection Association, 1991, pp. 10-113 - 10-123. 

13. F.W. Mowrer, “A Closed-Form Estimate of Fire-Induced Ventilation Through Single Rectangular Wall 
Openings,” Journal of Fire Protection Engineering, Vol. 4, No. 3, 1992, pp. 105-114. 

14. F.W. Mowrer, “Methods of Quantitative Fire Hazard Analysis,” EPRI TR-100443, Electric Power Research 
Institute, Palo Alto, CA, May 1992, 72 p. (Reprinted and distributed by Society of Fire Protection Engineers) 

15. J.A. Milke and F.W. Mowrer, “Computer-Aided Design for Smoke Management in Atria and Covered Malls,” 
ASHRAE Transactions, Vol. 100, No. 2, 1994. 

16. S.E. Magnusson, D.D. Drysdale, R.W. Fitzgerald, V. Motavelli, F.W. Mowrer, J.G. Quintiere and R.B. 
Williamson, “A Proposal for a Model Curriculum in Fire Safety Engineering,” Fire Safety Journal, Vol. 25, 
1995, pp. 1-88. 

17. F.W. Mowrer, “Enclosure Smoke Filling Revisited,” Fire Safety Journal, Vol. 33, 1999, pp. 93-114.

18. J.R. McGraw, Jr. and F.W. Mowrer, “Flammability and dehydration of painted gypsum wallboard subjected to 
fire heat fluxes,” 6th International Symposium on Fire Safety Science, Poitiers, France, 1999. 

19. F.W. Mowrer and V.B. Brannigan, “Carbon Monoxide Production, Transport and Hazard in Building Fires,” 
Carbon Monoxide Toxicity (D.G. Penney, MD, editor), CRC Press, 2000. 
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20. F. Joglar-Billoch, F.W. Mowrer and M. Modarres, “Description of a Two-Zone Fire Model for Hazard 
Screening,” Proceedings of ICONE 8 - 8th International Conference in Nuclear Engineering, April 2-6, 2000, 
Baltimore, MD. (Recipient of Best Technical Paper award) 

21. S.D. Wolin, N.L. Ryder, F. Leprince, J.A. Milke, F.W. Mowrer and J. Torero, “Measurements of Smoke 
Characteristics in HVAC Ducts,” Fire Technology, Vol. 37, No. 4, October 2001, pp. 363-395. (Recipient of 
2002 Harry C. Bigglestone Award) 

22. F.W. Mowrer, “Enclosure Smoke Filling and Management with Mechanical Ventilation,” Fire Technology,
Volume 38, No. 1, January 2002, pp. 33-56. 

23. H.E. Nelson and F.W. Mowrer, “Emergency Movement,” Chapter 3-14, SFPE Handbook of Fire Protection 
Engineering, 3rd Edition, National Fire Protection Association, 2002, pp. 3-367 – 3-380. 

24. J.A. Milke, J.L. Torero and F.W. Mowrer, “Use of Optical Density-Based Measurements as Metrics for Smoke 
Detectors,” Paper AC-02-8-2, ASHRAE Transactions: Symposia, American Society of Heating, Refrigeration 
and Air-conditioning Engineers, 2002, pp. 699-711. 

25. F.W. Mowrer, “Overview of Performance-Based Fire Protection Design,” Section 3, Chapter 14, Fire 
Protection Handbook, 19th edition, National Fire Protection Association, 2003. 

26. E. Avidor, F.J. Joglar-Billoch, F.W. Mowrer and M. Modarres, “Hazard Assessment of Fire in Electrical 
Cabinets,” Nuclear Technology, Vol. 144, No. 3, December 2003, pp. 337-356. 

27. F.W. Mowrer, “Fundamentals of the Fire Hazards of Materials,” Chapter 1, Handbook of Building Materials for 
Fire Protection, McGraw-Hill, 2004, pp. 1.1 – 1.50.  

28. F.W. Mowrer, “Flammability of Oil-based Painted Gypsum Wallboard Subjected to Fire Heat Fluxes,” Fire and 
Materials, Vol. 28, 2004, pp. 355-385. 

29. F.W. Mowrer, J.A. Milke and J.L. Torero, “A Comparison of Driving Forces for Smoke Movement in 
Buildings,” Journal of Fire Protection Engineering, Vol. 14, No. 4, 2004, pp. 237-264. 

30. F.W. Mowrer, “Analysis of Effective Thermal Properties of Thermally Thick Materials,” Fire Safety Journal,
Vol. 40, No. 5, 2005, pp. 395-410.  

31. F. Joglar, F.W. Mowrer and M. Modarres, “A Probabilistic Model for Fire Detection with Applications,” Fire
Technology, Vol. 41, No. 3, July 2005, pp. 151-172. 

32. F.W. Mowrer, “Thermal Response to Fire of Insulated Cylindrical Steel Elements,” Journal of Fire Protection 
Engineering, Volume 17, No. 2, May 2007, pp. 129-143. 

33. F.W. Mowrer and E.R. Rosenbaum, “Overview of Performance-Based Fire Protection Design,” Section 3, 
Chapter 11, Fire Protection Handbook, 20th edition, National Fire Protection Association, 2008. 

34. F.W. Mowrer, “Enclosure Smoke Filling and Fire-Generated Environmental Conditions,” SFPE Handbook of 
Fire Protection Engineering, 4th edition, 2009. 

35. F.W. Mowrer, “Driving Forces for Smoke Movement and Management,” Fire Technology, 45, 147–162, 2009. 
DOI: 10.1007/s10694-008-0077-1 

36. G. Rein, J.L. Torero, W. Jahn, J. Stern-Gottfried, N.L. Ryder, S. Desanghere, M. Lazaro, F. Mowrer, A. Coles, 
D. Joyeux, D. Alvear, J.A. Capote, A. Jowsey, C. Abecassis-Empis, P. Reszka, Round-Robin Study of a priori 
Modelling Predictions of The Dalmarnock Fire Test One, Fire Safety Journal , 44 (4) pp. 590-602, 2009. 
doi:10.1016/j.firesaf.2008.12.008 
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MISCELLANEOUS PUBLICATIONS

1. F.L. Fisher, F.W. Mowrer and R.B. Williamson, “ASTM E-119 Fire Endurance Tests of Flocon Inc.’s Gas 
Cylinder Storage Cabinets,” UCB Service to Industry Report No. 81-8, University of California, Berkeley, 
September, 1981. 

2. F.L. Fisher, F.W. Mowrer and R.B. Williamson “Large Scale Vertical Fire Spread Tests of STO Energy 
Conservation Inc.’s Exterior Wall Insulation System,” Service-to-Industry Report 82-1, Fire Test Laboratory, 
University of California, Berkeley, March 1982. 

3. F.L. Fisher, F.W. Mowrer and R.B. Williamson “Large Scale Vertical Fire Spread Tests of Insul/Crete 
Company Inc.’s Exterior Wall Insulation System,” Service-to-Industry Report 83-5, Fire Test Laboratory, 
University of California, Berkeley, March 1983. 

4. F.L. Fisher, F.W. Mowrer and R.B. Williamson “A Room Fire Screening Test Procedure,” WSS Paper 83-7,
Fall Meeting of the Western States Section, The Combustion Institute, Berkeley, 1983, 18 p. 

5. F.L. Fisher, F.W. Mowrer and R.B. Williamson “Fire Safety of Electrical Cabinets,” Final Report to U.S. 
Nuclear Regulatory Commission through Sandia National Laboratory, Lawrence Berkeley Laboratory, 
University of California, Berkeley, 1983, rev. 1984, 34 p. 

6. P. Loubal, F.W. Mowrer and R.B. Williamson “Microcomputer Based Stochastic Fire Spread Analysis,” Report 
UCB FRG 84-2, Presented at the National Bureau of Standards, October 17, 1984, University of California, 
Berkeley, 1984. 

