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Preliminary
The Accident

At 1843 hours local time on 22" August 1999 an accident occurred when
Cl642 (‘Cl642') was landing at the Hong Kong International Airport (‘HKIA™)
under inclement conditions. At the time the weather of the Specia
Administration Region was under the influence of Severe Tropical Storm
‘Sam’ with the associated strong gusting wind from the northwest and heavy
rain. As it touched down on the wet runway the hard impact caused the
aircraft’s right main landing gear to collapse, followed immediately by the
separation of the right wing and an outbreak of fire. It finally came to rest
inverted on a grassy area to the right of the runway. As the result of the
accident 3 passengers died and 219 persons (including passengers and crew
members) were admitted to the hospital with 50 suffering serious injuries and
the rest sustaining minor injuries. The aircraft, aBoeing MD-11, was operated
by China Airlines (CAL’) and scheduled to fly from Bangkok to Taipei with
Hong Kong as its intermediate stop.

Thelnvestigation

Pursuant to Part Il of the Hong Kong Civil Aviation (Investigation of
Accidents) Regulations (Cap. 448 sub. leg. B, Laws of Hong Kong) (‘the
Regulations'), on 5" October 1998 the Chief Executive appointed Mr. Albert
LAM Kwong Yu as the Chief Inspector of Accidents to carry out
investigations into the circumstances and causes of the accident. On 23
August 1999 Mr. Y.K. LEUNG of Hong Kong Civil Aviation Department was
appointed as the Inspector of Accidents. With the assistance provided by the
Aviation Safety Council of Taiwan, China, the Air Accident Investigation
Branch of the United Kingdom, the National Transportation Safety Board of
the USA (‘NTSB’) and Boeing Commercial Airplane Group (USA), the
Inspector compiled a draft report on the accident. The draft set out, inter alia,
an anaysis of the relevant facts and the Inspector’s conclusions as to the
causes and probable contributory causes of the accident.

Pursuant to Regulation 11(1), on 11" June 2001, a notice enclosing the said
draft was served on the following parties: -

Nationa Transportation Safety Board

Boeing Commercial Airplane Group

China Airlines

Hong Kong Observatory

Hong Kong Airport Authority

Captain Gerardo LETTICH, commander of Cl642
Captain LIU Cheng Hsi, co-pilot of Cl642
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Having considered further representations from some of the interested parties
on the draft, the Inspector finalized and completed a report (‘the Report’) and
forwarded the same to the Director-Genera of Civil Aviation (‘the Director’)
under Regulation 10 in April 2002. Copies of the Report were also
respectively served on all interested parties pursuant to Regulation 11(4).

As part of its conclusions the Report identified the causal factor of the
accident in para. 3.2.1 as

“the commander’s inability to arrest the high rate of descent existing
at 50 ft RA”.

M attersL eading to the Review Hearing

On 19" April 2002, China Airlines and the then co-pilot Captain LIU Cheng
Hs of CI642 respectively served a Notice of Review (hereinafter referred to
collectively as ‘the Notices') on the Director pursuant to Regulation 12. The
Notices, identical in substance, contend that certain parts of the findings and
conclusions in the Report would adversely affect the applicants reputations
and seek to review the same. For the sake of convenience we shall refer to
both applicants collectively as ‘CAL’. In addition to the causal factor
mentioned above, 3 probable contributory causes to the high rate of descent
(i.e. Causal factor 3.2.2) and a number of other findings (i.e. Findings 3.1.7,
3.1.8, 3.1.9, 3.1.14 and 3.1.16) in the Report are also challenged. The origina
grounds of challenge are set out in Attachment A of the Notices. The same
have subsequently been amended as described below.

Pursuant to Regulation 13, on 5™ September 2002 the Chief Executive of the
SAR appointed a Board of Review (‘the Board') consisting of the following
members:

Chairman: Ernest Michael Kam Hung LIN, Principal Magistrate of
Kowloon City Magistrates Courts

Assessors: Captain William Dennis LOWE, and
Peter Francis SHEPPARD

Pursuant to Regulation 14(2), a preliminary meeting was held on 13"
February 2003 whereupon the Board directed, inter alia, that the review
hearing should commence on 16™ June 2003 with an estimated length of 2
weeks. The original date was later vacated and rescheduled to commence on
the 17" November 2003 at the joint application of the parties. The Board also
directed that in addition to the 2 applicants, the following parties be granted
leave to participate in the review hearing:
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Captain Gerardo LETTICH (the ‘ commander’)
Hong Kong Airport Authority (‘HKAA")

HK Observatory (‘HKO’)

Boeing Commercial Airplane Group (‘Boeing’)

Captain LETTICH was the commander of CI642 on the day of the accident.
The Board was made aware of his concern in the review proceedings by a
letter dated 7" November 2002 forwarded to the Board members by Mr.
Francis Kwan, Senior Government Counsel attached to Planning,
Environment, Lands and Housing Unit (Litigation) of the Department of
Justice. In the said letter, the commander stated that despite his concern, he
lacked the resources to attend either in person or by way of a representative,
nonetheless he would like to raise certain factua issues for the Board's
consideration during the review hearing. Although he did not comply with the
statutory requirements of serving a Notice of Review and/or applying for
leave to participate in the review hearing in the preliminary meeting, it was
the Board’s view that since the commander’s reputation could be adversely
affected by the findings and conclusions in the Report, he should be treated as
a party and accorded the same rights as other parties to the proceedings. It was
therefore ordered that he would be entitled to attend the hearing, adduce
evidence, make submissions, examine and cross-examine witnesses pursuant
to Regulation 14(2) if he so wished.

The Board's order was communicated to the commander by the Chairman’s
letter dated 14™ February 2003. The commander acknowledged and
welcomed such decision by aletter dated 6™ March 2003 from his residencein
Italy. That was his last communication with the Board. His name was included
in the common mailing list used by the parties for serving correspondence as
well as all other documents pertaining to the review application. Prior to the
review hearing in November 2003, the commander was informed in writing
that an extra set of documents to be used for the review hearing had been
specifically prepared and would be made available to him should he choose to
attend. He made no response to such information. He did not attend the
review hearing either personally or by way of a representative; nor did he
participate or contribute in any other manner.

On 27" March 2003, by a written ruling the Board refused an application
made by CAL for discovery on the basis that the Regulations do not confer a
genera power on the Board to order discovery amongst the parties and before
the review hearing.

Shortly before the review hearing, CAL gave notice of its intention to amend
the grounds of review. The amendments revealed that CAL no longer
contended that the aircraft, shortly before touchdown, was affected by a
severe downdraft or microburst; instead the accident was attributed to a loss of
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lift caused by “ abruptly shifting winds” or “ windshear” . Further, allegations
that the accident was contributed to by certain type-specific responses in the
controls of the MD-11 and/or by the design of the landing gear and the wing
main spar were abandoned. The revised position adopted by CAL was based
on the latest “ derived winds’ calculated in 2003 by Mr. John ANDERSON of
Boeing. CAL relied on the latter’s hypothesis to explain the accident. The
changes in the applicants’ position were formally recorded in the revised
Attachments A to the Notices of Review and filed at the commencement of
the hearing.

The Scope and Function of the Board of Review

The mechanism of the review proceedings under the Regulations was
activated by the service of awritten notice of review to the Director within the
time frame set out in Regulation 12 as noted in section 2.1 above. The
Regulations provide that the subject matter of the review can only be in
relation to “the findings and conclusions” which may likely affect the
reputation of the applicants adversely. Thus it is clear that the only parts of
the Report open to review are the findings and conclusions and only on
condition that they may adversely affect the reputation of the applicants.

Moreover, the standing of a person to serve a notice of review is further
restricted, according to Regulation 11(1), to interested parties such as the
commander, operator or

“any person whose reputation is, in the Inspector’s opinion, likely to
be adversely affected by the report” .

The members of the Board have been appointed by the Chief Executive
pursuant to Regulation 13. As stipulated, the Chairman is a magistrate and the
assessors have been appointed by reasons of their *aeronautical or
aeronautical engineering qualifications’ and “special skill or knowledge
relevant to the conduct of the review”. Captain LOWE retired recently after
37 years service as a pilot (including a long period as Chief Pilot) to British
Airways. As a Chief Pilot part of his duties was to review al incidents and
accidents to al aircraft operated by British Airways. Mr. SHEPPARD
recently retired after serving 27 years as an Inspector of Accidents in the
United Kingdom specializing in flight data recording analysis. As an Inspector
of Accidents he had been involved in the investigations of over 100 aircraft
accidents. The qualifications and expertise of the members of the Board have
not been challenged.

Regulation 14(4) endows the Board with all the powers of an Inspector, the
full extent of which are set out in Regulation 9. However, as noted in
Regulation 9, such power isto be exercised
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“For the purpose of investigation of any accident to which these
regulations apply, or any inquiries undertaken with a view to
determining whether any such investigation should be held.” .

Moreover, the relevant parts of Regulation 14(5) also provide thus:

“(5) (@) Where new and important evidence is given at the
review, which was not given at the Inspector’ s investigation,
the board may, on an application by the Chief Inspector,
discontinue the review, and the Chief Inspector shall
thereupon cause the investigation to be reopened.

(b) Where at any time during the review the board are satisfied
that any of the findings and conclusions in the Inspector’s
report do not adversely affect the reputation of the person
in respect of whom the notice of review was served, the
board may discontinue the review in respect of those
findings and conclusions.”

The Regulations when read together indicate that the Board's powers, though
identical to those of the Inspector, are confined within narrower parameters
than those of the Inspector: such powers can only be exercised for, and within
the parameters of, the review of the particular findings and conclusions set out
in the Notices and only when members of the Board are of the view that the
same may adversely affect the reputation of the party or parties concerned. It
is thus clear that the review proceedings are not an investigation independent
of or in addition to the investigation already carried out by the Inspector. The
Board has no general power to investigate. It was for this reason that the
Board rejected CAL’s application for discovery on 27" March 2003.

At the completion of the review, under Regulation 14(9) the Board is tasked to
prepare areport to the Chief Executive

“containing a summary of the proceedings at the hearing and either
confirming or reecting in whole or in part those findings and
conclusions of the Inspector which were the subject of the review,
together with its reasons therefor” .

As a preliminary ruling the Board accepts that the findings and conclusions
under challenge are prima facie proper subjects for review under the
Regulations. It also agrees that the findings and conclusions would have
possible adverse effects on the reputation of China Airlines, the co-pilot and
commander of CI642 and that the Applicants have the proper standing to
serve the Notices.
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If, however, at the end of the review hearing the Board decides that the
challenged findings and conclusions are factually accurate, relevant and
justified by the available evidence, the Board will confirm the same
irrespective of their possible effects on the reputations of the individuals
concerned. In discharging its duties, the Board is aware that these proceedings
afford the affected parties a second opportunity to be heard, whilst bearing in
mind the spirit of the legislation set out in Regulation 4:

“4.  Purpose of Accident Investigation
The fundamental purpose of investigating accidents under
these regulations shall be to determine the circumstances and
causes of the accident with a view to the preservation of life
and the avoidance of accidents in the future; it is not the
purpose to apportion blame or liability.”

In its Closing Submissions CAL contended that, since the Board had no
jurisdiction either to “review, confirm or reject any findings or conclusionsin
the Report which were not the subject of the review” or “to review
recommendations made in the Report and/or make recommendations which
were not in the Report”, this Board should exclude from its consideration the
following matters which were outside the scope of the review (so it was said),
notwithstanding that they featured prominently in the course of the hearing:

e Crosswind landing technique

e Crosswind landing limits for MD-11

e Conversations recorded on CVR transcript relating to issues other than
those arising from a challenged finding or conclusion

Training methodology

Calling in for previous aircraft landing information

Matters relating to Go-around as an option and its related procedure
Autolanding

Stability of final approach

Recommendations

ILS approach

Although CAL’s submissions relating to the limits of the Board's jurisdiction
are helpful, one must not lose sight of the fact that the substance of the review
is related to the cause (Report 3.2.1) and all the probable contributory causes
to the accident (Report 3.2.2) as set out in the conclusions of the Report.
Furthermore, since it is incumbent upon the Board to give reasons for
confirming or rejecting the findings and conclusions or any part thereof under
Regulation 14(9), it would not have properly discharged its statutory duties if
it simply disregarded al evidence relating to other possible causal factors
contributing to the accident. If the existence of any other causal factors
constitutes a reason for rejecting or confirming the findings or conclusions in
the Report, such evidence will be within the proper scope of the review and
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the Board would be under a statutory duty to consider and allude to the same
inits reasons. In so doing, the Board is but carrying out its statutory duty by
assessing the validity or otherwise of the Inspector’ s findings and conclusions
relating to the cause of the accident under review and should not be seen as
embarking on an investigation of its own.

In its Closing Submissions, Boeing produced 2 sets of newly prepared charts.
By a letter to the Board dated 16™ January 2004, HKO objected to the
production of the charts and asked this Board to disregard them entirely on the
basis these were new evidence which al interested parties had not been given
an opportunity to analyze and chalenge either before or during the review
hearing. The said letter also enclosed HKO’'s comments on the charts should
the Board decide to consider the evidence nonetheless. The Board takes the
view that the charts are means with which Boeing further expands the points
adready made in the review hearing and are therefore relevant to these
proceedings. We decided that both the Boeing submissions and HKO’s
comments on the same are relevant and should be taken into consideration for
the purpose of these proceedings.

The revised Attachment A to the Notices suggests the replacement and
addition of certain causal factors to the Report. As is rightly conceded by
CAL in its Closing Submissions, the Board has no jurisdiction to re-write the
Report. Nonethel ess the suggestions would be considered by the Board for the
purpose of deciding whether or not to confirm or reect any part of the
findings and conclusions under review.

Summary of the Proceedings Pursuant to Requlation 14(9)
(Sections 5-13 below)

The review hearing took place over 9 working days from 17" to 27"
November 2003 in Court 7 of the High Court of the HKSAR. Pursuant to
Regulation 13(4) the hearing was held in public.

Except for Captain DAVIS and Mr. Robert BENZON (the 2 witnesses called
by the Inspector whose statements were served during the review hearing) al
expert reports or statements had been filed and circulated in accordance with
the directions given prior to the commencement of the review hearing. In al a
total of 7 witnesses gave evidence on oath to expound on the opinions aready
set out in their respective statements or reports.

The followings are the witnesses in the order of their appearance:

e Captain O.J. EVERS (for CAL)
e Mr. John ANDERSON (for Boeing)
e Mr. SHUN Chi-ming (for HKO)

10
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Mr. Ricky LEUNG (for HKAA)

Mr. Robert BENZON (for the Inspector)
Professor GRAHAM (for HKAA)
Captain M. S. DAVIS (for the Inspector)
Captain O.J. EVERS (for CAL) (recalled)

Despite the invitation of this Board, the commander did not attend the review
hearing either personally or through a representative. His failure to attend or
to further communicate with the Board in any way is taken as an indication
that he had waived his rights to be heard or to contribute in any manner to the
hearing. We therefore decided to proceed with the review hearing as
scheduled. Nonetheless members of the Board have taken note of the matters
he raised in his letter of 7" November 2002.