7. F.W. Mowrer, F.L. Fisher and R.B. Williamson “Full Scale Room Flame Spread Experiments Using a Line 
Burner Ignition Source,” UCB FRG Report 84-1, Final Report to National Bureau of Standards, Center for Fire 
Research, University of California, Berkeley, Fire Research Group, 1984. 

8. R.L. Dod, L.A. Gundel, F.W. Mowrer, R.B. Williamson and T. Novakov “Size Fractionation of Black and 
Organic Particulate Carbon from Fires: Final Report,” Lawrence Berkeley Laboratory Report LBL-20654, UC-
11, Lawrence Berkeley Laboratory, University of California, Berkeley, 1985, 24 p. 

9. F.W. Mowrer and R.B. Williamson, “A Method to Characterize Heat Release Rate Data from Large-Scale 
Experiments,” presented at 1987 Combined Meetings of the Eastern Section of The Combustion Institute and 
the Annual Conference on Fire Research of the National Bureau of Standards, November 2-5, 1987, 4 p. 

10. R.L. Dod, N.J. Brown, F.W. Mowrer, R.B. Williamson and T. Novakov “Smoke Emission Factors from 
Medium Scale Fires: Part 2,” Report 24893, Lawrence Berkeley Laboratory, University of California, Berkeley, 
1988, 21 p. 

11. F.W. Mowrer, “Software Review: FOAMSTAT Fire Emergency and Preplanning Software,” Fire Technology,
Vol. 24, No. 1, February 1988, pp. 87-90. 

12. F.W. Mowrer, “Integration of Fire Models into the Design Process,” IFPEI-V, International Fire Protection 
Engineering Institute, Carleton University, Ottawa, Ontario, Canada, May 1989, 26 p. 

13. F.W. Mowrer, “Book Review: SFPE Handbook of Fire Protection Engineering,” Fire Technology, Vol. 25, No. 
2, May 1989, pp. 184-187. 

14. F.W. Mowrer, J.A. Milke and R.M. Clarke “Heavy Truck Fuel System Fire Safety Study,” DOT HS 807 484,
National Highway Traffic Safety Administration, U.S. Department of Transportation, August, 1989, 129 p. 

15. F.W. Mowrer, “A Comparison of Shoreside and Maritime Fire Protection Requirements,” Department of Fire 
Protection Engineering, University of Maryland, College Park, MD, September, 1989, 105 p. 

16. N. Lerner, R. Huey, M. Morrison and F.W. Mowrer, “Residential Smoke Alarms and Fire Safety for Older 
Adults,” Prepared for The National Institute on Aging, National Institutes of Health, Grant No. 1R43AG08151-
01, Comsis Corporation, Silver Spring, MD, June 1990, 89 p. 

17. F.W. Mowrer, “Methods of Quantitative Fire Hazard Analysis,” TR-100443, Electric Power Research Institute, 
Palo Alto, CA, May 1992, 72 p. 
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18. S.A. Denny and F.W. Mowrer, “Development of a Hypermedia Knowledge Base of Aircraft Fire Safety 
Regulations,” International Conference for the Promotion of Advanced Fire Resistant Aircraft Interior 
Materials, Federal Aviation Administration, Atlantic City, February 1993, 11 p. 
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- Mechanical�Drawings�(PANYNJ�0102082�–�0102130)�
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JA-3390

Case 11-4403, Document 77-2, 02/14/2012, 525376, Page21 of 164



Expert�Report� � C�P�Fire,�LLC�

February�15,�2010� � � Page�A12�

Cantor0006614�15,�Cantor0006588�89,�CANTOR0007057�59,�CANTOR0008430�32,�
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SOM0059122�23,�SOM0067807,�SOM0087666�68,�SOM0118312,�SPI014170�71,�SPI014723�
38,�SPI022876�80,�SPI022901�03,�SPI022919�23,�SPI022945�47)�

� � �� �� � � � � ��� � �
Photographs,�including�but�not�limited�to:�
�

- Tenant�Fit�Out�Photographs�(BERNSTEIN�0000001.01�–�0000206.02)�
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- CITI7WTC0096873���97118,�PANYNJ9000001�9239�

Testwell�Craig�Laboratories,�Inc.�Inspection�Reports�for�fireproofing�(including�but�not�limited�to�
CANTOR0012002,�CANTOR0012016�17,�CANTOR0012020�21,�CANTOR0012038,�
CANTOR0012272�3,�CANTOR0012471m,�CANTOR0012530�1,�CANTOR0012814�5,�
CANTOR0012835�6,�CANTOR0014458�60,�CANTOR0014739,�CANTOR0014741�43,�
CANTOR0014957�58,�CANTOR0015199�202,�CANTOR0015939,�CANTOR0016277,�
CANTOR0016280�81,�CANTOR0016492�97,�CANTOR0020734�35,�CANTOR0020740�45,�
CANTOR0020989�21000,�CANTOR0023713�14,�CANTOR0023719�20,�CANTOR0025255�76,�
CANTOR0026207�16,�SOM0070297,�SOM0087666�68)�

�
Video�footage�of�WTC7�collapse�
�
�
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Exhibit A.3 
Rate schedule 

I have been compensated at the rate of $250 - $295 per hour for time spent working on 
this project.  Reimbursable expenses are being charged at actual cost plus ten percent.
Automobile mileage is charged at the current standard mileage rate established by the 
Internal Revenue Service. 
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Exhibit A.4 
Schedule of testimony 

February 1, 2006 – January 31, 2010 

Case�or�File�Name�
Court�

Date�of�
Testimony�

Type�of�
Testimony�

On�Behalf�of�

CAMP�TAKAJO,�INC.�V.�
SIMPLEXGRINNELL,�LP,�AND�PITRE�
PAINTING�CO.,�INC.�

SUPERIOR�COURT�
CIVIL�ACTION�
Docket�No.��CV�04�773,�State�of�
Maine�

Oct�2005�
Mar�2007�

Deposition�
Trial�

Plaintiff�

DEERE�&�COMPANY,�INC.,�V.�
PETERSEN�PROPERTIES,�LC,�

Iowa�District�Court�
for�Scott�County�
LAW�NO.�100203�

6&7�Jul�2006�
4�Aug�2006�
Mar�2007�

Deposition� Plaintiff�/�
Counterclaim�
Defendant�

J.�Scott�Rutherford,�III,�et�al.�v.�Texas�
Industries,�Inc.,�et�al.�

68th�Judicial�District�Court,�
Dallas�County,�Texas,�
Cause�No.�03�864�C�

1�Sept�2006� Deposition� Defendant�

Citizens�Insurance�Company�of�
America,�v.�Brigade�Fire�Protection�
Inc.,�et�al.�

CIRCUIT�COURT�FOR�COUNTY�OF�
LEELANAU,�State�of�Michigan�
File�No.�06�7311�NZ�

25�May�2007� Deposition� Plaintiff�

The�Travelers�Indemnity�Company,�
v.�Coakley�&�Williams�Construction,�
Inc.,�et�al.��

CIRCUIT�COURT�FOR�PRINCE�
GEORGE'S�COUNTY,�MARYLAND�

9�May�2008� Deposition� Plaintiff�

Liberty�Mutual�Fire�Insurance�
Company�as�Subrogee�of�Heat�
Treating�Service�Corporation�of�
America�v.�Detroit�Fire�Extinguisher�
Company,�Inc.,�et�al.�

State�of�Michigan�
Circuit�Court�for�the�County�of�
Oakland�
Case�No.�07�087009�NZ�

24�Oct�2008� Deposition� Plaintiff�

VICTORIA�GONZALEZ�and�ROBERT�
ROYALTY,�Plaintiffs,�v.�DREW�
INDUSTRIES�INC.,�et�al.,�Defendants�

United�States�District�Court�
Central�District�of�California�
Case�No.�CV�06�08233�DDP�

21�Nov�2008� Deposition� Defendant�

LIBERTY�MUTUAL�PROPERTY,�
Individually�and�as�Subrogee�of�
REDDY�ICE�HOLDINGS,�INC.,�Plaintiff,�
v.�ROGERS�ELECTRICAL�SERVICE��
CORPORATION,�Defendant�

Superior�Court�of�Fulton�County,�
State�of�Georgia�
Civil�Action�File�No.�
2008CV149404�

27�May�2009�
19�Oct�2009�

Deposition�
Trial�

Defendant�

American�International�Insurance�
Company,�as�subrogee�of�Michael�
and�Mary�Humes,�Plaintiff,�v.�
Gabrilson�Heating�&�Air�Conditioning�
Co.,�an�Iowa�Corporation,�et�al.�
(and�associated�cross�claims)�

Iowa�District�Court�for�Scott�
County,�File�No.�LACE110343�

21�Aug�2009� Deposition� Defendant�/�
Cross�Claim�
Plaintiff�

GOWANIE�GOLF�CLUB,�INC.�v.�FIRE�
EXTINGUISHER�SALES�&�SERVICE,�
INC.�

Circuit�Court�for�the�County�of�
Macomb�
State�of�Michigan�
Case�No.�08�1007�NO�

15�Jan�2010� Deposition� Plaintiff�
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Exhibit B 

PHOTOGRAPHIC ANALYSIS 
WORLD TRADE CENTER 7 

COLLAPSE INVESTIGATION 
New York NY 

VOLUME A: PHOTOGRAPHIC TIMELINE 

VOLUME B: FIRE PROGRESSION BY LEVEL 
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

A.0            EXECUTIVE SUMMARY

This volume is a compilation of the currently available images taken on 11 September 
2001 of World Trade Center 7.  These images were all taken after the collapse of World 
Trade Center 1 but before the collapse of World Trade Center 7.  Only images that show 
discernible debris impact or fi re-related damage to the building have been included.  
The damage apparent in each photograph has been catalogued according to its type 
and location on the building (see Appendix 1A - Photographic Damage Index).  The 
categories of type are as follows: broken window, debris damage, debris damage and 
broken window, gash, smoke, broken window with internal fi re, broken window with 
external fi re, and burned-out.  This database of damage makes it possible to discern 
the patterns of fi re and debris damage present on the building in order to give a 
comprehensive view of the building before its collapse.

This volume also attempts to create a timeline of events based upon these photographs.  
Many of the images were included in the National Institute of Standards and 
Technology’s Structural Fire Response and Probable Collapse Sequence of World Trade 
Center Building 7.  Within this document NIST delineated either precise times or a 
range of times for each of the images.  Also, approximately 28 image fi les contain 
metadata with timestamp information.  These images afforded an overall timeline into 
which the remaining untimed photographs could be inserted based upon locations of 
fi res, smoke, and burned-out windows in relation to the NIST and metadata images.  
These times are understood to be approximate and subject to the accuracy of NIST’s 
timing along with the limitations of the individual photographs’ quality and scope.

In order to provide an overview of how fi res behaved during the period between WTC1’s 
collapse and WTC7’s collapse, this volume has been divided into hourly increments.  
Each of the volume’s sections approximately represents an hour of the day.  Within 
each section are diagrams of the four façade elevations that demonstrate how fi res 
changed throughout the day across the entire building.  When there was evidence of 
changes to the fi re within a particular hourly increment, detail elevation diagrams 
and corresponding images are included as well.  These sequences of detail elevations 
illustrate how each fi re moved on a given façade during that hour.  In addition to 
diagrams, the photographic evidence pertaining to the hour is also contained within 
the section.  This assemblage allows each section to comprise all the information 
available for an increment of time. 

The information contained within this volume has been constructed based upon the 
photographs and corresponding times currently available and is subject to change in 
the event additional information is obtained. 

Page 1
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

A.1            DEBRIS DAMAGE FOLLOWING WTC1 COLLAPSE

World Trade Center 1 collapsed at 10:29am on 11 September 2001.  During its collapse 
debris was cast as far as 500ft away, damaging numerous buildings along its periphery.  
World Trade Center 7 was sited approximately 370ft north of WTC1’s north facade 
and subsequently sustained debris damage.  In plan WTC7 was shifted to WTC1’s east, 
with the southwest corner of WTC7 aligning to roughly the western third point of 
WTC1’s north face.  Because of this relationship both the south and west facades were 
damaged by debris from WTC1.  The following analysis of photographic evidence helps 
to describe which areas were affected by the collapse.  The damage apparent in each 
photograph has been catalogued according to its type and location on the building (see 
Appendix 1A - Photographic Damage Index).  However, this information is limited by a 
few factors.  While the condition of a majority of the west facade can be ascertained 
from these images, the condition of the south face is more diffi cult to determine.  
After the collapse of the WTC towers, the site was closed to the public due to safety 
concerns.  This results in a limited number of images showing the south facade.  The 
available images were primarily taken from the southwest, from substantial distances, 
and from angles which obscure much of the facade.  In addition, the south facade was 
hidden by a veil of smoke for the majority of the day making it diffi cult to survey the 
face of the building. 

Though the full status of the south facade after WTC1’s collapse might not be known, 
careful scrutiny of the available images does illuminate some important conditions.  
A large gash is located at approximately the western third point of the south facade 
on the uppermost fl oors.  This gash appears to be located between columns 19 and 
21.  Similarly, many images show a large strip between columns 19 and 20 from 
approximately the 24th to 40th fl oors.  This is most likely a gash that at minimum 
damaged the fl oor spandrels at the affected levels.  The most severe damage occurs at 
the lower southwest corner of the building, at points stretching from column 13 to 20.  
This damage affects fl oors 6 to 17.  Columns, fl oor spandrels, and beams all appear to 
be damaged or even omitted in these areas.  However, these conclusions are limited to 
the south façade’s restricted photographic evidence.

Page 2
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Page 3

A.1.1         Debris Damage Diagrams

Figures 1.W.01 and 1.S.01 on pages 4 and 5 represent elevation mappings of the 
resultant debris damage to WTC7 from the collapse of WTC1 as evidenced in the 
available images.  Because of WTC7’s location and orientation, only the south and 
west facades were affected by WTC1’s collapse.  Damage types include broken window, 
debris damage, debris damage and broken window, and gash.  Fire-related damage has 
not been included since fi res would have developed after the initial collapse impact.  
These elevations include damage to both structural and nonstructural elements such 
as the facade system.  In order to more accurately assess potential structural damage, 
Figures 1.D.01 to 1.D.14 were developed.  These diagrams illustrate the specifi c 
structural elements damaged by the collapse of WTC1.  Lastly, since much of the south 
facade is not visible within the photographic evidence, a category of not visible has 
also been incorporated into all diagrams.

A.1.2         Photographs of Damage

The images found on pages 6 to 19 are images that solely show debris damage.  While 
some of these images have been timed by NIST at points later in the day, they have 
been included in this section because they do not show evidence of fi re-related damage 
and therefore do not aid in the fi re progression analysis of sections A.2 to A.8.  Each 
image is presented twice on one page; the top image is the untouched version while 
columns and level markers have been added to the lower image for reference.  In some 
instances an untouched version of the photograph was not available and in its place 
an image that NIST has notated was used.  These images are also shown twice with 
additional column and level markers added for full clarity.
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Figure 1.W.01   WTC7 West facade - Debris Damage after WTC1 collapse
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Figure 1.S.01   WTC7 South facade - Debris Damage after WTC1 collapse
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 1.E.01 East facade

Image 1.E.01 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 1.E.02 East facade

Image 1.E.02 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 1.N.01 Northeast corner

Image 1.N.01 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 1.N.02 Northeast corner

Image 1.N.02 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 1.N.03 Northeast corner

Image 1.N.03 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 1.W.01 Northwest corner

Image 1.W.01 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 1.W.02 Northwest corner

Image 1.W.02 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 1.W.03 West facade

Image 1.W.03 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 1.W.04 Northwest corner

Image 1.W.04 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 1.W.05 Northwest corner

Image 1.W.05 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 1.W.06 West facade

Image 1.W.06 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 1.W.07 West facade

Image 1.W.07 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 1.W.08 West facade

Image 1.W.08 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 1.W.09 Southwest corner

Image 1.W.09 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 1.W.10 Southwest corner

Image 1.W.10 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 1.W.11 Southwest corner

Image 1.W.11 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 1.W.12 West facade

Image 1.W.12 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 1.W.13 Northwest corner
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 1.W.14 Northwest corner

Image 1.W.14 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 1.W.15 Northwest corner

Image 1.W.15 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 1.W.16 Northwest corner

Image 1.W.16 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 1.S.01 Southwest corner

Image 1.S.01 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 1.S.02 Southwest corner

Image 1.S.02 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 1.S.03 Southwest corner

Image 1.S.03 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 1.S.04 Southwest corner
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 1.S.05 Southeast corner
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

A.2            FIRE PROGRESSION - WTC1 COLLAPSE TO 12PM

East Facade - No available visual evidence of fi re-related damage during this time 
period.