It is noted that none of the witnesses called gave direct factual evidence
relating to the accident itself. In particular, none of the persons on board
Cl642, noticeably the commander, the then co-pilot LIU Cheng Hsi, or indeed
any crewmember on board any aircraft landing prior to or after the accident
were called to give evidence of their personal observations.

Before the hearing the Chairman of the Board received a letter dated 10"
November 2003 from the President of the Hong Kong Airline Pilots
Association. In the letter the President conveyed the Association members
concern in the review hearing and drew the Board' s attention to certain factual
issues. The Board welcomes such input and appreciates the effort. Having
discussed with Counsel for the Board, we decided to address those issues by
putting questions to the witnesses called by the parties rather than calling
witnesses on our own.

The proceedings were instantaneously transcribed into computer. Hard copies
of the transcript for the day’ s proceedings were distributed to all partiesin the
same evening. At the end of the review hearing each party (as well as each
member of the Board) has an accumulated folio comprising the full transcripts
of the review hearing with each day’s record grouped in one section. By
agreement the costs of preparing the transcripts were borne equally by the
parties. The Board would like to express its appreciation for such arrangement.
Except for Boeing who submitted a list of suggested corrections to the
transcripts relating to Mr. ANDERSON'’ s testimony, none of the other parties
took issue on the accuracy of the transcripts. The Board notes that the
suggested corrections submitted by Boeing do not affect the substance of Mr.
ANDERSON'’s testimony. Furthermore, none of the other mistakes in the
transcripts, which members of the Board managed to identify, has any
significant bearing on the substance or tenors of the respective testimonies and
submissions. In this report we shall, whenever appropriate, refer to the
evidence given during the hearing and quote the exact words used by the
witnesses.

11
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After the review hearing, the parties put in written closing submissions to the
Board according to an agreed timetable. This was followed by the written
advice of the Counsel for the Board on 30th January 2004. The said
submissions and advice are copied to al the parties to the review hearing. In
his written advice Counsel for the Board helpfully included a draft summary
of the evidence which we have drawn on extensively when preparing the
following summary of evidence in accordance with Regulation 14(9). For the
purpose of convenience and uniformity, we adopt the glossary appearing at pp.
i-iii of the Report.

The Evidence of Captain O.J. EVERS (for CAL)

Captain EVERS, the only witness called by the Applicants, gave evidence as
an expert witness. He had served 21 years in the Roya Canadian Air Force
and later worked as a test pilot for McDonnell Douglas on, amongst other
aircraft, the MD-11. His duties included the training of the first customers of
MD-11. He joined China Airlines in 1993 as a line pilot on the MD-11 and
later as an instructor pilot. From 1996 he was a line pilot for Boeing 747s
until his retirement from line flying in 1998. He was re-employed by China
Airlines in early 2000 when he became involved in the investigation of this
accident.

Captain EVERS began his evidence by way of a presentation. In short, his
view was that the commander flew the aircraft skillfully to 30 ft RA before it
made an unavoidably hard landing owing to the abruptly shifting wind
conditions during the last 1.5 seconds before touchdown. He further
contended that subsequent simulations had shown that only autopilot could
land the plane safely and that none of the human pilots had been able to land
safely in the simulated conditions. The Board notes that the force of this last
argument was somewhat diminished after Boeing discovered that important
mistakes had been made whilst inputting some data for the simulations in
2000.

Captain EVERS admitted that the conclusions in his origina report were
incorrect as to the source of the high rate of descent (‘ROD’) just before
touchdown, relying as he did originally on theories of severe downdraft or
microburst. Instead he embraced without reservation the new report from Mr.
John ANDERSON of Boeing which attributed the high ROD to 4 factors:

i. A sudden wind shift, which resulted in a headwind loss of 14 knots and a
right crosswind increase of 20 knots.

ii. A right control wheel input (to counter the increase in crosswind) raised
the flight spoilers on the right wing causing areduction in lift.

12
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iii. A small downdraft of approximately 2.5 knots.
iv. A residua nose down pitch rate from a previous pilot correction.

His position could be represented by the following paragraph at page 4 of his
revised report, where he contended that

“ ... the new data clearly show that in challenging weather conditions,

the pilot skillfully maneuvered his aircraft to a point on the centerline
of the runway from which a flare for landing would normally be made
— about 30 ft above touchdown, with zero drift, adequate speed, and
fully prepared for a normal landing; at that point he experienced a
sudden large wind shift and, as described above, a large loss of lift,
fromwhich it was not possible to recover before touchdown” .

Captain EVERS went on to criticize certain technical inaccuracies in the
Report and then concluded that the Report

“seems to have been systematically constructed so as to justify a
conclusion of pilot error as the cause of the accident” ,

when in fact the pilot was not to blame.

On Finding 3.1.7:

“The descent clearance was given to C1642 at 1014. Shortly after
commencing descent at 1017, the commander commenced the approach
briefing for the wrong runway. No mention was made of the warnings of
severe turbulence or significant windshear, or that the ATIS reported that
RW 25R was available. This briefing given by the commander did not meet
the China Airlines Operations Manual requirements in respect of either
timing or content.”

Whilst not denying the accuracy of the above finding, he objected to the
“innuendo” that the matters found were in any way relevant to the accident
since—

i The approach briefing for the wrong runway was later corrected and in
sufficient time.

ii. ATIS warnings of severe turbulence and windshear were so obvious as
to require no specific mention.

iii. The availability of Runway 25R was irrelevant since the wind strength
there was outside the aircraft limits.

13
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iv. It was possible that a fuller briefing was given outside the last 30
minutes of the CVR reviewed by the Inspector.

The Board notes that CAL put in no evidence or statement from the pilots on
board CI642 to support this last possibility.

On Finding 3.1.8:
“The co-pilot twice provided incorrect information to the commander during
the descent and approach.”

Captain EVERS did not deny the finding was factually accurate, but contended
that a balanced report should go on to state that the incorrect information given
was later corrected in good time and played no part in the accident.

On Finding 3.1.9:

“The approach was de-stabilised at about 250 ft by an excessive application
of power, which increased the indicated airspeed to 175 knots, 15 knots
above the correct final approach speed.”

Captain EVERS went through the FDR data to support his view that the
application of power at about 250 ft was reasonable and necessary to stabilize
the final approach. He pointed out that this had been recognized earlier in the
Report para. 3 at 1.11.6, which was thus a good example of the inconsistencies
of the Report.

After it was pointed out to him in cross-examination that whereas the
commander’s original target speed was 170 knots, ATC had later called for a
reduction to 160 knots, Captain EVERS agreed that it was wrong for the
commander to ignore this acknowledged instruction from ATC.

On Finding 3.1.14:
“Neither pilot perceived the increasing rate of descent and decreasing
indicated airspeed as the aircraft approached the landing flare.”

Captain EVERS objected to this finding as there was no hard evidence of the
pilots perception and that conjecture had no place in a flight accident report.
He went on to assert that by the actions of the pilot as recorded by the FDR, it
was clear that he had understood that the ROD was higher than it should have
been. The Board notes that, by the same reasoning, it must follow that a
different interpretation of the FDR could lead to the opposite conclusion as to
the pilots’ perceptions. However, according to Captain EVERS, the pilot’s
elevator inputs indicated that he was aware of the increasing ROD, which was

14
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decreased 4-3 seconds before touchdown, when, it was said, the other factors
referred to in Mr. ANDERSON’ s report had caused the ROD to increase again
until impact.

However, Captain EVERS did agree that the finding in the Report was
supported by the written statement made by the commander that he only
noticed the increased ROD *just before touching down”, which Captain
EVERS estimated to be at about half a second before touchdown, when it was
too late to aleviate the situation. The Board also notes that the co-pilot in his
statement also stated that he did not notice the increasing ROD.

On Finding 3.1.16:

“The maximum allowable landing weight for MD11, Registration B-150,
was 430,000 Ibs (195,454 kg). The estimated landing weight for C1642 at the
time of the accident was 429,557 Ibs (195,253 kg), therefore the aircraft
approached the flare only 443 Ibs (201 kg) below maximum landing weight,
with the thrust levers already fully retarded which, in combination with a
probable loss of headwind component, led to a loss of airspeed of 20 knots
and an increasing rate of descent which reached approximately 18 feet per
second at touchdown.”

Captain EVERS pointed out that the estimated landing weight of the aircraft
on landing of 429,557 |bs was incorrect. The tabulated FDR data at Report
App A13-1-2 showed the weight was actually 427,000 Ibs (i.e. 2,800 |bs below
the aircraft’'s Maximum Landing Weight ‘MLW’) and not 443 Ibs under as
stated in the Report. In any event, Captain EVERS stated that this was well
within the normal operation limits of the aircraft, had nothing to do with the
accident and therefore “ did not merit the gravity of a finding” .

He further commented that the fact that the aircraft approached the flare with
the thrust levers already fully retarded was aso not worthy of comment since
the MD-11 is designed to land on autothrottles. He referred to the MD-11
Flight Manual which states

“ Autothrottles should be used for all landings and will begin to retard
after passing 50 feet above ground level” .

However, on looking at the FDR data (Report App A13-2-2) Captain EVERS
agreed that on this occasion, for some unexplained reasons, instead of
beginning to retard at 50 ft RA the throttle lever was already fully retarded by
approximately 70 ft and the pilot had made no apparent attempt to override
this manually.

15
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Captain EVERS agreed with the final findings in this paragraph in that there
was a loss of headwind and an increasing ROD to approximately 18 feet per
second at touchdown.

On Causal Factor 3.2.1:
“The cause of the accident was the commander’ s inability to arrest the high
rate of descent existing at 50 ft RA.”

Captain EVERS disputed that the cause of the accident was the commander’s
inability to arrest the high ROD from 50 ft RA. In hisview,

The rate of descent had decreased from 50 ft to about 30 ft (i.e. from
about 16 fps to about 12 fps) during that period before increasing again
to about 18 fps at touchdown. From 30 feet to touchdown there was
about 1.5 seconds and it all went wrong within this span of time.

The descent was stabilized until 30 feet with a ROD of around 11-12 fps.
At about 50 ft the commander executed a large up elevator deflection of
over 10°, resulting in a pitch angle of just over 4° up and a decreasing
ROD to about 12 fps. At this critical point, a down elevator deflection
of 8° was commanded. According to Captain EVERS this was because
the previous up elevation command had given the commander more
“recovery” than he wanted, which, if it continued, could result in
tailstrike (which occurs at 10° pitch or more) or landing too far down the
runway, which was undesirable, especially in wet conditions. This down
elevator command had the apparently desired effect of reducing pitch
from 4° to nearly 3°, but aso had the negative effect that ROD began
rapidly increasing again. At this point, as the aircraft should have been
flaring for touchdown and landing with a sink rate of just 2-4 fps, the
wind suddenly shifted to the right, causing aloss of lift from the reduced
headwind component and an increased crosswind.

Despite increasing up elevator commands, the ROD continued to
increase. Within 1% second, the aircraft made ground contact with a
sink rate of 18 fps, which was well beyond the design limits of the
aircraft and which then caused it to break up.

With throttles at idle, more power was not an option, since he estimated
that the engines from that state would take 4-6 secondsto “ spool up” i.e.
to generate sufficient power to give any significant lift.

The sudden crosswind also caused the commander to execute a right
control wheel input to counter the crosswind by going right wing down;

16
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this was achieved by raising the spoilers on the right wing, which also
had the effect of reducing lift on that wing.

vi. Consequently, the cause of the accident was not the commander’s
inability to arrest the high ROD, or at least any avoidable inability to do
so, but rather the 4 factors referred to in section 5.3 above.

vii. In Captain EVERS view, no criticism could be made of the
commander’s failure to execute a go-around at any point. In order to
make such a decision, there must be a “ trigger” and there was none in
this case until 21 ft and below, at which point it was too late to execute
one cleanly.

On Praobable Contributory Causal Factor 3.2.2(i):

“The commander’s failure to appreciate the combination of a reducing
airspeed, increasing rate of descent, and with the thrust decreasing to flight
idle.”

This has aready been dealt with above. The problematic reduction in
airspeed and increasing ROD did not occur until the last 1.5 seconds of the
flight, when it was too close to the ground for the commander to alleviate the
situation. At this point the thrust had decreased to idle as programmed.

On Praobable Contributory Causal Factor 3.2.2(ii):
“The commander’s failure to apply power to counteract the high rate of
descent prior to touchdown.”

With the thrust levers at idle as programmed, there was not sufficient time to
“gpool up” the engines to provide sufficient power to generate lift; hence this
was not an option at that time in order to counteract the high ROD.

On Probable Contributory Causal Factor 3.2.2(iii):

“Probable variations in wind direction and speed below 50 ft RA may have
resulted in a momentary loss of headwind component and, in combination
with the early retardation of the thrust levers, and at a weight only just
below the maximum landing weight, led to a 20 knots loss in indicated
airspeed just prior to touchdown.”

Captain EVERS agreed that probable variations in wind direction and speed
below 50 ft were a contributory, if not the magjor, cause of the accident. On
the other hand, the other factors mentioned i.e. early retardation of the thrust
levers and the weight being just below MLW, had nothing to do with the
accident.
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5.22

Replacement Causal Factors

Captain EVERS suggested the causal factors in the Report should be replaced
to include the followings:-

The failure of the aircraft which landed immediately ahead of Cl642 to
report or warn of the similar windshear the pilots experienced on landing.

The failure of the Windshear and Turbulence Warning System
(‘WTWS) to warn C1642 of windshear.

The windshear effect caused possibly by the combined conditions of the
PTB’s location and the prevailing wind: with the wind from the North
West quadrant, the landing zone was at the lee of the PTB. On this point
Captain EVERS conceded that he lacked the expertise in building
dynamics to state this for afact.

The 4 factors mentioned by John ANDERSON at a time-critical point
before landing (see section 5.3 above).

In relation to the first 3 factors in section 5.21 above, we note that Captain
EVERS did accept in cross-examination that

The pilot in the aircraft immediately before Cl642 landed safely and
might not have thought the conditions (beyond the obviously strong,
gusty winds) extreme enough to warrant reporting as ‘windshear’.
Captain EVERS did also note that the captain of the aircraft ahead stated
afterwards “ at approx. 200 to 100 feet the aircraft encountered some
violent wind gusts and the speed was fluctuating plus or minus 10 to 15
knots” and that “ a rapid thrust application in the flare was manually
initiated due to a large airspeed reduction”. However Captain EVERS
insisted that the aforesaid conditions amounted to ‘windshear’ although
they might fall short of the technical definition of the term.

The last windshear warning from ATIS was at 10:06 UTC (i.e. about
half an hour before Cl1642 landed); thereafter the WTWS warned only of
“ moderate turbulence” and ATC passed information to CI642 about the
wind strength and direction on 5 occasions in the last 30 minutes before
landing. The fluctuations during that period were not sufficiently large
to be classified as ‘windshear’; the warning for which would only be
issued by the WTWS system when there is a change of at least 15 knots
(see sections 7.3, 7.4 and 7.8 below).
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5.23

He was not in a position to disagree with Professor GRAHAM'’s
findings that the location of the PTB was far enough away from the
runway so as to have only aminimal effect on landing aircraft, given the
prevailing wind strength and direction.

The following matters emerged from cross-examination by Counsel for the
Board :

Captain EVERS gave evidence in the capacity as an expert witness. He
maintained that no criticism could be made against the commander or
co-pilot of CAL in the circumstances of this case. He had been an
employee of CAL between 1993-1998 and rejoined the company in
February 2000 for the “primary reason” of dealing with this
investigation. His status as an expert thus was far from independent.

Captain EVERS accepted that if a pilot has any doubt about his ability to
land the aircraft safely in the prevailing weather conditions, he should
either go-around or divert to another airport. In that afternoon both
options had been exercised at various times by other aircraft which
approached HKIA. There was no indication that either pilot of Cl642
was aware of this. Nor did they ask the ATC for such information.
Captain EVERS agreed that it would be “a very good idea” to
recommend that China Airlines include in their flight manuals a routine
requirement to ask Air Traffic Control in obviously difficult weather
conditions, whether the preceding aircraft had been either going around
or diverting.

The crosswind limits for the MD-11 are 30 knots dry 25 knots wet
(Report 1.18.1). Therelevant part of MD-11 S.O.P. reads —

“OPERATIONAL LIMITS

The max. demonstrated crosswind component is 30 knots.
However, a component at or near 25 knots with higher gusts
should be considered operationally unacceptable.”

The last wind check received (at about 400 feet) was “ 28 knots gusting
36 knots” from 320°. That would give a crosswind component of up to
25 knots. Although HKIA has a grooved runway which improves grip
in the wet, the conditions were so marginal that the pilot ought to have
been actively considering a go around as he approached HKIA.

Assuming that Boeing's latest calculations of the derived winds were
reasonably accurate, the derived data relating to headwind loss and
crosswind increase probably meant only that the wind had changed
direction momentarily, which was, according to Captain EVERS, “ not
surprising at all” in the aftermath of S.T.S. Sam. Similar conditions
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Vi.

Vii.

viil.

were probably encountered by all the other aircraft at some point in their
approach, yet none found themselves in a predicament similar to that of
Cle42.

During the last few minutes before landing there was confusion in the
cockpit as to which runway the landing was to take place on and the
correct go-around procedure. Furthermore, the commander continued
his approach at 170 knots despite the acknowledgement by the co-pilot
of ATC’sinstruction to reduce speed to 160 knots.

Captain EVERS maintained that with appropriate adjustments, there was
nothing inherently unsafe in an aircraft landing at close to its MLW,; it
might even improve stability. The Board notes that this was accepted by
Captain DAVISin the course of his evidence.

Captain EVERS did not dispute the structural evidence from Boeing that
the design sink rate for the MD-11 on a symmetrical landing is 10 fps
and that the kinetic energy which must be absorbed to decelerate an
aircraft is a function of the velocity squared i.e. the energy to be
absorbed by the landing gear for a 20 fps sink rate is four times that for a
10 fps ROD.

FDR Data

Captain EVERS was taken through the FDR Data traces at Appendix
A13 of the Report and commented as follows:-

a.  Glidedope

The 3° glideslope was amost perfectly maintained until the
autopilot was switched off at 500 ft. Thereafter the aircraft
deviated from almost one dot high to more than one dot low. This,
he said, was within the criteria for a stabilized approach (i.e. plus
or minus one dot).

b. Localizer
There were similar deviations here after the autopilot was
disengaged, but again Captain EVERS maintained that they were
within acceptable limits.

c. Thrust
He agreed it was possible that the thrust was not working as

programmed since the levers were already retarded to idle at 70
feet, when the process should have begun at 50 feet and be
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completely retarded by touchdown. He further agreed that the
pilot could easily have overridden this situation by simply placing
his hand on the levers and arresting their backward movement but
it was clear that the pilot did not do so.

Speed

The groundspeed remained fairly constant at about 150 knots until
it rose to 160 knots at 100 ft, where it remained until just before
touchdown. Calibrated Air Speed showed greater fluctuations, but
was generally 10-15 knots higher, which indicated a headwind of
similar magnitude. In the last 100 feet the difference varied
between 4-12 knots, except at around 20 ft, where, for the first
time, the groundspeed exceeded the Calibrated Air Speed,
indicating a slight tail wind of about 3 knots. This corresponds
broadly with Mr. ANDERSON’s Report which found the
headwind component dropped from 11 knots headwind to 3 knots
tailwind in the last 22 ft.

Rudder

Rudder inputs were small until the autopilot was disengaged;
thereafter comparatively large deflections were commanded,
increasing to around 20° shortly before touchdown. Captain
EVERS stated that this was “required” to “ zero the drift” and
that these rudder inputs were necessary because of the crosswind.

Roll Attitude

Roll Attitude was quite stable until autopilot was disengaged;
thereafter the aircraft was rolling up to 10° or more both left and
right. Captain EVERS maintained that these inputs were normal to
keep the aircraft aligned on the centreline of the runway.

Elevator
As shown by the FDR data, the pattern revealed was similar to the

Roll Attitude: very large deflections in both directions from 200
feet and below.

The Landing

The 3° glideslope trandates to a descent rate of approx. 12-14 fps (720-
840 fpm). Captain EVERS stated that according to the manufacturer’s
recommended procedures, in these difficult conditions, the ROD should
start to decrease from approximately 40 ft above ground until
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touchdown, by which time it should have reduced to about 3 fps. This
result is achieved by ‘flaring’ the aircraft as it comes in to land and by
bringing the nose up with elevator up commands.

a

Crosswind landing technique

Captain EVERS noted that the Report (i.e. para 2.2.2) did not
criticize the pilots’ crosswind approach technique and did not find
it contribute to the accident. Captain EVERS also described the
crosswind landing technique in an MD-11, and claimed that it was
correctly employed by the commander on this approach. This
involved initially flying the aircraft so that its heading was offset
from the Runway direction to the extent that the aircraft’'s track
over the ground was aligned with the runway direction. At a
certain altitude (approximately 200-100 ft) the aircraft should be
aligned with the runway using rudder and offsetting the drift by
lowering the appropriate wing. This situation is maintained
through the flare so that the initial touchdown will be expected to
be one undercarriage bogey (thisisalso referred to in section 10.10
below).

Any attempt to de-crab the aircraft and align it with the runway
only just before touchdown would be, in Captain EVERS' words,
“a very hazardous maneuver and we would not attempt that
especially in these conditions’

The Board notes from the FDR data that variable but generally
increasing rudder was applied as the aircraft came in to land and
that its heading was never aligned with the runway (i.e. at 253°)
until touchdown. Hence, it is clear that the recommended
crosswind landing technique as described by Captain EVERS was
not employed on this occasion.

Rate of Descent (ROD)

The Board notes that ROD appeared on the chart at CAL/29 in
Captain EVERS Report. Intabular form it reads —

Height (feet) ROD (feet per second)

100 11
90 12
80 12
70 14
60 16
50 16
40 12
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30 13

20 14
10 17
0 18-20

It can be seen that the increasing ROD from 80 feet had been
reversed by 40 feet, at which point, the aircraft should have begun
to flare for landing, thereby touching down at 3-4 fps; but instead
the ROD kept on increasing until it reached 18-20 fps at impact.

Captain EVERS accepted that this increasing ROD was at least
partly caused by the pilot reversing the elevator deflection from
10° up to 8° down at 40 feet RA. Although the pilot later reversed
it again to up-elevator from about 20 feet above ground, it did not
achieve any significant reduction in the ROD. This was the fourth
factor mentioned by Mr. ANDERSON in his report (referred to in
section 6.8 iv. below)

Captain EVERS suggested that this extraordinary or, in his words,
“unfortunate”, nose-down input at approximately 40 feet was
made because the pilot might have been worried that his pitch-up
attitude was increasing so fast as to cause a tailstrike in landing.
However, the Board notes that tailstrike does not occur until the
aircraft is 10° nose up on landing, whereas this particular aircraft
had never achieved more than 4° nose up at any stage during the
landing.

Captain EVERS explained that the increasing ROD at this point
was contributed to by the other 3 factors i.e. the windshift, right
control wheel (to counter the crosswind increase) and (perhaps) a
dlight downdraft of 2.5 knots.

However, he accepted that a crosswind of this magnitude would
not normally cause an aircraft to crash, that the right control wheel
might have been added in part to counteract the continuing heading
decrease caused by the rudder application, rather than any
sensation of increased crosswind (which would have been difficult
to detect) and the downdraft, if it existed at al, was quite small.

Nevertheless Captain EVERS insisted that the subsequent hard
landing was entirely due to factors outside the commander’s
control.

524 In short, Captain EVERS contended that the manner in which the commander

and the co-pilot handled the aircraft could not be faulted: al inputs were
appropriate and were made to cope with the conditions and, even if he had
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6.1

6.2

6.3

6.4

6.5

been a check pilot observing on board at the time, he would not have
recommended a go-around for any reason (except possibly at 30 feet or so if
he had known the ROD *“ was going to increase like it did, but we did not,
nobody did”).

The Evidence of Mr. John ANDERSON (for Boeing)

Mr. John ANDERSON is a qualified aerospace engineer employed by Boeing
for the last 7 years in its Aerodynamic Stability and Control Department. The
principal task undertaken by Mr. ANDERSON was to take the FDR Data and
apply to it Boeing's Kinematic Consistency Programme in order to derive, in
particular, the headwind, crosswind and vertical wind components affecting
the aircraft asit camein to land. The methodology was described in his report
and further orally explained during the review hearing. One of the key
objectives of the exercise was to investigate the severe downdraft theory
originally put forward by CAL. The derivation done in 2003 was a version of
the same exercise performed in 2000, but updated to reflect improved
methodology and to correct certain errorsidentified in the original derivation.

After outlining the assumptions and limitations of the method (summarized at
section 6.3 below), Mr. ANDERSON identified the factors which he believed
would lend support to the accuracy of the conclusions reached.

Limitations on the methodol ogy included —

i.  Limitationsin parameters and sample rates of FDR data.

ii.  The original longitudina acceleration data were not valid and had to be
calculated from other data.

iii.  The sidedip angle was not recorded by the FDR and must be calculated
from other data.

iv. Theangle-of-attack data had to be re-calcul ated.

As a result, Mr. ANDERSON suggested that the derived winds were valid
within an error margin of 10-15%, although the Board notes that such
estimation was based apparently on instinct rather than the result of any
scientific measurement of variation.

The Board also notes that one of the validation exercises carried out was to
compare the 2003 derived winds with the HKO’s one-second Anemometer
Data. The anemometer gave wind speeds varying between 14-28 knots with a
mean of about 22 knots, whereas the derived winds varied between 21-49
knots with a mean of over 30 knots and showed much greater apparent
fluctuations.
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6.7

6.8

It is also noted that the commander in his statement stated that “the wind
indication on our instrument panel was between 290-310 degrees and 29
knots at 300 feet”, whereas Mr. ANDERSON'’s calculations at that height
(about 20 seconds before touchdown) showed a heading of 320-330 degrees
and winds of 40-50 knots. By way of comparison, the one second
Anemometer data for the period 25-15 seconds before touchdown (UTC Time
10:43:01 — 10:43:11) showed wind directions fluctuating between 283°-345°
and wind speeds at 18-23 knots on Runway 25L whereas 25R showed
fluctuations of 314°-321° with wind speeds between 37-43 knots (see Report
A5-3-2).

In answer to questions put by Mr. SHEPPARD, the Assessor, Mr.
ANDERSON conceded that additional factors such as the calculated sideslip
angle and the exercise of engineering judgment used in the analysis might
further affect the accuracy of the calculations.

With these limitations in mind, Mr. ANDERSON came to the following
findings and conclusions: -

i During the final approach, at above 200 feet, the accident aircraft
experienced an average headwind of 12 knots, with an average variation
of +/-4 knots. The average crosswind above 200 feet was 40 knots,
varying +/-5 knots and the vertical winds were centred around O or
generally small. However, below 200 feet, the average headwind
decreased to 10 knots, but the variation increased to +/-8 knots.
Similarly, the average crosswind decreased to 32 knots, but again the
average variation increased to +/-15 knots. These winds, particularly the
variations below 200 feet were relevant to the descent rate of the
accident aircraft at ground impact.

ii.  Therate of descent of the accident aircraft was affected by a number of
factors that would influence the lift of the aircraft. These factors

included
) angle of attack
. headwind
e vertica wind
e the spoiler deflection on the wing associated with crosswind

Any change to any of these factors would affect the lift of the aircraft.

iii. A review of the FDR data indicated that at the last 80 feet (6 seconds
prior to ground contact), there were significant changes in each of the 4
factors affecting the lift of the aircraft, and hence the rate of descent at
ground impact.
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iv. The analysis made by Mr. ANDERSON demonstrated that at about 22
feet, the aircraft was descending at about 15 feet per second. From this
point onwards and prior to ground contact the FDR analysis and the
2003 winds showed the following data:

. a sudden wind shift resulting in a 14 knot headwind loss and a 20
knot crosswind increase

. adowndraft of approximately 2.5 knots

o the raising of the right spoilers

. a residual airplane nose-down pitch rate from a previous pilot
command.

Mr. ANDERSON was only able to say that these factors were operative for
three quarters of a second to one second just before touchdown. In particular
Mr. ANDERSON felt able to firmly rgject China Airlines’ original “ severe
downdraft” suggestion.

The Board notes that during his oral testimony Mr. ANDERSON did not
assign any relative degree of importance to these 4 factors and no simulation
had been performed to assess the interplay of various factors; for example, the
likely effect on the aircraft if the nose up elevator deflections had been
maintained at 40 feet to 20 feet instead of the nose down commands actually
inputted. As part of its closing submissions Boeing referred to further
simulations carried out by Mr. ANDERSON after the review hearing. He
concluded that

“if there were no wind variations and associated spoiler variations
during the last 3 seconds, the descent rate at touchdown would be
reduced to 14 feet per second” (see sections 13.1 and 13.2 below).