North Facade - No available visual evidence of fi re-related damage during this time 
period.

West Facade - The only available visual evidence of fi re during this time period occurs 
on the west facade.  The earliest images show windows on level 29 already burned-out, 
indicating that a fi re had burned soon after WTC1’s collapse in this location.

South Facade - No available visual evidence of fi re-related damage during this time 
period.

A.2.1         Fire Damage Diagrams

Figures 2.E.01, 2.N.01, 2.W.01, and 2.S.01 on pages 48 to 51 depict the condition of 
each elevation at the end of this time period as evidenced in the available images.  
These diagrams are cumulative and contain the fi re-related damage timed up until 
12:00pm as well as the debris damage from WTC1’s collapse.  Fire damage types 
include smoke, broken window with internal fi re, broken window with external fi re, and 
burned-out.  The fi re-related damage on these fi gures represents a compilation of the 
last available visual evidence for each area within this time increment; therefore, these 
diagrams are only an approximation of what the elevation might have looked like at 
12:00pm.  

Page 46

JA-3442

Case 11-4403, Document 77-2, 02/14/2012, 525376, Page73 of 164



Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

The images found on pages 52 to 53 are all the images that show fi re-related damage 
and are attributed to the time period from WTC1’s collapse until 12:00pm.  Each 
image is presented twice on one page; the top image is the untouched version while 
columns and level markers have been added to the lower image for reference.  In some 
instances an untouched version of the photograph was not available and in its place an 
image that NIST has notated is used instead.  These images are also shown twice with 
additional column and level markers added for full clarity.

A.2.2         Photographs of Damage
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Not VisibleBurned-Out GashBroken Window Debris Damage 
/ Broken Window

Debris DamageInternal Fire /
Broken Window

Smoke External Fire /
Broken Window

Figure 2.E.01   WTC7 East facade - Debris and Fire Damage at approximately 12PM
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Photographic Analysis Report
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Figure 2.N.01   WTC7 North facade - Debris and Fire Damage at approximately 12PM
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Not VisibleBurned-Out GashBroken Window Debris Damage 
/ Broken Window

Debris DamageInternal Fire /
Broken Window

Smoke External Fire /
Broken Window

Legend

Figure 2.W.01   WTC7 West Facade - Debris and Fire Damage at approximately 12PM
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Figure 2.S.01   WTC7 South facade - Debris and Fire Damage at approximately 12PM
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 2.W.01 Southwest corner, approximately 10:30AM-12:30PM

Image 2.W.01 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 2.W.02 Northwest corner, 11:33:21AM

Image 2.W.02 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

A.3            FIRE PROGRESSION - 12PM TO 1PM

East Facade - No available visual evidence of fi re-related damage during this time 
period.

North Facade: -No available visual evidence of fi re-related damage during this time 
period.

West Facade - Visual evidence of the west facade during this time period shows that 
fi res burned on levels 29 and 30 but burned-out by the end of the hour.  Smoke and 
fi re were visible on fl oor 22 throughout the hour.  The earliest images of level 19 show 
windows already burned-out, indicating that a fi re may have burned soon after WTC1’s 
collapse in this location.  Lastly, in the second half of the hour smoke became visible on 
level 18.

South Facade - Photographs during this time period show that a fi re resided on level 
30 which continued to burn in the latest photographs during this hour.  A fi re burned 
previously to available photographs during this time period on level 29, showing an 
area already burned-out on this fl oor.

A.3.1         Fire Damage Diagrams

Figures 3.E.01, 3.N.01, 3.W.01, and 3.S.01 on pages 56 to 60 depict the condition of 
each elevation at the end of this time period as evidenced in the available images.  
These diagrams are cumulative and contain the fi re-related damage timed up until 
1:00pm as well as the debris damage from WTC1’s collapse.  Fire damage types include 
smoke, broken window with internal fi re, broken window with external fi re, and 
burned-out.  The fi re-related damage on these fi gures represents a compilation of the 
last available visual evidence for each area within hour; therefore, these diagrams are 
only an approximation of what the elevation might have looked like at 1:00pm.

Figures 3.W.02 3.W.03 and 3.S.02 on pages 58 to 60 depict a series of sequential 
images showing the progression of fi re in particular areas of the west and south 
façades during this time increment.  While the full elevation diagrams represent the 
condition of each facade at the end of the time period, the detail elevation mappings 
illustrate how fi re traveled or altered throughout the hour in a specifi c area.  Debris 
damage has been omitted from these diagrams for clarity.  
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

A.3.2         Photographs of Damage

The images found on pages 61 to 93 are all the images that show fi re-related damage 
and are attributed to the time period from 12:00pm until 1:00pm.  Each image is 
presented twice on one page; the top image is the untouched version while columns 
and level markers have been added to the lower image for reference.  In some instances 
an untouched version of the photograph was not available and in its place an image 
that NIST has notated is used instead.  These images are also shown twice with 
additional column and level markers added for full clarity.
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009
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Figure 3.E.01   WTC7 East facade - Debris and Fire Damage at approximately 1PM
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009
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Figure 3.N.01   WTC7 North facade - Debris and Fire Damage at approximately 1PM
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Figure 3.W.03   WTC7 West Facade - Detailed Fire Progression from 12PM to 1PM
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 3.W.01 West facade, approximately 12:10PM-12:25PM

1415
L24

L21

Image 3.W.01 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 3.W.02 Southwest corner, 12:10PM-12:25PM
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Image 3.W.02 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 3.W.03 West facade, approximately 12:10PM-12:27PM

Image 3.W.03 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
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Image 3.W.04 West facade, approximately 12:10PM-12:28PM
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Image 3.W.04 with columns and fl oor levels overlaid
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Image 3.W.05 Southwest corner, approximately 12:10PM-12:28PM

Image 3.W.05 with columns and fl oor levels overlaid
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Image 3.W.06 West facade, 12:27:17PM +/-1s

Image 3.W.06 with columns and fl oor levels overlaid
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Image 3.W.07 Southwest corner, 12:27:30PM +/-1s

Image 3.W.07 with columns and fl oor levels overlaid
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Image 3.W.08 Southwest corner, approximately 12:27PM-12:28PM
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Image 3.W.08 with columns and fl oor levels overlaid
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Image 3.W.09 Southwest corner, 12:28:40PM +/-1s

Image 3.W.09 with columns and fl oor levels overlaid
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Image 3.W.10 Southwest corner, approximately 12:28PM-12:31PM

Image 3.W.10 with columns and fl oor levels overlaid
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Image 3.W.11 Southwest corner, approximately 12:28PM-12:31PM

Image 3.W.11 with columns and fl oor levels overlaid
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Image 3.W.12 Southwest corner, 12:28PM +/-180S
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Image 3.W.12 with columns and fl oor levels overlaid
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Image 3.W.13 Southwest corner, approximately 12:28PM-12:32PM

Image 3.W.13 with columns and fl oor levels overlaid
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Image 3.W.14 Southwest corner, approximately 12:28PM-12:32PM

Image 3.W.14 with columns and fl oor levels overlaid
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Image 3.W.15 Southwest corner, approximately 12:28PM-12:32PM