Mr. ANDERSON aso commented on the factors that could affect lift and
ROD. He broke the final stages of the descent into 4 phases of approximately
2 seconds each. The Board noted that if one examined his headwind and
crosswind components, the fluctuations in tabular form were as follows: -

Height Headwind Crosswind

79-68 ft 4 knots decrease 15 knots increase
68-41 ft 10 knots increase 16 knots decrease
41-22 ft little change 10 knots decrease
22-0 ft 14 knots decrease 20 knotsincrease

The Board notes that it was thus apparent that there were significant headwind
and crosswind fluctuations all the way down from 80 feet. Such phenomena
were not just confined to the last 20 feet or so.
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6.14

7.1

During cross-examination by Counsel for the Board the following points
emerged:

i.  Mr. ANDERSON stated that the correlation between his derived 2003
winds and the anemometer data was quite good for wind direction but
was “on the low side” for wind speed. On the other hand when
compared to al 4 touchdown anemometers, there was some broad
correlation albeit over a very wide bracket.

ii.  The commander commenced the alignment maneuver about 15 seconds
before touchdown but it was completed only at the moment of
touchdown.

iili.  The commander used left rudder to align the aircraft and attempted to
balance it with aright control wheel/aileron input.

iv. The second of Mr. ANDERSON's four factors which caused loss of lift
was “ Right control wheel (to counter the crosswind increase)”. This
was commanded just half a second after the crosswind increased. Mr.
ANDERSON was unable to say how the pilot could have sensed and
reacted to it in such a short time; the other possibilities were that this
command was to control roll oscillation or previous rudder input.
However, in re-examination, Mr. SUSSEX, S.C. pointed out that whilst
rudder remained fairly constant at 18°-20°, right control wheel from zero
to about 70° degrees was commanded; also that lateral acceleration
increased from 0.08g to 0.2g i.e. a 200 Ib man would experience a force
of 24 Ibs for this 0.12g increase. However, it can be seen from the
charts at p. 21 and 27 of Mr. ANDERSON'’s report that by the time
lateral acceleration had increased to 0.2g at time 250 seconds on his
chart, the control wheel input of 70° had already been executed (See
Appendix | and 11).

Finally, the Board notes that Mr. ANDERSON was not referred to or asked to
comment on the email or letter referred to in section 11.12 below.

The Evidence of Mr. SHUN Chi-ming (for HKO)

Mr. SHUN, a physicist by qualification, is a Fellow of the U.K. Royal
Meteorological Society and has published research studies on windshear and
turbulence. He is a Senior Scientific Officer employed of the Hong Kong
Observatory. He is responsible for setting up various weather sensing
equipment in HKIA, including the Terminal Doppler Weather Radar (TDWR)
to provide aerts for microburst and windshear at HKIA and the Light
Detection and Ranging System (LIDAR) for windshear detection in dry
weather. In addition he oversees the operation of the Windshear and
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Turbulence Warning System (WTWS) at HKIA. For this hearing Mr. SHUN
produced an expert report dated 8" October 2003.

HKO has the authority and responsibility to set up and maintain weather
reporting and alerting systems. The HKO weather sensors accord with ICAO
recommended practice and guidelines. In particular a number of anemometers
are installed in various locations at the height of 10 metres to give the wind
speed and direction readings on the two runways in both directions and at
mid-point (for exact locations see Report A3-1). The equipment installed at
HKIA isregarded as state-of-the-art.

Mr. SHUN explained the internationally recognized definition of *windshear’
is

“ A sustained change in wind direction and speed for more than a few
seconds, resulting in a change in the headwind or tailwind of 15 knots or
greater resulting in a change in the lift to an aircraft”,

whereas ‘turbulence’ is—

“arapid irregular movement of air, which brings rapid changes, jolts or
bumpsi.e. ups and downs to an aircraft but will not significantly affect its
flight path in general” .

To qualify as ‘windshear’, the change in wind direction must be sustained for
at least more than 3 seconds and the change must involve aloss or gain of 15
knots or more in wind speed. To Mr. SHUN’s understanding these changes
must be so sustained before they can affect an aircraft’ s trgjectory.

At the time of the accident to CI642, al systems were functioning normally
and no incidence of either windshear or microburst was recorded. The last
windshear warning from WTWS was issued at 10:16 hours (UTC). Thereafter,
until the accident at 10:43 hours the equipment measured and warned only of
Moderate Turbulence.

As for the report of Mr. ANDERSON and the Boeing “ derived winds’, Mr.
SHUN pointed out that none of the changes in headwind exceeded 15 knots
nor were the changes sustained for more than 3 seconds, so on neither count
did these changes qualify as windshear; they only indicated turbulence. He
also analyzed the downdraft over the last 6 seconds which averaged just half a
knot which he said “ can only be regarded as near zero” .

Mr. SHUN also questioned the validity of the ‘intuitive’ margin of error in the

Boeing derived winds of 10%-15%. He gave various factors which would
result in amuch wider margin of error.
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According to Mr. SHUN'’ s reckoning, for a change of 11 knots headwind to 4
knots tailwind, there should be a windshift to about 350° but there was no
evidence on any of the anemometers of such a pronounced and sustained
change in wind direction. The biggest fluctuations were on the RW25L one-
second data (Report A5-3-2) where the highest recorded figures of 345° and
339° were immediately followed one second later by the figures of 306° and
2949,

Mr. SHUN opined that this indicated some extremely brief fluctuations, but
not sustained windshifts of any magnitude. The 10-second mean wind data
(Report A5-2-9) in the last 60 seconds before touchdown all showed wind
directions in the range of 310°-320° athough this data did show speed
variations of 12 knots over the same period.

There was, accordingly, little or no objective support from the recorded data,
especially from the anemometer readings, for the suggestion that C1642 had
suffered a 14 knot decrease in headwind component and a 20 knot increase in
crosswind for any significant length of time. In Mr. SHUN’s view any effect
on the aircraft of the recorded fluctuations should have been minimal.

The Evidence of Mr. Ricky LEUNG Wing-kee (for HKAA)

Mr. LEUNG is a Civil and Structural Engineer by training. Since joining the
Civil Aviation Department he had been involved in al the various stages of
the construction of HKIA from its planning and design through construction
to operation. He is currently the Senior Manager of Buildings and
Infrastructure at HKIA. His evidence concerns the location of the Passenger
Terminal Building (‘PTB’).

Mr. LEUNG confirmed para. 2.5.1 of the Report i.e. that the design of HKIA
complies with all aspects of the ICAO standards and guidelines and that the
proximity of the PTB to the runways meets all the required standards under
ICAO Annex 14. There is a distance of 1540 m between the 2 runways with
the PTB in the middle at one end (see Report A3-1); the closest points of the
PTB to the runways vary from 500 metres to 700 metres. The PTB variesin
height from 12 metres to 19 metres, well below the maximum permissible
height allowed by ICAO Annex 14. The runways are the equivalent of 25-30
PTB building heights from the PTB.

In answer to questions from the Board, Mr. LEUNG agreed that a Boeing 747
aircraft is large enough to have the same effect as a building in disturbing
airflow. However, in tropical storm conditions, the HKAA would always try
to accommodate as many aircraft as possible on the air-bridges and few would
be kept on remote stands. As for those parked in the lee of the PTB, he felt
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that any effect would be minimal, athough he deferred to Professor
GRAHAM'’ s opinion on such matter.

The Evidence of Professor Michael GRAHAM (for HK AA)

Professor GRAHAM gave evidence via videolink from London. He is a
professor of Unsteady Aerodynamics at the Aeronautical Department of
Imperial College London. He holds a PhD in aeronautical engineering and
has published numerous articles, many of which study wind flows over
buildings. For this hearing Professor GRAHAM produced 2 reports which
dealt with the suggestion that the PTB may have been a cause or factor in the
windshear phenomenon allegedly experienced by Cl642.

With the wind coming from the northwesterly direction (i.e. at around 310°, as
it was at the time of the accident), the landing area on Runway 25L is
downwind to the PTB. Professor GRAHAM opined that in view of the
distance the PTB from the landing area on Runway 25L (more than 500m)
and therefore, as calculated, 25 to 30 such building heights away, any effect of
the PTB on the airflow would have been negligible. Hence the PTB could not
have contributed to the accident to Cl642.

Over the distances involved and given the curved nature of the roof of the
PTB which would cause less disruption to airflow than a rectangular building,
Professor GRAHAM estimated that the turbulence caused by the building
would have decayed to less than 15% of its undisturbed value, at probably
about 10%. For a 30-40 knot wind, the value is hence 3-4 knots of
disturbance.

Professor GRAHAM was aso asked to comment on the wind data in
Appendix 5 to the Report. He warned against comparing data from the 2
runways without taking into account direction and the separation between
them. At the wind speeds under review, it would take about 40-50 seconds to
cover the 1540 metres between 25R and 25L. Also, with wind coming from
the northwest, the best comparison would be the mid-point of 25R and the
touchdown area of 25L. Taking a 2-minute data to exclude short-term
fluctuations, the data showed, at the time of the accident:

25R mid-point (10:42:40) 25L Touchdown(10:43:20)
Direction 318° 317°

Speed 38 knots 26 knots

Gusts 45 knots 36 knots

Comparison of other times showed a similar pattern i.e. the wind direction
was much the same but the wind speed was generally 10-12 knots higher on
RW 25R.
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In Professor GRAHAM’s opinion, this was primarily accounted for by the
25R winds being measured as they came directly off the sea, whereas by the
time they reached 25L, they had passed over 1.5 km of land. However, the
readings did show a drop of about 4-5 knots in wind speed in the anemometer
in the lee of the PTB on 25L compared to the mid-point on that runway, so
that was probably the extent of the PTB effect i.e. at the time of the accident
there was a reduction in speed of maybe 4 knots on average but wind direction
was generally unaffected.

Professor GRAHAM concurred with the suggestion that consideration be

given to installing more anemometers in the 25R/25L touchdown areas to gain
a better understanding of the wind patternsin that area.

The Evidence of Mr. Robert BENZON (for Inspector of Accidents)

Mr. BENZON is the Chief of the Major Investigations Division at the U.S.
National Transportation Safety Board (‘NTSB’). A former US Air Force pilat,
he had been involved in over 60 aviation investigations both in the U.S. and
overseas including the Lockerbie disaster in 1988 and the loss of the Space
Shuttle Columbia. For this review hearing, he gave ora testimonies in
addition to awritten statement filed during the hearing.

The NTSB was officially involved in the investigation since both the airframe
and the engines of the Boeing MD-11 were of U.S. manufacture. Mr.
BENZON is a U.S. accredited representative under ICAO Annex 13, which
sets out guidelines for member states to follow in the investigation of aircraft
accidents. The investigation was under the control of the Inspector of
Accidents Mr. Y.K. LEUNG of the Hong Kong Civil Aviation Department
(‘CAD’) a the direction of the Chief Inspector of Accidents pursuant to
Section 8 of the Regulations. Representatives from the Aviation Safety
Council of Taiwan, China, and China Airlines were also involved in the
investigation.

Mr. BENZON and his team were invited by the Inspector to assist in an
advisory role. They arrived in Hong Kong within 40 hours of the accident to
guide the local authorities in the investigation of what, for Hong Kong, was a
rare major accident.

In Mr. BENZON' s view, the investigation was technically thorough following,
virtually to the letter, all the guidelines, recommended practices and standards
laid downin ICAO Annex 13.

Together with Boeing, NTSB gave specific assistance on the interpretation of

the FDR data as well as meteorological issues and surviva factors. He
believed that he and his team contributed probably several thousand hours to
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the investigation. This involved several long visits to Hong Kong and also
visits by the Hong Kong investigators to the U.S.A. They reviewed the first
and subsequent drafts of the Report and gave advice on the same.

Mr. BENZON stated that he was satisfied with the Report in its final form and
also with the recommendations it contained. He did not agree with Captain
EVERS contention that the Report was systematically drafted to put the
blame on the pilot.

He noted, pursuant to a decision made by CAD, that the Flight Data Recorders
were sent to England for downloading and production of the origina FDR
data; this was done in the presence of the NTSB’s aircraft performance
specialist. He aso noted that NTSB personnel had occasionally provided
some direct drafting or input to the report, but the decision as to what to
include or exclude was ultimately for the Inspector. He agreed that it would
have been useful to include data or calculations in Appendix Al13 of the
Report for the angle of attack, aileron and spoiler deflections but he could not
say why they were omitted. The Board notes that this information was
contained in Mr. ANDERSON’s report.

He did not agree “wholeheartedly” that Mr. ANDERSON’s analysis
represented the best estimate of the reasons for the increased ROD prior to
touchdown. He felt it was more important to look at the “big picture’ of
events leading up to the accident, rather than focus on the last 1.5 seconds or
part of it, where some migjudgment or wind changes might have occurred. He
did not think the Report deficient in failing to analyze the last few seconds of
Cl642 in the same detailed manner, as did Captain EVERS and Mr.
ANDERSON for thisreview hearing.

In particular, he and his team were of the view that desktop computer
simulation was a valid method to compare the 2000 and the 2003 derived
winds and he was comfortable with the conclusion in relation to the
capabilities of a human pilot to land the aircraft in the same difficult weather
conditions being determined by a desktop computer simulation.

He was referred to the NTSB Aircraft Accident Report into the MD-11 crash
landing at Newark, New Jersey in July 1997, where, after a heavy landing, the
aircraft also lost its undercarriage and one wing before coming to rest inverted.
The said report quoted the following passage for the crosswind landing
technique in the FedEx Flight Manual: -

“Crosswind landings are accomplished by flying the final approach in a
wings level attitude with a crab into the wind. At approximately 200 feet
AGL, align the fuselage with the runway by smoothly applying rudder and
maintain runway centerline by lowering the upwind wing. In high
crosswinds, consideration should be given to commencing the align
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maneuver (de-crab) prior to 200 feet AGL. The align maneuver shall be
established by 100 feet AGL. The manual cautions that excessive sink
rates and subsequent tailstrikes have occurred as the result of a late or
abrupt align (de-crab) maneuver” .

Whilst noting that different airlines may recommend different techniques in
their in-house flight manuals, Mr. BENZON agreed it was clear from the FDR
data that CI1642 was not aligned until just before touchdown. It was certainly
not aligned by 100 feet as recommended by the said FedEx Flight Manual, nor
by 50 feet as stated in para. 2.2.2 of the Report which, at least to that extent,
was inaccurate.

Mr. BENZON aso commented on a hand held video recording of the crash
taken by an off-duty pilot in a car parked outside the perimeter fencing.
Because of the camera angle, the final few seconds before ground contact
were furthest from the cameraman and redisticaly of limited value.
Accordingly in his view the FDR data were much more useful for the purpose
of analyzing exactly what happened in the last few seconds of the flight.

Although members of the Board and certainly most of the interested parties
had heard of and viewed the said video recording at some point before the
review hearing, none of the parties saw fit to call for the production or
viewing of the same as part of the evidence for the review. Members of the
Board took a view similar to that of Mr. BENZON and decided not to call for
its production during the review hearing.

Mr. BENZON further noted that there was no finding on the fact that the
commander did not order a go-around in the Report. Whilst acknowledging
that different people could legitimately write different reports on the same
incident, emphasizing different aspects, he personally felt that a good case
could be made out for saying that a go-around should have been ordered
because —

i.  TheFirst Officer had later said the turbulence was so severe that it could
not be re-created in Boeing's simulator; therefore the conditions must
have been extreme enough to consider a go-around.

ii.  Theaircraft was operating in restricted visibility because of therain, and

iii. At 40 feet from the ground, the commander found the prevailing
conditions were such that he found it necessary to change elevator
deflection from 10° up to 8° down (i.e. atotal of 18°). If apilot hasto
make such a drastic movement so close to touchdown, he should
probably decide to go-around.
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In Mr. Benson's opinion, these are indications of an unstable approach which
would have justified a go-around decision.

Mr. BENZON also stated that he was unable to express any worthwhile
opinion as to the validity of the Long Beach flight simulations in 2000, given
the recalculations were done in 2003 and particularly since he was not
personally involved in the exercise.

The Evidence of Captain M. S. DAVIS (for | nspector of Accidents)

Captain DAVIS joined the CAD of Hong Kong in 1995 and is currently Chief
of the Flight Standards and Airworthiness Division. He was part of the CAD
team responsible for investigating this accident. He was with the U.K. Royal
Air Force from 1954-1972 with his duties including flying fighter aircraft. He
retired with the rank of Wing Commander. After a brief spell with the Abu
Dhabi Air Force, he spent 20 years with Gulf Air (until 1995) in senior
management positions in Operations and Training (mostly B737 and Airbus)
with special responsibility for pilot training programmes. For this review
hearing, he gave awritten statement in addition to his oral testimonies.

From the CVR Captain DAVIS noted several instances of breakdown in
Cockpit Resource Management (‘CRM’) indicating confusion,
misunderstandings and poor communications between the 2 pilots. These
might have placed unwanted pressure on the crew in the already very difficult
conditions. These included —

Briefing for wrong runway

Incomplete briefing

Descent/Approach check list not completed

Obscure use of language not easily understood eg. “If you land
haven't, please be sure, people going out, very important” (Report
A10-4).

In Captain DAVIS' view, the trouble started almost as soon as the autopilot
was disengaged at about 500 ft and the approach was unstable from this point
onwards, as shown by the following data: -

. Glideslope went high and then low,

o Localiser deviated to |eft,

o ROD was excessive, reaching over 1300 fpm at 200 feet to get back on
glideslope, and

) Excessive elevator deflections to control and correct the ROD.

According to Captain DAVIS, all these culminated in an ever-increasing ROD
from 30 feet to impact.
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Captain DAVIS pointed out that some of these early problems could have
been avoided had the pilot followed the China Airlines SOP and * used the ILS
whenever it provides adequate threshold clearance height, regardiess of
weather conditions’ instead of flying the aircraft visually from 500 feet and
below, after disengaging the autopilot.

Under these circumstances, Captain DAVIS was of the view that the pilot
should have remained on instruments, with or without autopilot, to somewhere
near decision height. “ In these conditions the longer he can stay on autopilot,
the better”. In the last 1% seconds of the flight, which is when Captain
EVERS claimed the flight suddenly and unexpectedly went wrong, it was, in
Captain DAVIS' view, aready too late to reverse or correct all that had gone
before.

As for the challenged paragraphs in the Report, he opined that all the findings
and causal factors therein were correct and supported by the evidence. If the
pilot had been able to decrease the ROD, the accident would have been
avoided.

In Captain DAVIS' view, the increasing ROD until ground contact was
largely the result of pilot handling rather than any change in wind speed and
direction, especially in the last second or so of the flight. In particular, the
final input of nose up elevator which only began at about 20 feet (after a nose
down input from 40 to 20 feet) was too late to reverse the excessive ROD, in
view of the aircraft’s inertia and the consequent delay in aircraft response to
the up elevator input.

Captain DAVIS maintained that Boeing's work with both the 2000 derived
winds and the 2003 desktop simulations showed that there existed a set of
flight control inputs which could enable the pilot to land the aircraft safely. As
for the 2000 simulations, there were doubts expressed as to the smulator’s
ability to cope with the winds put into it. Neither Boeing nor NTSB
recommended to do further simulation tests with the 2003 winds.
Accordingly, he did not accept the suggestions that the 2000 simulations
proved that no human pilot could land safely in either the 2000 or 2003
derived winds.

Captain DAVIS agreed that in the last 1.5 seconds it was too late to apply
power to salvage the flight; however he maintained the validity of Causa
Factor 3.2.2(ii) on the basis that power should have been kept available from
50 to 40 feet downwards to counteract the high ROD. Although Captain
DAVIS accepted that Counsel for CAL Mr. WATKINS was correct in
pointing out from the Report A13-1-2 that the calibrated airspeed at 45 feet
was 172 knots, he opined that the airspeed decayed from there to about 152
knots at ground impact. Accordingly, in his view, the pilot could and should
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have applied power below 50 feet to help increase the pitch and reduce the
high ROD.

Captain DAVIS further noted that

i.  The 2000 simulation was performed on a training simulator and not an
engineering simulator as contended by Captain EVERS. No one had
been able to establish whether the training simulator was able to
replicate the actual winds.

ii. Since it was conceded by Boeing that updrafts and downdrafts were
incorrectly reversed in the 2000 derived winds, the results became even
less reliable as an indicator of the capability of a human pilot to land
safely in the conditions experienced by Cl642.

Counsel for Boeing Mr. SUSSEX S.C. referred Captain DAVIS to an email
from John O’ CALLAGHAN of the NTSB dated 3rd April 2003 where he
stated

“while we (referring to NTSB and Boeing Staff) did not discuss
conclusion #2 explicitly, | think we would agree that, intuitively, the new
winds do not affect conclusion #2” (i.e. that landing the plane by hand
was challenging; landing successfully on the first try was difficult.)

Captain DAVIS was not prepared to agree with this conclusion, intuitively or
otherwise.

The Board notes that the same remark was not repeated in the formal letter
sent by NTSB to Captain DAVIS on 29" May 2003.

Captain DAVIS aso pointed out that as the weather conditions that day were
beyond the limit of the autolanding system of MD-11, landing by autopilot
was not an available option.

Captain DAVIS further clarified that the principal causal factor in 3.2.1 of the
Report (i.e. “ the cause of the accident was the commander’ sinability to arrest
the high ROD existing at 50 ft RA”) was to refer to the commander’ s inability
to do so, as measures and controls were available to him to arrest the high
ROD before the situation ran out of control.

On Captain EVERS' repeated contention that it was normal procedure to land

the MD-11 on autothrottles, Captain DAVIS referred to page 111 of the MD-
11 Flight Manual, the relevant parts of which read: —
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“BEFORE LANDING WINDSHEAR

1. PREVENTION

When conditions are such that moderate windshear may be
encountered, even though not reported, the following precautions are
recommended ...

) To avoid large thrust and/or trim changes in response to
sudden airspeed increases (headwind shear), manually restrain
the throttles from being driven back to idle” .

Captain DAVIS pointed out that it was clear, from the FDR data, that the pilot
did not do this; if he had, the response time of the enginesto a call for power
would have been cut down by about half.

According to page 4 of the said Flight Manual the crosswind landing
technique was described as. —

“Keep wings level, maintaining runway alignment during approach
mainly by crabbing until approaching threshold. Then use side-dlip
method to touch-down” .

Captain DAVIS pointed out that the term “approaching threshold” was
somewhat imprecise and that the FedEx Flight Manual recommended
commencing the de-crab at 200 ft (or even earlier in high crosswinds) so that
the alignment maneuver could be established by 100 ft.

That was the reason why one of the recommendations (Report 4.5) was for
China Airlines and Boeing to amend and improve the stated crosswind
landing proceduresin the MD-11 Manual.

Nevertheless, Captain DAVIS agreed that alignment was certainly not
established either at 100 feet or even 50 feet, so that the commander could not
be said to have followed MD-11 SOP for a crosswind landing in any event.

In Captain DAVIS view, the nose-down input from 40ft to 20ft was
absolutely the opposite of what the pilot ought to have been doing at that point.
He conjectured that the pilot might have been anxious to get the aircraft on the
ground, but that maintaining the pitch angle would only have meant landing
perhaps a little long, which was insignificant given the length of runway at
HKIA, even in wet conditions. In his view, maintaining the up elevator
deflection would result in maintaining the 4° pitch up and the chance of a
tailstrike (which only occurs at a pitch angle of 10° was not a redlistic
possibility.

When asked what the pilot could and should have done to arrest the high ROD
existing at 50 ft, Captain DAVISreplied —
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i. He should have arrived at 50 feet with a descent rate of no more than
800-850 fpm (i.e. 13-14 fps).

ii.  He should have had power available to deal with any temporary loss of
lift.

iii.  He should have kept the pitch up and accepted landing a little longer if
necessary.

On para. 2.5.1 of the Report, Captain DAVIS clarified that where the Report
says “both the previous landing aircraft and Cl642 did experience some
windshear as they entered the flare”, this meant only that they experienced
some loss of headwind component; it was not necessarily ‘windshear’
according to the precise definition given by Mr. SHUN for HKO.

Captain DAVIS also explained that despite it having been actively considered,
there was no finding that the commander should have executed a go-around.
In his view, this was the commander’s decision and it would not serve the
purposes of the Report to include it. He also accepted that this was a matter
upon which reasonable minds might differ.

At the conclusion of Captain DAVIS' evidence, he agreed to the following
suggestions put to him by one of the Assessors, Captain LOWE, viz.

i.  There are 2 basic types of crosswind landing technique; one of which
involves using the rudder to “kick around” the aircraft just before
touchdown and the other involves aligning the aircraft’'s heading with
that of the runway well before touching down using a combination of
rudder and aileron inputs. Neither of these techniques was properly
performed by the commander of Cl642.

ii.  The pilots of CI642 began putting on left rudder at 420 feet; this was not
off set by the right aileron. Asaresult the aircraft unsurprisingly started
to go left of the localizer; eventually the rudder application was removed
at about 300 feet and the residual heading then began to return the
aircraft to the localizer.

iii. Despite the crosswind being quite steady until at about 200 ft, the
control fluctuated in both directions for no clear reason.

iv. At about 150 feet on heading 266°, the alignment maneuver started and

the pilot commanded variable amounts of rudder, eventually to a
maximum of about 20°. Such approach cannot be described as stable.
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v.  One would have expected the left rudder to be balanced by right aileron
and right wing down in order to approach in a stabilized way. But
instead from the Roll Attitude (Report A-13-2-1), one can see that there
were relatively large oscillations from 150 feet in the sequence left and
right for a number of times until ground impact. This again points very
clearly to a de-stabilized approach.

vi. There should have been a gap, from at least 50 feet (and probably much

earlier), when the aircraft was stabilized on the runway heading and with
drift offset by a constant right wing down deflection. This did not occur.

The Evidence of Captain EVERS (r ecalled)

Since the last 2 witnesses called by the Inspector of Accident did not put in
their witness statements until after Captain EVERS testified, the Board took
the view that it was fair and proper to afford Captain EVERS an opportunity
to comment on the new evidence. He was recalled for this purpose.

Captain EVERS emphasized that the training simulator at Long Beach was, in
fact, both an engineering and training simulator; it was a unique and very
expensive simulator which provided the best possible vehicle for evaluating
human pilot responses. He accepted however, that it was difficult for any
simulator to duplicate the conditions as derived for that day.

Whilst Captain EVERS accepted that, under those conditions, the MD-11
Flight Manual recommended manually restraining the autothrottles from
returning to idle, in this case it would have made no difference, since the final
headwind loss occurred during the flare from 20 feet and below, when the
throttles would be back in any event. The Board notes however that the
previous flight CX405 had applied power in the flare to counter the headwind
loss.

In Captain EVERS' view, the large pilot input into various controls e.g.
elevators after the autopilot was switched off, are not indications of an
unstable approach, but rather that human pilots do not have the same sensors
available to make constant small corrections and that larger corrections by a
human pilot are quite normal.

After the Assessor Mr. SHEPPARD pointed out Boeing's advice at page 40 of
the Newark MD-11 crash enquiry, namely

“As a general ‘rule of thumb'’ if large power and/or control deflections

are required to maintain the desired flight path and/or alignment with
the runway, then a go-around is warranted”

39



12.6

12.7

12.8

12.9

12.10

and asked for Captain EVERS comment, the latter stated that he interpreted
“large control deflection” meant control deflection approaching the
maximum, but in his view, the weather conditions that day required large
control inputs, and that did not mean the approach was unstable.

Captain EVERS interpreted the FDR data to indicate that aligning the aircraft
with the runway was started at 300 feet rather than 150 feet but he agreed it
should have been completed before the flare which should take place at 40-30
feet. He surmised that the pilot might have had difficulty in achieving this
because of the increasingly large fluctuations in crosswinds at 200 feet and
below. Nevertheless he was of the view that the China Airlines criteria for a
stable approach had been maintained. A stable approach with a single set of
flight controls was never achieved because of the varying crosswinds. He also
accepted that alignment was not achieved until touchdown.

Captain EVERS went on to suggest that the unusually large 10°-12° up-
elevator input at about 50 feet produced a larger than expected lift because of
an “assist” (or headwind increase). Captain EVERS then calculated that if
that 10° elevator input was maintained for another 3-4 seconds, the aircraft
pitch up would have increased from 4° to about 10°, which would have been
within tailstrike range. Therefore, he reasoned, the pilot commanded 8° down
elevator to correct this, which reduced the aircraft pitch to about 3°
Unfortunately, as he put it, at this point the aircraft suffered loss of lift
because of a “significant” downdraft (0 — 2.5 knots), with an aileron
deployment to counter the crosswind and a 14-knot loss of headwind made the
hard landing unavoidable. When it was suggested that, at this critical part of
the flight when the aircraft should be flaring for the landing, the pilot might
have reduced the 10° up-elevator dlightly, but certainly not so far as to go 8°
down, Captain EVERS conceded

“the pilot maybe put a little too much on” .

Captain LOWE enquired how the pilot was able to detect and counter the
crosswind increase so quickly as suggested. At first Captain EVERS argued
that it was either visual or the pilot could fed it, but later accepted that with
all other control movements going on at the same time, especially those of the
rudder, it would not have been easy and he did not know how the pilot could
have done so.

As for the spoiler deflection which was said to have helped destroy lift during
the last 1.5 seconds of the flight, Captain EVERS agreed that it was deployed,
retracted and then deployed again to only a partial extent so that the effect on
lift might not have been as great as has been suggested.