Image 3.W.15 with columns and fl oor levels overlaid
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Image 3.W.16 Southwest corner, approximately 12:28PM-12:32PM

Image 3.W.16 with columns and fl oor levels overlaid
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Image 3.W.17 Southwest corner, 12:33:03PM +/-1s

Image 3.W.17 with columns and fl oor levels overlaid
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Image 3.W.18 Southwest corner, 12:33:03PM +/-1S
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Image 3.W.18 with columns and fl oor levels overlaid
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Image 3.W.19 West facade, approximately 12:30PM-1:00PM
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Image 3.W.19 with columns and fl oor levels overlaid
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Image 3.W.20 Southwest corner, shortly before 12:46:39PM

Image 3.W.20 with columns and fl oor levels overlaid
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Image 3.W.21 Southwest corner, shortly after 12:30PM
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Image 3.W.21 with columns and fl oor levels overlaid
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Image 3.W.22 Southwest corner, approximately 12:30PM-1:00PM

Image 3.W.22 with columns and fl oor levels overlaid
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Image 3.W.23 Southwest corner, approximately 12:30PM-1:00PM

Image 3.W.23 with columns and fl oor levels overlaid
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Image 3.W.24 Southwest corner, approximately after 12:40PM
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Image 3.W.25 Southwest corner, 12:46:39PM

Image 3.W.25 with columns and fl oor levels overlaid
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Image 3.W.26 Southwest corner, 12:46:48PM +/-1S

Image 3.W.26 with columns and fl oor levels overlaid
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Image 3.W.27 Southwest corner, 12:47:40PM +/-1s

Image 3.W.27 with columns and fl oor levels overlaid
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Image 3.W.28 Northwest corner, approximately 12:30PM-2:00PM
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Image 3.W.28 with columns and fl oor levels overlaid
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Image 3.W.29 West facade, approximately 12:30PM-2:00PM

Image 3.W.29 with columns and fl oor levels overlaid
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Image 3.W.30 West facade, approximately 12:30PM-2:00PM
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Image 3.W.30 with columns and fl oor levels overlaid
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Image 3.W.31 Northwest corner, approximately 12:30PM-2:00PM
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Image 3.W.31 with columns and fl oor levels overlaid
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Image 3.W.32 Southwest corner, approximately 12:47PM-1:03PM

Image 3.W.32 with columns and fl oor levels overlaid
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Image 3.S.01 Southwest corner, approximately after 12:40PM

Image 3.S.01 with columns and fl oor levels overlaid

15

L2
5

17
19

L4
5

L4
0

L3
5

L3
0

(B
ot

to
m

)
(B

ot
to

m
)

JA-3489

Case 11-4403, Document 77-2, 02/14/2012, 525376, Page120 of 164



Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

A.4            FIRE PROGRESSION - 1PM TO 2PM

East Facade - No available visual evidence of fi re-related damage during this time 
period.

North Facade - No available visual evidence of fi re-related damage during this time 
period.

West Facade - During this time period, visual evidence shows that an additional 
window on level 22 broke and both windows are shown with smoke until they burned-
out at the end of the hour.  Smoke continued to stream from level 18, while smoke also 
became visible on levels 17 and 12.  Additionally, both smoke and burn stains appeared 
at fl oor 7.  

South Facade - No available visual evidence of fi re-related damage during this time 
period so both levels 29 and 30 are shown as burned-out.

A.4.1         Fire Damage Diagrams

Figures 4.E.01, 4.N.01, 4.W.01, and 4.S.01 on pages 96 to 100 depict the condition of 
each elevation at the end of this time period as evidenced in the available images.  
These diagrams are cumulative and contain the fi re-related damage timed up until 
2:00pm as well as the debris damage from WTC1’s collapse.  Fire damage types include 
smoke, broken window with internal fi re, broken window with external fi re, and 
burned-out.  The fi re-related damage on these fi gures represents a compilation of the 
last available visual evidence for each area within hour; therefore, these diagrams are 
only an approximation of what the elevation might have looked like at 2:00pm.  

Figures 4.W.02 and 4.W.03 on pages 98 and 99 depicts a series of sequential images 
showing the progression of fi re in a particular area of the west facade during this time 
increment.  While the full elevation diagrams represent the condition of each facade at 
the end of the time period, the detail elevation mappings illustrate how fi re traveled or 
altered throughout the hour in a specifi c area.  Debris damage has been omitted from 
these diagrams for clarity.
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A.4.2         Photographs of Damage

The images found on pages 100 to 127 are all the images that show fi re-related 
damage and are attributed to the time period from 1:00pm until 2:00pm.  Each 
image is presented twice on one page; the top image is the untouched version while 
columns and level markers have been added to the lower image for reference.  In some 
instances an untouched version of the photograph was not available and in its place an 
image that NIST has notated is used instead.  These images are also shown twice with 
additional column and level markers added for full clarity.
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Figure 4.E.01   WTC7 East facade - Debris and Fire Damage at approximately 2PM
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Figure 4.N.01   WTC7 North facade - Debris and Fire Damage at approximately 2PM
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Figure 4.W.03   WTC7 West Facade - Detailed Fire Progression from 1PM to 2PM
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Figure 4.S.01   WTC7 South facade - Debris and Fire Damage at approximately 2PM
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Image 4.W.01 Southwest corner, around 1:00PM

Image 4.W.01 with columns and fl oor levels overlaid
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Image 4.W.02 Southwest corner, 1:03:44PM +/-1s

Image 4.W.02 with columns and fl oor levels overlaid
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Image 4.W.03 West facade, approximately 1:00PM-1:45PM

Image 4.W.03 with columns and fl oor levels overlaid
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Image 4.W.04 West facade, approximately 1:00PM-2:00PM

Image 4.W.04 with columns and fl oor levels overlaid
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Image 4.W.05 West facade, approximately 1:00PM-1:45PM

Image 4.W.05 with columns and fl oor levels overlaid
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Image 4.W.06 West facade, 1:12:04PM +/-1s

Image 4.W.06 with columns and fl oor levels overlaid
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Image 4.W.07 West facade, approximately 1:00PM-2:00PM

Image 4.W.07 with columns and fl oor levels overlaid
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Image 4.W.08 Southwest corner, approximately 1:00PM-2:00PM

Image 4.W.08 with columns and fl oor levels overlaid

L3
3

L3
0

L2
6

L2
2

11
15

13

(B
ot

to
m

)
(B

ot
to

m
)

Page 108

JA-3504

Case 11-4403, Document 77-2, 02/14/2012, 525376, Page135 of 164



Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 4.W.09 Southwest corner, 1:29:46PM +/-1s

Image 4.W.09 with columns and fl oor levels overlaid
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Image 4.W.10 Northwest corner, 1:30PM-2:30PM

Image 4.W.10 with columns and fl oor levels overlaid
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Image 4.W.11 Northwest corner, approximately 1:30PM-2:30PM

Image 4.W.11 with columns and fl oor levels overlaid
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Image 4.W.12 Northwest corner, approximately 1:30PM-2:30PM

Image 4.W.12 with columns and fl oor levels overlaid
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Image 4.W.13 Northwest corner, approximately 1:30PM-2:30PM

Image 4.W.13 with columns and fl oor levels overlaid
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Image 4.W.14 West facade, approximately 1:00PM-2:00PM

Image 4.W.14 with columns and fl oor levels overlaid
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Image 4.W.15 Southwest corner, approximately 1:30PM-2:00PM

Image 4.W.15 with columns and fl oor levels overlaid
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Image 4.W.16 West facade, approximately 1:30PM - 2:30PM
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Image 4.W.16 with columns and fl oor levels overlaid
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Image 4.W.17 West facade, approximately 1:30PM-2:00PM

Image 4.W.17 with columns and fl oor levels overlaid
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Image 4.W.18 West facade, approximately 1:30PM-2:00PM
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Image 4.W.18 with columns and fl oor levels overlaid
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Image 4.W.19 West facade, approximately 1:30PM - 2:00PM
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Image 4.W.20 Southwest corner, approximately 1:30PM-2:00PM