This concluded the evidence at the hearing.
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Other Evidence

After the hearing, as part of its closing written submissions, Boeing produced 2
additiona charts which Mr. ANDERSON had prepared after further work on an
engineering simulator to give more scientific support to his evidence as to the
effect on the ROD of his first 3 factors. His conclusion was that without those
factors, i.e. if the headwind and crosswind had remained steady in the last 3
seconds of flight, the ROD at ground contact would have been 14 fps, instead of
20 fps. The Board notes that Mr. ANDERSON had not been previously able to
assign any degrees of importance in respect of the 3 factors either in his report
or in the course of his oral testimony and the new conclusion has somewhat
altered his evidence.

Although these calculations had not been subjected to the scrutiny of other
parties by way of cross-examination, the Board nonetheless decides to include
such evidence for this review hearing. The Board notes that the newly
calculated ROD (which constitutes an “ extremely hard landing”) would till
have been well beyond the structural limits of the landing gear (i.e. 10 fps) of
the MD-11 even for a symmetric landing. This rate was comparable to the sink
rate (13.5 fps) of the Newark MD-11 crash in July 1997 (see Report 1.18.8)
which also caused the aircraft in question to break up.

Decisions of the Board

The Board refers to the limitations of its jurisdiction expounded above. We
would like to reiterate that the purpose of this hearing is not to carry out a new
enquiry or to re-write the Report ssimply on the basis that members of the
Board may form different opinions on what findings should be made and
included, what conclusions should be drawn and how they should be drawn or
how the Report should be written. The Board' s statutory duty is to review the
particular conclusions under challenge. For the sake of economy we will not
go through every thing said during the review hearing. As much as possible,
we will refrain from commenting on the collateral issues but instead confine
ourselves to the specific passages under challenge.

It is noted that none of the parties made any submissions on the standard and
burden of proof in this review hearing. The Board takes the view that the
standard of proof in civil proceedings should apply: this review hearing
obviously being a civil hearing under the Hong Kong Civil Aviation
(Investigation of Accidents) Regulations, the civil standard should apply and
the burden of proof should rest on the party making the assertions. The
standard is one of balance of probabilities.
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Both the Inspector and HKO took issue with the independence of Captain
EVERS as expert withess. He was the only witness called by CAL. He was
an employee of China Airlines before his retirement. He was re-employed for
the purpose of the accident investigation and this review hearing. The general
tenor of his evidence was that the commander and co-pilot could not be
faulted. The Board also notes that on most occasions, he adopted an
interpretation of the available data most favourable to CAL’s case rather than
presenting a balanced view which is expected of an independent expert. His
status and the contents of his evidence therefore fall short of what is expected
of an expert, whose position and evidence should possess the following
gualities:

i.  Expert evidence presented to the Court should be, and should be seen to
be, the independent product of the expert, uninfluenced as to form or
content by the exigencies of litigation.

ii.  An expert witness should provide independent assistance to the Court by
way of objective unbiased opinion in relation to matters within his
expertise. An expert witness should never assume the role of an
advocate.

iii.  An expert witness should state the facts or assumptions upon which his
opinion is based. He should not omit to consider material facts which
could detract from his concluded opinion.

iv. An expert witness should make it clear when a particular question or
issue falls outside his expertise.

(See the judgment of Cresswell J., in The Ikarian Reefer [1993] Lloyds
Law Rep. (Vol.2) 68, at p. 81.)

Having considered the evidence as a whole, we do not find Captain EVERS
assertion that the Report had been ‘ systematically constructed so asto justify a
conclusion of pilot error as a cause of accident’ either justified by evidence or
afair indictment of the Report.

Finding 3.1.7

“The descent clearance was given to C1642 at 1014. Shortly after
commencing descent at 1017, the commander commenced the approach
briefing for the wrong runway. No mention was made of the warnings of
severe turbulence or significant windshear, or that the ATIS reported that
RW 25R was available. The briefing given by the commander did not meet
the China Airlines Operations Manual requirements in respect of either
timing or content.”
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Ruling of the Board:
Application for Review refused. We confirm the finding.

In relation to the matters raised in the first three sentences of the finding cited
above, the Board takes the view that they are factually correct and relevant to
the ultimate conclusion reached by the Inspector. For the purpose of
clarification, according to the CVR, the briefing given by the commander at
1017 hours was technically correct. Subsequent verbal exchanges from 1019
hours in the cockpit suggested that there were differences in the crew
members understandings as to which RW was available. It was not until
1036 hours when the localizer for RW 25R became active that the confusion
was finally rectified.

In view of the inclement conditions, the Board also considers that additional
warnings by the commander in relation to the significant turbulence or
windshear on approach would have been beneficia even if the topic had been
previously discussed amongst the crew members.

In relation to the matters raised in the last sentence of the above finding, the
Board finds them factually correct according to the evidence available. No
such briefing was recorded during the half hour of CVR data, although the
appropriate items might have been covered earlier in accordance with the
CAL Manual. However, as noted in section 5.7 above, there was no direct
evidence to support this suggestion.

The Board also notes that no record was detected on the CVR regarding calls
made in relation to the Transitional Level.

Finding 3.1.8

“The co-pilot twice provided incorrect information to the commander
during the descent and approach.”

Ruling of the Boar d:

Application for Review refused. We confirm the finding.

The finding was factually accurate according to the CVR. The Board also

takes the view that such finding was relevant in that the co-pilot’s error led to
the set up of the approach procedures for the incorrect runway.
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Finding 3.1.9

“The approach was de-stabilised at about 250 ft by an excessive application
of power, which increased the indicated airspeed to 175 knots, 15 knots
above the correct final approach speed.”

Ruling of the Board:
Application for review refused. We confirm the finding.

We take the view that while the substance of the finding is accurate, this
paragraph needs further amplification in that there was no evidence that the
aircraft complied with the requested 160 knots approach speed. We also note
that the reference to the speed increment in the finding was incorrect in that
the aircraft had acknowledged the ATC direction to fly at 160 knots, at
10:38:36 UTC. The approach had also deviated from both the Glideslope and
Localizer before the power application. We are of the view that identifying
only the power speed as an example does not adequately describe the lack of
stability during the final approach. Some of the other examples have been
described in section 11.27 above.

Finding 3.1.14
“Neither pilot perceived the increasing rate of descent and decreasing
indicated airspeed as the aircraft approached the landing flare.”

Ruling of the Board:
Application for review refused. We confirm the finding.

We consider this paragraph a fair assessment of the dituation: it is a
conclusion supported and justified by the available evidence. While there is
evidence of a slight reduction in the rate of descent (to a value which was till
excessive) initiated towards the latter portion of the height band at which point
the flare should normally have been initiated, it was subsequently reversed by
avery large down elevator input. We find this unacceptable anywhere in the
final approach and increasingly so in the last 40 feet before touchdown, when
the rate of descent should be reducing to a fraction of which existed on this
occasion.

We would also like to add that during the last 10 feet or so before touch down
(when it would have been too late to take any effective corrective action
anyway), the visual cues must have given the pilots an indication that the
ROD had been many times greater than the norm. That the commander
noticed the increased ROD *just before touching down” (see section 5.12
above) and that the co-pilot did not notice the increasing ROD at al lend
support to the accuracy of the above finding.
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Finding 3.1.16

“The maximum allowable landing weight for MD11, Registration B-150,
was 430,000 Ibs (195,454 kg). The estimated landing weight for C1642 at
the time of the accident was 429,557 |bs (195,253 kQ), therefore the aircraft
approached the flare only 443 Ibs (201 kg) below maximum landing weight,
with the thrust levers already fully retarded which, in combination with a
probable loss of headwind component, led to a loss of airspeed of 20 knots
and an increasing rate of descent which reached approximately 18 feet per
second at touchdown.”

Ruling of the Board:

Application for review alowed in part. We reglect the part of the finding
referring to the maximum landing weight but confirm the rest of the finding.

The final statement of this paragraph is factually correct, i.e. arate of descent
in excess of approximately 18 feet per second existed at touchdown. The
Board agrees that the early retardation of throttles and a probable loss of
headwind component contributed marginally to such excessive rate.

We disagree however with the finding's implication that the higher landing
weight and the consequential dight increase in drag of the aircraft was a
significant factor. Indeed in these conditions other arguments in favour of a
heavier rather than a lighter aircraft are possibly more compelling. We feel
that this paragraph, though factually accurate, may not be adequate in its
faillure to refer to the excessive rate of descent being associated with the
commander’ s inappropriate control inputs, particularly at below 75 feet.

Causal Factor 3.2.1
“The cause of the accident was the commander’sinability to arrest the high
rate of descent existing at 50 ft RA.”

Ruling of the Board:

Application for Review is refused. We confirm this causal factor.

We agree with the general tenor of the Inspector’s determination in light of
the evidence available. We agree that the commander’s performance before
touchdown was a significant factor contributing to the accident.

However, we take the view that as in most accidents, no single factor or

person could or should be isolated and held solely responsible for their
occurrences. We are of the view this tragic accident was caused by a number
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14.23

14.24

14.25

of factors including meteorological phenomenon and human judgment errors
which had accumulated and multiplied during the flight and, more particularly,
during the latter portion of the descent. Some of these factors have been
canvassed at paras. 3.2.2 and 3.2.3 of the Report. We aso wish to add that the
decision to continue the approach in the prevailing crosswind conditions,
which at some points were outside the crosswind limits for the MD-11, could
be considered ill-advised. It may have been more prudent to abandon the
approach and execute a go-around in such conditions. We are further of the
view that to attribute the cause in this unfortunate accident to one singular
event or factor is an over simplification; particularly bearing in mind the
fundamental purpose of the investigation as set out in Rule 4 of the
Regulations is “not to apportion blame and liability” but “for the
preservation of life” and “ avoidance of accidentsin the future’ .

The Board would like to thank Mr. ANDERSON for his efforts to reconstruct
the wind conditions at the time of the landing. We accept that he and his team
have done their best to assist the Board. Yet for the limitations of the
methodology adopted (set out in sections 6.3, 6.4 and 6.5 above) and the 10-
15% error margins conceded by Mr. ANDERSON, we take the view that the
FDR data are the best evidence available to assess the pilot’s ability to land
safely in the prevailing meteorological conditions. We aso note that, even
according to the Boeings closing submissions, in a subsequent MD-11
engineering simulation in which all other 3 factors were excluded, the ROD
would have been 14 fps; a sink rate which would have exceeded the structural
limits of the aircraft in any event.

While we agree that at a certain point the situation might have deteriorated to
such a state that no human intervention could have averted an accident, we are
of the view that it was the responsibility of the commander and co-pilot to
take the appropriate preventive and corrective measures before reaching such
acritical point. Thus even if we accepted (which we do not) the accident was
solely attributable to the 4 factors identified by Mr. ANDERSON (see section
6.8 iv. above), the fact that the situation had arisen at all was indicative of the
cockpit crew’ s inability on this occasion to deal with the adverse conditions to
either land the aircraft safely or to exercise more prudent options such as
executing a go-around or diverting to another airport.

In particular, from the evidence available (and even according to Mr.
ANDERSON'’s 2003 derived winds), we find the prevailing wind conditions
at the time of the landing did not amount to ‘windshear’ according to the
internationally recognized definition of the phenomenon and therefore did not
warrant a windshear aert (see Mr. SHUN's evidence summarized at sections
7.3 and 7.4 above). We find any criticism, either express or implied, of the
failure to issue a windshear aert on the part of HKO or AAHK was
unsupported by the evidence available.
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14.26

14.27

14.28

In the revised Notice of Review, CAL suggested that “ the presence of strong
northwesterly winds blowing over the PTB towards the approach path runway
251" was a causal factor missing from the Report. Apart from the bare
allegations by Captain EVERS (who admitted in the course of his evidence
not to have the relevant expertise on the subject), there was no evidence to
support such a contention. On the contrary, this possible causal factor was
ruled out by the evidence of Mr. Ricky LEUNG, who vouchsafed that the
construction of HKIA had complied with all applicable international standards,
and the evidence of Professor GRAHAM, who opined that given the height of
the PTB and the distance from the runway, the effect of the PTB could only
have been negligible at the time of landing. Accordingly, we do not find any
merit at all in this contention.

However, we note that Professor GRAHAM in his evidence suggested that the
installation of more anemometers would provide better and more detailed
understanding of the wind conditions in this and other runways. We agree that
such knowledge is crucial to air traffic safety, particularly in inclement
conditions similar to the situation under review. We urge the relevant
authorities to give consideration to such suggestion.

We also take the view that the following factors compounded the situation and
rendered the hard landing ultimately inevitable:

e The autopilot was switched off at 500 ft, thereby contributing to
the unstable nature of the approach.

e Thepilot did not make an ILS approach as recommended by
CAL’s SOP.

e The crosswind landing procedure as recommended by CAL was
not correctly performed.

e No power was available at below 70 feet to correct the excessive
ROD.

e The commander’slarge down elevator input at approximately 35
feet RA.

e The momentary loss of headwind component in thelast 1to 1.5
seconds of the landing.

Causal Factor 3.2.2

“Probable contributory causes to high rate of descent were:

(i)  The commander’s failure to appreciate the combination of a
reducing airspeed, increasing rate of descent, and with the thrust
decreasing to flight idle.

(i)  The commander’s failure to apply power to counteract the high rate
of descent prior to touchdown.

(iii)  Probable variations in wind direction and speed below 50 ft RA may
have resulted in a momentary loss of headwind component and, in
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14.28

14.29

14.30

14.31

15.

151

combination with the early retardation of the thrust levers, and at a
weight only just below the maximum landing weight, led to a 20
knotslossin indicated airspeed just prior to touchdown.”

Ruling of the Board:

Application for review alowed only in part. We reject the part of the causal
factor relating to the maximum landing weight in para. (iii) being a possible
significant contributing cause to the high rate of descent. We confirm the rest
of the conclusion. Apart from our reservations below, we agree that the factors
listed were the contributing factors leading to the high rate of descent
immediately before touchdown.

We take the view that para (i) would be more comprehensive if it had aso
described the failure to mitigate the situation at the late stage of approach by
considering other options available such as go-around. The use of the term
‘crew’ rather than ‘commander’ in the above paragraph would have been
more appropriate.

Para (ii) could aso have been expanded to describe the possible reasons
behind the error judgment such as CRM issues, turbulence, crosswind
technique and the auto-throttle override. We aso take the view that the
commander’ s crosswind technique was incorrectly dismissed as a factor in the
Report.

In relation to para. (iii), we are of the view that the reference to aircraft weight
is possibly misleading as any increase in drag resulting from the aircraft
weight would have been minimal and a heavier aircraft would have more
inertia and possibly greater stability in these particular circumstances.
Furthermore, the extra fuel carried would have allowed for a wider range of
aircraft diversion options, thereby relieving some of the pressures on the crew
to avoid a go-around.