Image 4.W.20 with columns and fl oor levels overlaid
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Image 4.W.21 Southwest corner, shortly after 1:30PM

Image 4.W.21 with columns and fl oor levels overlaid

1514

L21

L18

L15

L12

L9

2219 26

Page 121

JA-3517I I 

Case 11-4403, Document 77-2, 02/14/2012, 525376, Page148 of 164



Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 4.W.22 Southwest corner, shortly after 1:30PM

Image 4.W.22 with columns and fl oor levels overlaid
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Image 4.W.23 Southwest corner, approximately 1:30PM-2:00PM

Image 4.W.23 with columns and fl oor levels overlaid
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Image 4.W.24 West facade, approximately 1:30PM-2:00PM

Image 4.W.24 with columns and fl oor levels overlaid
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Image 4.W.25 West facade, approximately 1:00PM-2:00PM

Image 4.W.25 with columns and fl oor levels overlaid
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Image 4.W.26 West facade, approximately 1:00PM -2:00PM

Image 4.W.26 with columns and fl oor levels overlaid
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Image 4.W.27 West facade, approximately 1:30PM-2:00PM

Image 4.W.27 with columns and fl oor levels overlaid
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A.5            FIRE PROGRESSION - 2PM TO 3PM

East Facade - A large succession of images show that fi res burned on levels 11, 12 and 
13 for at least the fi rst half of the hour.  On each fl oor it appears that fi res originated 
in the southern portion of the facade and began moving north, not yet reaching the 
northeast corner during this time period.

North Facade - During this time period, visual evidence shows that fi res were burning 
on levels 7 and 12 at the end of the hour.  Also, a photograph shows that at the middle 
of the hour windows had already burned-out on level 7 near the northwest corner.

West Facade - Photographs during this time period show that smoke is once again 
present on levels 17 and 18.  Similarly, smoke is visible at new locations on fl oors 7, 17, 
and 18.  By the end of the hour many of these windows have subsequently burned-out 
along with an additional window on level 30.

South Facade - The visual evidence for this time period shows that windows at the 
southwest corner on levels 21 to 23 and 31 to 33 have burned-out.  Furthermore 
photographs show that additional windows are burned-out at levels 29 and 30.

A.5.1         Fire Damage Diagrams

Figures 5.E.01, 5.N.01, 5.W.01, and 5.S.01 on pages 130 to 134 depict the condition 
of each elevation at the end of this time period as evidenced in the available images.  
These diagrams are cumulative and contain the fi re-related damage timed up until 
3:00pm as well as the debris damage from WTC1’s collapse.  Fire damage types include 
smoke, broken window with internal fi re, broken window with external fi re, and 
burned-out.  The fi re-related damage on these fi gures represents a compilation of the 
last available visual evidence for each area within hour; therefore, these diagrams are 
only an approximation of what the elevation might have looked like at 3:00pm.  

Figures 5.E.02 5.E.03 and 5.W.02 on pages 130, 131, and 133 depict a series of 
sequential images showing the progression of fi re in particular areas of the east and 
west façades during this time increment.  While the full elevation diagrams represent 
the condition of each facade at the end of the time period, the detail elevation 
mappings illustrate how fi re traveled or altered throughout the hour in a specifi c area.  
Debris damage has been omitted from these diagrams for clarity.  
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A.5.2         Photographs of Damage

The images found on pages 135 to 201 are all the images that show fi re-related 
damage and are attributed to the time period from 2:00pm until 3:00pm.  Each 
image is presented twice on one page; the top image is the untouched version while 
columns and level markers have been added to the lower image for reference.  In some 
instances an untouched version of the photograph was not available and in its place an 
image that NIST has notated is used instead.  These images are also shown twice with 
additional column and level markers added for full clarity.
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Not VisibleBurned-Out GashBroken Window Debris Damage 
/ Broken Window

Debris DamageInternal Fire /
Broken Window

Smoke External Fire /
Broken Window

Figure 5.E.03    WTC7 East Facade - Detailed Fire Progression from 2PM to 3PM
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009
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Figure 5.N.01   WTC7 North facade - Debris and Fire Damage at approximately 3PM

Not VisibleBurned-Out GashBroken Window Debris Damage 
/ Broken Window

Debris DamageInternal Fire /
Broken Window

Smoke External Fire /
Broken Window

Legend

Page 132

JA-3528

""'- /'" 1""'-,/ 1""-. V " / '" / I" / i"'-.. ,/ " V 
/" ""'-V 1""'-V 1""-. / " / " / " V 1""'- / I ......... 

" /' " /' " ./ "- ./ '" ./ '" ./ "-~ ./ '" ./ "" V " /' " /' " /' " V ""-..V '" 

• • • • • • • • • 

Case 11-4403, Document 77-2, 02/14/2012, 525376, Page159 of 164



Fi
gu

re
 5

.W
.0

1 
  W

TC
7 

W
es

t 
Fa

ca
de

 -
 D

eb
ris

 a
nd

 F
ire

 D
am

ag
e 

at
 a

pp
ro

xi
m

at
el

y 
3P

M
Fi

gu
re

 5
.W

.0
2 

  W
TC

7 
W

es
t 

Fa
ca

de
 -

 D
et

ai
le

d 
Fi

re
 P

ro
gr

es
si

on
 fr

om
 2

PM
 t

o 
3P

M

N
ot

 V
is

ib
le

Bu
rn

ed
-O

ut
G

as
h

Br
ok

en
 W

in
do

w
De

br
is

 D
am

ag
e 

/ B
ro

ke
n 

W
in

do
w

De
br

is
 D

am
ag

e
In

te
rn

al
 F

ire
 /

Br
ok

en
 W

in
do

w
Sm

ok
e

Ex
te

rn
al

 F
ire

 /
Br

ok
en

 W
in

do
w

G
uy

 N
or

de
ns

on
 a

nd
 A

ss
oc

ia
te

s

Vo
lu

m
e 

A 
- 

Ph
ot

og
ra

ph
ic

 T
im

el
in

e
Ph

ot
og

ra
ph

ic
 A

na
ly

si
s 

Re
po

rt
W

or
ld

 T
ra

de
 C

en
te

r 7
 C

ol
la

ps
e 

In
ve

st
ig

at
io

n
16

 D
ec

em
be

r 2
00

9

Le
ge

nd

Di
ag

ra
m

 o
f I

m
ag

e 
5.

W
.0

4

Im
ag

e 
5.

W
.1

0

FL
O

O
R 

1

FL
O

O
R 

2

FL
O

O
R 

3

FL
O

O
R 

4

FL
O

O
R 

5

FL
O

O
R 

6

FL
O

O
R 

7

FL
O

O
R 

8

FL
O

O
R 

9

FL
O

O
R 

10

FL
O

O
R 

11

FL
O

O
R 

12

FL
O

O
R 

13

FL
O

O
R 

14

FL
O

O
R 

15

FL
O

O
R 

16

FL
O

O
R 

17

FL
O

O
R 

18

FL
O

O
R 

19

FL
O

O
R 

20

FL
O

O
R 

21

FL
O

O
R 

22

FL
O

O
R 

23

FL
O

O
R 

24

FL
O

O
R 

25

FL
O

O
R 

26

FL
O

O
R 

27

FL
O

O
R 

28

FL
O

O
R 

29

FL
O

O
R 

30

FL
O

O
R 

31

FL
O

O
R 

32

FL
O

O
R 

33

FL
O

O
R 

34

FL
O

O
R 

35

FL
O

O
R 

36

FL
O

O
R 

37

FL
O

O
R 

38

FL
O

O
R 

39

FL
O

O
R 

40

FL
O

O
R 

41

FL
O

O
R 

42

FL
O

O
R 

43

FL
O

O
R 

44

FL
O

O
R 

45

FL
O

O
R 

46

FL
O

O
R 

47

RO
O

F

1
2

3
4

5
6

7
8

9
10

11
12

13
14

CO
LU

M
N

 #
14

A1
5

Di
ag

ra
m

 o
f I

m
ag

e 
5.