Costs
Therelevant part of Regulation 14(7) provides that
“the board may, if it thinks fit, order a person who appears or is

represented at the review to pay in respect of the board’s cost such
reasonable sum as may be specified in the order”.
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15.2 We take the preliminary view that if such discretionary power is to be
exercised at all, the only parties that can be affected are the applicants to these
proceedings. However we feel that the affected parties should be given an
opportunity to be heard before we decide whether such order should be made
a all and if so, the contents of the order. In order not to further delay the
publication of the Board's rulings on the review applications, we propose to
reserve this issue until after the Board has had the benefit of the submissions
of the Applicants and Counsel for the Board. The parties would be invited to
make submissions by the Board in due course.

Dated this 30th day of November, 2004.

(Original Signed)

ERNEST MICHAEL KAM HUNG LIN

(Original Signed) (Original Signed)

PETER FRANCIS SHEPPARD WILLIAM DENNISLOWE
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Appendix 4

One-minute mean RVR data — RW 25L/25R

RW 25L RW 25R
Ending-time Touchdown  Mid-point Roil-out  Touchdown  Mid-point Roll-out
(hh:mm:sec) (m) (m) (m) (m) (m) (m)
10:25:00 1000 %00 500 600 800 1000
10:25:10 1000 900 900 650 800 1000
10:25:20 1000 900 900 650 800 1000
10:25:30 1100 900 1000 650 800 1000
10:25:40 1100 900 1000 650 800 1100
10:25:50 1100 1000 1000 650 800 1100
10:26:00 1100 1000 1000 600 900 1100
10:26:10 1100 1000 1000 600 900 1100
10:26:20 1100 1000 1000 600 800 1100
10:26:30 1100 1000 1000 600 900 1000
10:26:40 1100 1000 1100 600 800 1000
10:26:50 1000 1000 1100 600 800 1000
10:27:00 1600 1100 1100 650 800 1000
10:27:10 1000 1100 1100 650 800 1000
10:27:20 1000 1200 1100 650 800 1000
10:27:30 1000 1300 1100 650 800 1100
10:27:40 1000 1300 1100 650 900 1100
10:27:50 1100 1200 1100 650 900 1100
10:28:00 1100 1200 1100 650 900 1100
10:28:10 1200 1200 1100 650 900 1100
10:28:20 1200 1200 1100 650 800 1100
10:28:30 1200 1200 1100 650 800 1100
10:28:40 1200 1200 1100 600 800 1100
10:28:50 1200 1300 1100 600 800 1100
10:29:00 1200 1300 1100 600 800 1200
10:29:10 1200 1300 1100 600 800 1200
10:29:20 1300 1400 1100 600 900 1200
10:29:30 1300 1400 1100 600 900 1200
10:29:40 1300 1400 1100 650 900 1200
10:29:50 1300 1400 1100 650 900 1200
10:30:00 1300 1500 1100 700 900 1200
10:30:10 1300 1500 1100 700 900 1100
10:30:20 1300 1500 1100 700 900 1100
10:30:30 1300 1500 1200 700 - 900 1100
10:30:40 1200 1500 1200 700 900 1100
10:30:50 1300 1400 1200 700 900 1000
10:31:00 1300 1300 1200 750 900 1000
10:31:10 1300 1300 1300 750 900 1000
10:31:20 1400 1300 1300 750 900 1000
10:31:30 1400 1300 1300 750 900 1000
10:31:40 1400 1400 1300 750 900 1000
10:31:50 1500 1500 1200 750 900 1600
10:32:00 1500 1600 1200 750 900 1100
10:32:10 1500 1600 1200 750 900 1100
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One-minute mean RVR data — RW 25L/25R

RW 25L RW 25R
Ending-time Touchdown  Mid-point Roll-out  Touchdown  Mid-point Roll-out
(hh:mm:sec) (m) (m) (m) (m) (m) (m)
10:32:20 1500 1500 1200 750 900 1100
10:32:30 1500 1500 1200 750 900 1100
10:32:40 1500 1400 1200 750 900 1100
10:32:50 1500 1400 1200 750 9200 1100
10:33:00 1600 1400 1200 750 900 1100
10:33:10 1600 1500 1200 700 1000 1200
10:33:20 1600 1500 1200 700 1000 1200
10:33:30 1600 1600 1200 700 1000 1200
10:33:40 1600 1700 1300 700 1000 1200
10:33:50 1700 1700 1300 650 1000 1200
10:34:00 1700 1600 1300 650 1000 1200
10:34:10 1700 1600 1300 650 1000 1200
10:34:20 1700 1600 . 1300 650 1000 1200
10:34:30 1700 1600 1300 700 1000 1200
10:34:40 1700 1600 1300 700 1000 1200
10:34:50 1700 1600 1400 700 1000 1100
10:35:00 1600 1600 1400 750 1000 1100
10:35:10 1600 1600 1400 750 1000 1100
10:35:20 1600 1600 1400 750 1000 1100
10:35:30 1700 1600 1500 750 1000 1100
10:35:40 1700 1600 1500 750 1100 1100
10:35:50 1700 1600 1600 750 1100 1200
10:36:00 1700 1600 1600 750 1100 1200
10:36:10 1700 1700 1600 800 1100 1300
10:36:20 1700 1700 1600 800 1100 1300
10:36:30 1600 1700 1600 800 1100 1400
10:36:40 1600 1700 1600 800 1100 1500
10:36:50 1600 1700 1600 800 1100 1500
10:37:00 1800 1600 1600 800 1100 1500
10:37:10 1800 1700 1600 900 1100 1500
10:37:20 1800 1600 1600 900 1100 1500
10:37:30 1800 1600 1700 900 1100 1500
10:37:40 1600 1500 1700 900 1100 1500
10:37:50 1500 1500 1700 900 1100 1500
10:38:00 1500 1500 1700 900 1100 1500
10:38:10 1500 1500 1700 900 1100 1500
10:38:20 1600 1600 1700 900 1200 1500
10:38:30 1700 1600 1700 900 1200 1500
10:38:40 1800 1800 1700 900 1200 1500
10:38:50 1800 1800 1700 900 1200 1500
10:39:00 1900 1900 1700 900 1300 1500
10:39:10 1900 1900 1700 900 1300 1500
10:39:20 1900 2000 1700 900 1300 1400

10:39:30 1800 2000 1700 500 1300 1400
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One-minute mean RVR data — RW 25L/25R

RW 25L RW 25R
Ending-time Touchdown  Mid-point Roll-out Touchdown  Mid-point Roll-out
(hh:mm:sec) (m) (m) (m) (m) (m) (m)
10:39:40 1800 2000 1700 900 1300 1400
10:39:50 1800 2100 1700 800 1300 1400
10:40:00 1800 2100 1700 800 1300 1400
10:40:10 1800 2100 1700 800 1300 1400
10:40:20 1800 2100 1800 800 1200 1400
10:40:30 1700 2200 1800 800 1200 1400
10:40:40 1600 2200 1800 800 1200 1400
10:40:50 1600 2000 1800 800 1206 1400
10:41:00 1600 1900 1700 900 1200 1500
10:41:10 1600 1900 1700 900 1200 1500
10:41:20 1600 1900 1700 500 1300 1500
10:41:30 1600 1900 1600 900 1300 1500
10:41:40 1700 1900 1600 500 1300 1500
10:41:50 1800 2200 1600 900 1300 1500
10:42:00 1800 2300 1700 900 1300 1400
10:42:10 1800 2300 1700 900 1300 1400
10:42:20 1800 2200 1700 900 1300 1400
10:42:30 1800 2200 1800 900 1300 1400
10:42:40 1900 2200 1800 900 1300 1400
10:42:50 1900 2200 1800 500 1300 1500
10:43:00 1900 2200 1800 900 1400 1500
10:43:10 1900 2200 1800 900 1400 1500
10:43:20 1900 2200 1800 500 1400 1600
10:43:30 1900 2200 1800 1000 1500 1600
10:43:40 2000 2300 1800 1000 1500 1700
10:43:50 2000 2300 1800 1000 1500 1700
10:44:00 1800 2400 1900 1000 1500 1700
10:44:10 1700 2300 1500 1600 1500 1700
10:44:20 1600 2300 1600 1000 1500 1600
10:44:30 1600 2300 1900 1000 1500 1600
10:44:40 1600 2300 . 1900 1000 1400 1600
10:44:50 1600 2300 1800 1000 1400 1600
10:45:00 1700 2300 1800 1000 1400 1600

A4-3



Appendix 5-1

Two-minute mean wind data — RW 07L/07R touchdown zones

RW Q7L RW 07R
Ending-time  Direction Speed Gust Direction Speed Gust
(hh:mm:sec) (degrees) (knots) (knots) (degrees) (knots) (knots)
10:25:00 317 34 50 306 30 36
10:25:10 317 34 50 306 31 36
10:25:20 317 34 50 308 31 36
10:25:30 316 35 50 308 31 36
10:25:40 317 36 50 309 31 40
10:25:50 316 36 50 310 32 40
10:26:00 315 36 50 311 33 40
10:26:10 314 36 49 31 33 40
10:26:20 315 36 49 312 32 40
10:26:30 315 37 49 3i4 32 40
10:26:40 314 37 49 315 31 40
10:26:50 315 38 49 315 29 40
10:27:00 315 38 49 315 29 40
10:27:10 315 39 49 314 29 40
10:27:20 316 40 49 314 29 40
10:27:30 317 40 50 313 29 39
10:27:40 316 40 50 313 29 39
10:27:50 317 40 50 313 29 38
10:28:00 317 40 50 313 29 38
10:28:10 317 39 50 313 28 38
10:28:20 316 39 50 310 29 38
10:28:30 315 39 50 310 29 38
10:28:40 315 39 50 308 30 38
10:28:50 315 38 50 308 31 40
10:29:00 315 38 50 308 32 40
10:29:10 315 39 30 308 32 40
10:29:20 315 38 50 307 31 40
10:29:30 315 38 44 307 31 40
10:29:40 3i6 38 44 307 31 40
10:29:50 316 38 44 306 31 40
10:30:00 316 38 44 306 31 40
10:30:10 317 39 46 306 30 40
10:30:20 317 39 46 305 30 40
10:30:30 317 39 46 307 31 40
10:30:40 317 39 46 307 31 40
10:3(:50 317 40 46 307 30 38
10:31:00 318 41 46 307 30 35
10:31:10 318 41 46 307 30 35
10:31:20 318 41 © 47 307 30 35
10:31:30 317 4] 47 308 30 35
10:31:40 317 41 47 308 30 35
10:31:50 317 41 47 308 30 36
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Two-minute mean wind data — RW 07L/07R touchdown zones

RW 07L RW O7R
Ending-time  Direction Speed Gust Direction Speed Gust
(hh:mm:sec) (degrees) (knots) (knots) (degrees) (knots) (knots)
10:32:00 317 42 47 308 31 36
10:32:10 317 41 47 309 32 40
10:32:20 317 40 47 309 32 40
10:32:30 317 40 47 309 32 40
10:32:40 317 39 47 309 32 40
10:32:50 317 39 47 309 32 40
10:33:00 317 39 47 309 32 40
10:33:10 317 38 47 309 ' 32 40
10:33:20 317 37 45 310 32 40
10:33:30 317 37 45 310 31 40
10:33:40 316 37 45 310 31 40
10:33:50 316 37 45 310 30 40
10:34:00 317 36 45 310 30 40
10:34:10 316 37 45 309 28 35
10:34:20 316 37 45 309 28 35
10:34:30 317 37 45 309 28 35
10:34:40 317 38 47 309 27 35
10:34:50 317 38 47 310 27 33
10:35:00 316 38 47 310 27 33
10:35:10 316 38 47 311 26 31
10:35:20 317 38 47 312 26 31
10:35:30 316 37 47 314 25 31
10:35:40 316 37 47 315 25 31
10:35:50 315 36 47 315 25 31
10:36:00 315 36 47 315 25 31
10:36:10 316 36 47 316 25 31
10:36:20 316 36 47 317 25 31
10:36:30 316 36 47 317 25 31
10:36:40 316 35 45 317 25 31
10:36:50 316 35 45 318 25 31
10:37:00 316 34 40 318 25 31
10:37:10 317 35 46 316 26 31
10:37:20 317 36 46 316 26 31
10:37:30 317 36 46 315 26 31
10:37:40 317 37 46 314 - 27 31
10:37:50 318 37 46 313 27 31
10:38:00 317 37 46 313 27 31
10:38:10 317 37 46 313 27 35
10:38:20 316 ‘ 37 46 312 28 35
10:38:30 316 37 46 311 28 35
10:38:40 315 37 46 311 28 35
10:38:50 315 37 46 311 28 35

A5-1-2



Two-minute mean wind data — RW (07L/07R touchdown zones

RW 07L RW 07R
Ending-time  Direction Speed Gust Direction Speed Gust
{hh:mm:sec) (degrees) (knots) (knots) (degrees) (knots) {knots)
10:39:00 314 38 46 311 29 35
10:39:10 314 37 42 310 29 35
10:39:20 313 37 44 310 29 35
10:39:30 313 37 44 310 29 35
10:39:40 313 38 44 311 29 35
10:39:50 313 38 46 311 29 36
10:40:00 313 38 46 311 29 36
10:40:10 313 39 46 312 30 39
10:40:20 314 39 46 312 30 39
10:40:30 314 38 46 312 30 39
10:40:40 314 38 46 3 30 39
10:40:50 313 38 46 310 31 39
10:41:00 313 37 46 310 31 39
10:41:10 313 37 46 309 31 39
10:41:20 313 37 46 309 31 39
10:41:30 - 312 36 46 309 32 39
10:41:40 312 36 46 308 32 39
10:41:50 312 36 45 308 32 39
10:42:00 312 35 44 308 32 39
10:42:10 312 33 43 308 31 37
10:42:20 312 35 44 308 31 37
10:42:30 312 36 44 308 31 37
10:42:40 312 36 44 308 30 36
10:42:50 312 36 44 309 30 36
10:43:00 313 36 44 310 29 35
10:43:10 313 36 44 311 28 33
10:43:20 314 35 44 311 28 33
10:43:30 315 35 44 310 28 33
10:43:40 315 34 44 310 28 33
10:43:50 315 34 44 311 27 33
10:44:00 315 - 33 44 311 27 33
10:44:10 314 32 44 311 27 34
10:44:20 315 32 42 312 27 34
10:44:30 315 32 42 311 27 35
10:44:40 316 32 41 310 28 36
10:44:50 316 32 39 C310 28 36
10:45:00 317 32 39 310 29 36