W
.0

6

ES
TI

M
AT

ED
 T

IM
E 

2:
00

PM
 T

O
 3

:0
0P

M

Im
ag

e 
5.

W
.0

9

15

FL
O

O
R 

17

FL
O

O
R 

18

FL
O

O
R 

19

FL
O

O
R 

20

FL
O

O
R 

21

FL
O

O
R 

22

FL
O

O
R 

23

FL
O

O
R 

24

1
2

3
4

5
6

7
8

9
10

11
12

13
14

CO
LU

M
N

 #
14

A

ES
TI

M
AT

ED
 T

IM
E 

2:
15

PM
 T

O
 2

:4
5P

M

15

FL
O

O
R 

17

FL
O

O
R 

18

FL
O

O
R 

19

FL
O

O
R 

20

FL
O

O
R 

21

FL
O

O
R 

22

FL
O

O
R 

23

FL
O

O
R 

24

1
2

3
4

5
6

7
8

9
10

11
12

13
14

CO
LU

M
N

 #
14

A

Di
ag

ra
m

 o
f I

m
ag

e 
5.

W
.0

9

Di
ag

ra
m

 o
f I

m
ag

e 
5.

W
.1

0

ES
TI

M
AT

ED
 T

IM
E 

2:
00

PM
 T

O
 3

:3
0P

M

15

FL
O

O
R 

17

FL
O

O
R 

18

FL
O

O
R 

19

FL
O

O
R 

20

FL
O

O
R 

21

FL
O

O
R 

22

FL
O

O
R 

23

FL
O

O
R 

24

1
2

3
4

5
6

7
8

9
10

11
12

13
14

CO
LU

M
N

 #
14

A

ES
TI

M
AT

ED
 T

IM
E 

2:
30

PM
 T

O
 3

:0
0P

M

15

FL
O

O
R 

17

FL
O

O
R 

18

FL
O

O
R 

19

FL
O

O
R 

20

FL
O

O
R 

21

FL
O

O
R 

22

FL
O

O
R 

23

FL
O

O
R 

24

1
2

3
4

5
6

7
8

9
10

11
12

13
14

CO
LU

M
N

 #
14

A

Im
ag

e 
5.

W
.0

6

Im
ag

e 
5.

W
.0

4

Se
e 

Fi
gu

re
 5

.W
.0

2 
fo

r m
or

e 
de

ta
il 

on
 t

he
 fi 

re
pr

og
re

ss
io

n 
in

 t
hi

s 
re

gi
on

Pa
ge

 1
33

JA-3529

Case 11-4403, Document 77-2, 02/14/2012, 525376, Page160 of 164



Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009
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Figure 5.S.01   WTC7 South facade - Debris and Fire Damage at approximately 3PM
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 5.E.01 Northeast corner, approximately 2:00PM-2:28PM

Image 5.E.01 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 5.E.02 Northeast corner, approximately 2:00PM-2:08PM

Image 5.E.02 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 5.E.03 Northeast corner, approximately 2:00PM-2:08PM

Image 5.E.03 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 5.E.04 Northeast corner, approximately 2:00PM-2:08PM

Image 5.E.04 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 5.E.05 Northeast corner, approximately 2:00PM-2:08PM

Image 5.E.05 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 5.E.06 Northeast corner, approximately 2:00PM-2:08PM

Image 5.E.06 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 5.E.07 Northeast corner, approximately 2:00PM-2:08PM

Image 5.E.07 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 5.E.08 Northeast corner, 2:08:28PM +/-1S

Image 5.E.08 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 5.E.09 Northeast corner, 2:08:45PM +/-1S

Image 5.E.09 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 5.E.10 Northeast corner, 2:09:54PM +/-1S

Image 5.E.10 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 5.E.11 East facade, 2:10:56PM +/-1S

Image 5.E.11 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 5.E.12 Northeast corner, 2:11:09PM +/-1S

Image 5.E.12 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 5.E.13 Northeast corner, 2:11:19PM +/-1S

Image 5.E.13 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 5.E.14 East facade, 2:11:26PM +/-1S

Image 5.E.14 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 5.E.15 East facade, 2:12:57PM +/-1S

Image 5.E.15 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 5.E.16 Northeast corner, approximately 2:08PM-2:13PM

Image 5.E.16 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 5.E.17 Northeast corner, 2:13:04PM +/-1S

Image 5.E.17 with columns and fl oor levels overlaid
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Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 5.E.18 Northeast corner, approximately 2:08PM-2:28PM

Image 5.E.18 with columns and fl oor levels overlaid
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World Trade Center 7 Collapse Investigation
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Image 5.E.19 Northeast corner, approximately 2:08PM-2:28PM

Image 5.E.19 with columns and fl oor levels overlaid
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Image 5.E.20 Northeast corner, approximately 2:13PM-2:27PM

Image 5.E.20 with columns and fl oor levels overlaid
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Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 5.E.21 Northeast corner, 2:14:09PM +/-1S

Image 5.E.21 with columns and fl oor levels overlaid
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World Trade Center 7 Collapse Investigation
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Image 5.E.22 East facade, 2:14:29PM +/-1S

Image 5.E.22 with columns and fl oor levels overlaid
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World Trade Center 7 Collapse Investigation
16 December 2009

Image 5.E.23 East facade, 2:14:33PM +/-1S

Image 5.E.23 with columns and fl oor levels overlaid
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Image 5.E.24 Northeast corner, approximately 2:13PM-2:28PM

Image 5.E.24 with columns and fl oor levels overlaid
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World Trade Center 7 Collapse Investigation
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Image 5.E.25 East facade, approximately 2:13PM-2:27PM

Image 5.E.25 with columns and fl oor levels overlaid
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Image 5.E.26 Northeast corner, approximately 2:13PM-2:27PM

Image 5.E.26 with columns and fl oor levels overlaid
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Image 5.E.27 East facade, 2:15PM-2:27PM

Image 5.E.27 with columns and fl oor levels overlaid
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Image 5.E.28 Northeast corner, approximately 2:15PM-2:28PM

Image 5.E.28 with columns and fl oor levels overlaid
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Image 5.E.29 Northeast corner, approximately 2:15PM-2:28PM

Image 5.E.29 with columns and fl oor levels overlaid
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Image 5.E.30 Northeast corner, approximately 2:15PM-2:28PM

Image 5.E.30 with columns and fl oor levels overlaid
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Image 5.E.31 East facade, approximately 2:15PM-2:28PM

Image 5.E.31 with columns and fl oor levels overlaid
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Image 5.E.32 Northeast corner, approximately 2:15PM-2:28PM

Image 5.E.32 with columns and fl oor levels overlaid
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Image 5.E.33 Northeast corner, approximately 2:15PM-2:28PM

Image 5.E.33 with columns and fl oor levels overlaid
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World Trade Center 7 Collapse Investigation
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Image 5.E.34 Northeast corner, approximately 2:15PM-2:28PM

Image 5.E.34 with columns and fl oor levels overlaid
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World Trade Center 7 Collapse Investigation
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Image 5.E.35 Northeast corner, approximately 2:15PM-2:28PM

Image 5.E.35 with columns and fl oor levels overlaid
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Image 5.E.36 Northeast corner, approximately 2:15PM-2:28PM

Image 5.E.36 with columns and fl oor levels overlaid
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Image 5.E.37 Northeast corner, approximately 2:15PM-2:28PM

Image 5.E.37 with columns and fl oor levels overlaid
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Image 5.E.38 Northeast corner, approximately 2:15PM-2:28PM

Image 5.E.38 with columns and fl oor levels overlaid
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Image 5.E.39 Northeast corner, approximately 2:15PM-2:28PM

Image 5.E.39 with columns and fl oor levels overlaid
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World Trade Center 7 Collapse Investigation
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Image 5.E.40 Northeast corner, approximately 2:15PM-2:28PM

Image 5.E.40 with columns and fl oor levels overlaid
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Image 5.E.41 Northeast corner, approximately 2:15PM-2:28PM

Image 5.E.41 with columns and fl oor levels overlaid
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World Trade Center 7 Collapse Investigation
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Image 5.E.42 Northeast corner, approximately 2:15PM-2:28PM

Image 5.E.42 with columns and fl oor levels overlaid
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Image 5.E.43 Northeast corner, approximately 2:15PM-2:28PM

Image 5.E.43 with columns and fl oor levels overlaid
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Image 5.E.44 Northeast corner, approximately 2:15PM-2:28PM

Image 5.E.44 with columns and fl oor levels overlaid
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Image 5.E.45 Northeast corner, approximately 2:15PM-2:28PM

Image 5.E.45 with columns and fl oor levels overlaid
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Image 5.E.46 Northeast corner, approximately 2:00PM-3:00PM

Image 5.E.46 with columns and fl oor levels overlaid
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Image 5.E.47 Northeast corner, approximately 2:15PM-2:28PM

Image 5.E.47 with columns and fl oor levels overlaid
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Image 5.E.48 Northeast corner, approximately 2:00PM-3:00PM

Image 5.E.48 with columns and fl oor levels overlaid
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World Trade Center 7 Collapse Investigation
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Image 5.E.49 Northeast corner, approximately 2:15PM-2:28PM

Image 5.E.49 with columns and fl oor levels overlaid
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Image 5.E.50 Northeast corner, approximately 2:15PM-2:28PM

Image 5.E.50 with columns and fl oor levels overlaid
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Image 5.E.51 Northeast corner, approximately 2:00PM-3:00PM

Image 5.E.51 with columns and fl oor levels overlaid
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Image 5.E.52 Northeast corner, approximately 2:15PM-2:28PM

Image 5.E.52 with columns and fl oor levels overlaid
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Image 5.E.53 East facade, 2:28:43PM +/-1S

Image 5.E.53 with columns and fl oor levels overlaid
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Image 5.E.54 East facade, approximately 2:28PM-3:10PM

Image 5.E.54 with columns and fl oor levels overlaid
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Image 5.N.01 North facade, 2:57PM +/-300S
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Image 5.W.01 West facade, approximately 2:00PM-3:00PM

Image 5.W.01 with columns and fl oor levels overlaid
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Image 5.W.02 West facade, approximately 2:00PM-3:00PM

Image 5.W.02 with columns and fl oor levels overlaid
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Image 5.W.03 West facade, approximately 2:00PM-3:00PM
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Image 5.W.04 Southwest corner, approximately 2:00PM-3:00PM

Image 5.W.04 with columns and fl oor levels overlaid
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Image 5.W.05 Southwest corner, approximately 2:00PM-3:00PM

Image 5.W.05 with columns and fl oor levels overlaid
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Image 5.W.06 Northwest corner, 2:15PM-2:45PM
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Image 5.W.07 Northwest corner, 2:21:10PM

Image 5.W.07 with columns and fl oor levels overlaid
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Image 5.W.08 Southwest corner, approximately 2:00PM-3:30PM
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Image 5.W.09 Southwest corner, approximately 2:00PM-3:30PM
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Image 5.W.10 Northwest corner, 2:30PM-3:00PM
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Image 5.S.01 Southwest corner, approximately after 2:00PM

Image 5.S.01 with columns and fl oor levels overlaid
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Image 5.S.02 Southwest corner, approximately after 2:00PM

Image 5.S.02with columns and fl oor levels overlaid
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World Trade Center 7 Collapse Investigation
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A.6            FIRE PROGRESSION - 3PM TO 4PM

East Facade - The available visual evidence during this time period shows that fi re 
has reached the northeast corner on levels 8, 12, and 13, though at different times 
throughout the hour; fl oor 12 at the very beginning, 13 around the middle, and 8 at the 
very end of the hour.  The fi re on fl oor 8 came from the north facade while the fi res on 
levels 12 and 13 were moving towards the north face.  In addition, an image indicates 
that smoke may have been emitted on fl oor 6 close to 4:00pm.

North Facade - A large succession of images show that fi res burned on levels 7, 8, 9, 
12, and 13 during this time period.  The fi res on fl oors 7 and 8 moved to the east while 
the fi res on levels 12 and 13 moved west.  Photographs showed fi res burning on level 7 
for the fi rst half of the hour; 8, 9, and 13 didn’t begin until the second half; 12 showed 
fl ames for almost the entire hour; and 9 only appeared at the very end.

West Facade - During this time period, visual evidence shows both fi re and smoke 
at level 8 on the north side of the facade.  Levels 17, 18, and 22 once again emitted 
smoke.  In addition, an area at the center of the facade on level 17 appears to have 
released smoke and subsequently burned-out.

South Facade - No new visual evidence of fi re-related damage during this time period.

A.6.1         Fire Damage Diagrams

Figures 6.E.01, 6.N.01, 6.W.01, and 6.S.01 on pages 204 to 210 depict the condition 
of each elevation at the end of this time period as evidenced in the available images.  
These diagrams are cumulative and contain the fi re-related damage timed up until 
4:00pm as well as the debris damage from WTC1’s collapse.  Fire damage types include 
smoke, broken window with internal fi re, broken window with external fi re, and 
burned-out.  The fi re-related damage on these fi gures represents a compilation of the 
last available visual evidence for each area within hour; therefore, these diagrams are 
only an approximation of what the elevation might have looked like at 4:00pm.  

Figures 6.N.02 6.N.03, 6.W.02, 6.W.03, and 6.W.04 on pages 205 to 209 depict a 
series of sequential images showing the progression of fi re in particular areas of the 
north and west façades during this time increment.  While the full elevation diagrams 
represent the condition of each facade at the end of the time period, the detail 
elevation mappings illustrate how fi re traveled or altered throughout the hour in a 
specifi c area.  Debris damage has been omitted from these diagrams for clarity.  
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A.6.2         Photographs of Damage

The images found on pages 211 to 271 are all the images that show fi re-related 
damage and are attributed to the time period from 3:00pm until 4:00pm.  Each 
image is presented twice on one page; the top image is the untouched version while 
columns and level markers have been added to the lower image for reference.  In some 
instances an untouched version of the photograph was not available and in its place an 
image that NIST has notated is used instead.  These images are also shown twice with 
additional column and level markers added for full clarity.
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Figure 6.E.01   WTC7 East facade - Debris and Fire Damage at approximately 4PM
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Figure 6.N.03   WTC7 North Facade - Detailed Fire Progression from 3PM to 4PM
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Figure 6.W.03   WTC7 West Facade - Detailed Fire Progression from 3PM to 4PM
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Figure 6.W.04   WTC7 West Facade - Detailed Fire Progression from 3PM to 4PM
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Figure 6.S.01   WTC7 South facade - Debris and Fire Damage at approximately 4PM
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 6.E.01 Northeast corner, approximately 3:20PM-3:40PM

Image 6.E.01 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 6.E.02 Northeast corner, likely 3:20PM-3:40PM

Image 6.E.02 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 6.E.03 Northeast corner, approximately 3:20PM-3:40PM

Image 6.E.03 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 6.E.04 Northeast corner, approximately 3:20PM-3:40PM

Image 6.E.04 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 6.N.01 North facade, 3:05PM +/-300S

Image 6.N.01 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 6.N.02 North facade, approximately 3:05PM-3:10PM

Image 6.N.02 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 6.N.03 North facade, approximately  3:05PM-3:10PM

Image 6.N.03 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 6.N.04 Northeast corner, 3:10PM +/-300S
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Image 6.N.04 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 6.N.05 North facade, approximately  3:05PM-3:10PM

Image 6.N.05 with columns and fl oor levels overlaid
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Guy Nordenson and Associates

Volume A - Photographic Timeline
Photographic Analysis Report
World Trade Center 7 Collapse Investigation
16 December 2009

Image 6.N.06 North facade, 3:10:46PM +/-3S

Image 6.N.06 with columns and fl oor levels overlaid
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