AS-1-3



Two-minute mean wind data — RW 07L/25R and RW Q7R/25L mid-points

RW 07L/25R RW 07R/25L
Ending-time  Direction Speed Gust Direction Speed Gust
(hh:mm:sec) (degrees) (knots} (knots) (degrees) (knots) (knots)
10:25:00 324 38 47 305 33 40
10:25:10 324 37 44 305 34 40
10:25:20 324 38 47 306 33 40
10:25:30 325 39 47 308 33 40
10:25:40 325 39 47 308 34 43
10:25:50 325 39 47 309 34 43
10:26:00 324 40 47 309 35 43
10:26:10 324 40 47 310 35 43
10:26:20 324 40 47 309 36 43
10:26:30 323 40 47 309 36 43
10:26:40 323 40 47 309 36 43
10:26:50 323 40 47 309 36 43
10:27:00 323 40 47 309 36 43
10:27:10 324 41 47 311 35 43
10:27:20 324 40 47 310 35 43
10:27:30 324 40 48 310 35 43
10:27:40 324 39 48 310 35 42
10:27:50 324 39 48 310 35 42
10:28:00 323 40 48 310 35 42
10:28:10 323 40 48 310 35 42
10:28:20 - 324 40 48 311 35 42
10:28:30 324 40 48 311 35 42
10:28:40 324 40 48 310 35 42
10:28:50 324 40 48 309 35 42
10:29:00 323 40 48 309 35 42
10:29:10 324 40 48 309 36 42
10:29:20 324 40 48 310 36 42
10:29:30 324 40 45 310 36 42
10:29:40 324 39 45 310 36 42
10:29:50 324 40 47 309 36 42
10:30:00 324 49 47 308 36 42
10:30:10 323 39 47 307 35 42
10:30:20 323 40 51 307 35 42
10:30:30 324 40 51 307 35 42
10:30:40 324 40 51 307 35 42
10:30:50 323 41 51 307 36 44
10:31:00 323 41 51 307 36 44
10:31:10 323 - 42 51 307 36 44
10:31:20 322 42 51 307 37 44
10:31:30 322 42 51 307 37 44
10:31:40 322 42 51 308 36 44
10:31:50 322 42 51 307 36 44

AS5-1-4



Two-minute mean wind data — RW 07L/25R and RW 07R/25L mid-points

RW 07L/25R RW 07R/25L
Ending-time  Direction Speed Gust Direction Speed Gust
(hh:mm:sec) (degrees) (knots) (knots) (degrees) (knots) (knots)
10:32:00 322 42 51 308 35 44
10:32:10 322 42 51 309 35 44
10:32:20 322 42 51 309 34 44
10:32:30 321 42 51 310 34 44
10:32:40 321 4] 51 310 34 44
10:32:50 321 40 48 310 34 44
10:33:00 321 40 48 310 33 42
10:33:10 321 40 48 309 33 42
10:33:20 321 40 48 309 33 42
10:33:30 321 41 48 309 32 42
10:33:40 321 41 48 307 33 42
10:33:50 321 40 48 307 33 42
10:34:00 321 40 46 306 34 42
10:34:10 321 40 46 306 35 42
10:34:20 322 40 46 306 35 42
10:34:30 322 40 46 306 35 42
10:34:40 322 40 46 306 35 4]
10:34:50 323 40 46 306 35 42
10:35:00 324 39 46 306 36 46
10:35:10 324 39 46 307 37 46
10:35:20 324 39 46 307 37 46
10:35:30 324 39 46 307 37 46
10:35:40 324 39 46 307 37 46
10:35:50 324 38 46 308 37 46
10:36:00 324 38 46 309 37 46
10:36:10 324 38 44 309 36 46
10:36:20 324 38 44 309 36 46
10:36:30 324 38 44 309 36 46
10:36:40 324 38 44 309 35 46
10:36:50 323 37 44 309 34 46
10:37:00 322 37 44 309 33 44
10:37:10 321 37 44 308 32 41
10:37:20 321 37 44 308 32 40
10:37:30 321 38 44 308 32 40
10:37:40 321 38 44 308 32 40
10:37:50 321 38 45 308 32 40
10:38:00 322 38 45 308 32 40
10:38:10 322 38 45 308 32 40
10:38:20 321 37 45 308 32 40
10:38:30 321 37 45 308 32 40
10:38:40 321 37 45 308 32 40
10:38:50 321 37 45 309 33 40

A5-1-5



Two-minute mean wind data — RW 07L/25R and RW 07R/25L mid-points

RW 07L/25R RW 07R/25L
Ending-time  Direction Speed Gust Direction Speed Gust
(hh:mm:sec) (degrees) (knots) {(knots) (degrees) (knots) (knots}
10:39:00 321 37 45 309 33 40
10:36:10 322 37 45 309 33 40
10:39:20 322 37 45 309 33 40
10:39:30 323 36 45 310 33 39
10:39:40 323 36 45 310 33 39
10:39:50 323 36 44 309 33 39
10:40:00 323 37 44 310 33 39
10:40:10 322 38 47 310 33 39
10:40:20 322 38 47 309 33 39
10:40:30 323 38 47 309 33 39
10:40:40 322 38 47 310 34 39
10:40:50 322 38 47 310 33 39
10:41:00 322 38 47 310 33 39
10:41:10 322 38 47 310 32 39
10:41:20 321 38 47 309 31 39
10:41:30 321 39 47 308 31 39
10:41:40 320 39 47 309 32 40
10:41:50 320 39 47 309 32 40
10:42:00 319 39 47 309 32 40
10:42:10 319 39 47 309 32 4]
10:42:20 318 38 45 309 32 4]
10:42:30 318 38 45 308 32 41
10:42:40 318 38 45 307 32 4]
10:42:50 317 38 45 306 32 41
10:43:00 317 38 45 306 33 4]
10:43:10 317 39 45 306 33 41
10:43:20 318 39 45 306 33 41
10:43:30 318 38 45 306 33 4]
10:43:40 319 38 45 305 33 41
10:43:50 319 38 42 306 32 41
10:44:00 320 37 42 306 32 4]
10:44:10 320 37 42 307 32 37
10:44:20 320 - 37 42 308 31 37
10:44:30 321 37 42 308 31 37
10:44:40 322 37 42 309 31 37
10:44:50 322 37 42 309 .31 37
10:45:00 322 37 42 309 31 37

A5-1-6



Two-minute mean wind data — RW 25L./25R touchdown zZones

RW 25L RW 25R
Ending-time Direction Speed Gust Direction Speed Gust
(hh:mm:sec) (degrees) (knots) (knots) (degrees) (knots) (knots)
10:25:00 316 30 42 325 39 48
10:25:10 317 29 39 324 39 48
10:25:20 318 29 39 324 39 48
10:25:30 318 29 39 325 40 48
10:25:40 318 30 39 325 40 48
10:25:50 316 29 37 324 40 48
10:26:00 317 29 37 325 40 46
10:26:10 317 28 36 325 40 47
10:26:20 318 27 36 325 40 47
10:26:30 318 27 36 324 40 47
10:26:40 318 28 42 324 40 47
10:26:50 317 28 42 325 41 47
10:27:00 316 28 42 325 41 47
10:27:10 316 29 42 326 40 47
10:27:20 315 29 42 326 40 47
10:27:30 316 29 42 326 41 47
10:27:40 317 30 42 325 41 47
10:27:50 319 29 42 326 41 47
10:28:00 319 30 42 325 41 47
10:28:10 319 31 42 325 41 49
10:28:20 320 31 42 324 41 49
10:28:30 320 31 42 324 41 49
10:28:40 320 31 40 324 41 49
10:28:50 320 31 40 323 41 49
10:29:00 320 31 40 322 41 49
10:29:10 320 31 40 320 42 49
10:29:20 320 31 40 319 42 49
10:29:30 319 31 40 318 44 55
10:29:40 318 32 42 319 44 55
10:29:50 318 32 42 319 44 55
10:30:00 319 32 42 321 44 52
10:30:10 319 32 42 321 46 56
10:30:20 319 32 42 323 47 56
10:30:30 319 32 42 324 44 56
10:30:40 320 31 42 325 39 51
10:30:50 320 31 42 325 38 48
10:31:00 320 31 42 325 39 48
10:31:10 320 30 42 325 40 48
10:31:20 321 31 42 325 40 47
10:31:30 322 31 42 325 41 47
10:31:40 322 31 40 325 41 47
10:31:50 322 30 39 324 41 49

AS-1-7



Two-minute mean wind data — RW 25L/25R touchdown zones

RW 25L RW 25R
Ending-time  Direction Speed Gust Direction Speed Gust
(hh:mm:sec) (degrees) (knots) (knots) (degrees) (knots) (knots)
10:32:00 322 30 39 322 41 49
10:32:10 322 30 39 321 42 49
10:32:20 322 29 39 322 42 48
10:32:30 322 29 39 322 42 48
10:32:40 322 29 39 322 4] 45
10:32:50 321 29 39 321 39 45
10:33:00 - 321 29 39 320 40 52
10:33:10 321 28 39 320 41 52
10:33:20 321 28 39 320 4] 52
10:33:30 320 27 35 320 41 52
10:33:40 320 27 36 320 4] 52
10:33:50 319 27 36 320 41 52
10:34:00 319 27 36 320 41 52
10:34:10 318 28 44 320 41 52
10:34:20 317 29 44 320 41 52
10:34:30 317 29 44 320 41 52
10:34:40 317 29 44 320 40 52
10:34:50 318 29 44 320 39 48
10:35:00 318 29 44 320 39 47
10:35:10 319 29 44 321 39 47
10:35:20 319 29 44 321 38 47
10:35:30 320 29 44 321 38 47
10:35:40 320 29 44 320 37 45
10:35:50 320 29 44 320 36 45
10:36:00 321 29 44 320 36 45
10:36:10 321 29 39 320 37 46
10:36:20 321 29 39 321 37 46
10:36:30 321 29 39 321 37 46
10:36:40 320 29 42 321 37 46
10:36:50 320 30 42 321 37 46
10:37:00 321 30 42 321 37 46
10:37:10 320 30 42 321 38 46
10:37:20 39 30 42 320 39 46
10:37:30 319 29 42 320 39 46
10:37:40 319 29 42 321 40 46
10:37:50 319 29 42 321 40 46
10:38:00 319 29 42 321 39 46
10:38:10 320 29 42 321 39 46
10:38:20 319 29 42 321 39 46
10:38:30 320 28 42 321 39 46
10:38:40 320 27 36 321 39 46
10:38:50 319 26 36 321 39 46

AS5-1-8



Two-minute mean wind data — RW 25L/25R touchdown zones

RW 25L RW 25R
Ending-time  Direction Speed Gust Direction Speed Gust
(hh:mm:sec) {degrees) (knots) (knots) (degrees) (knots) (knots)
10:39:00 318 26 36 321 39 46
10:39:10 318 26 36 322 38 46
10:39:20 318 26 36 322 37 44
10:39:30 318 26 36 322 37 45
10:39:40 318 26 36 322 37 45
10:39:50 318 26 35 322 37 45
10:40:00 319 25 34 322 38 45
10:40:10 318 24 32 322 38 45
10:40:20 318 23 32 322 38 45
10:40:30 318 23 32 322 38 45
10:40:40 318 24 32 322 39 45
10:40:50 318 24 32 322 39 45
10:41:00 318 25 33 321 39 45
10:41:10 319 25 33 322 39 45
10:41:20 319 25 33 322 39 45
10:41:30 - 319 25 33 321 39 45
10:41:40 319 25 33 321 38 45
10:41:50 319 25 33 321 38 45
10:42:00 317 26 36 321 38 45
10:42:10 318 26 36 320 38 45
10:42:20 318 27 36 320 37 45
10:42:30 318 27 36 320 36 44
10:42:40 317 28 36 320 36 42
10:42:50 317 28 36 319 35 41
10:43:00 317 27 36 318 36 41
10:43:10 316 26 36 318 36 42
10:43:20 317 26 36 318 36 43
10:43:30 316 25 36 318 37 43
10:43:40 317 24 36 318 37 43
10:43:50 317 25 36 318 37 43
10:44:00 318 24 35 318 37 43
10:44:10 318 24 35 318 37 43
10:44:20 318 25 39 318 37 43
10:44:30 319 25 39 318 38 43
10:44:40 319 25 39 318 38 43
10:44:50 319 26 39 319 38 43
10:45:00 320 26 39 319 38 43

Note : Gust figures evaluated from running 3 — second mean wind sequence

A5-1-9



Appendix 5-2

Ten-second mean wind data — RW 07L/07R touchdown zones

RW Q7L RW 07R
Ending-time Direction Speed Direction Speed
(hh:mm:sec) (degrees) (knots) (degrees) (knots)
10:25:00 310 28 312 34
10:25:10 312 32 315 32
10:25:20 308 31 313 28
10:25:30 313 42 313 28
10:25:40 317 42 312 37
10:25:50 313 36 313 38
10:26:00 311 38 315 33
10:26:10 318 46 315 33
10:26:20 322 41 322 26
10:26:30 318 40 322 24
10:26:40 317 39 319 22
10:26:50 318 39 308 27
10:27:00 312 35 308 27
10:27:10 313 38 305 32
10:27:20 320 44 315 31
10:27:30 320 48 304 33
10:27:40 315 39 304 33
10:27:50 316 40 315 31
10:28:00 316 34 313 31
10:28:10 314 31 308 31
10:28:20 311 38 304 29
10:28:30 314 42 304 29
10:28:40 311 37 300 28
10:28:50 315 36 305 36
10:29:00 314 35 307 30
10:29:10 314 39 307 30
10:29:20 317 39 309 27
10:29:30 323 41 302 28
10:29:40 323 42 308 30
10:29:50 320 41 305 33
10:30:00 318 35 305 29
10:30:10 318 42 306 28
10:30:20 316 42 301 31
10:30:30 313 37 315 29
10:30:40 316 44 315 29
10:30:50 313 43 310 31
10:31:00 321 43 308 31
10:31:10 316 3% 309 30
10:31:20 316 45 308 28
10:31:30 316 40 307 30
10:31:40 322 42 311 32
10:31:50 324 44 312 35

AS-2-1



Ten-second mean wind data — RW 07L/07R touchdown zones

RW 07L RW 07R
Ending-time Direction Speed Direction Speed
(hh:mm:sec) (degrees) (knots) (degrees) (knots)
10:32:00 316 40 306 32
10:32:10 313 31 307 37
10:32:20 314 30 312 34
10:32:30 314 37 309 32
10:32:40 316 33 311 31
10:32:50 320 41 312 28
10:33:00 319 40 309 31
10:33:10 315 34 308 31
10:33:20 314 33 312 29
10:33:30 317 40 31 24
10:33:40 318 41 309 24
10:33:50 324 40 308 27
10:34:00 317 36 307 26
10:34:10 311 34 306 27
10:34:20 314 36 306 27
10:34:30 319 39 308 28
10:34:40 317 43 308 28
10:34:50 317 40 318 27
10:35:00 317 42 318 27
10:35:10 315 34 324 24
10:35:20 315 31 325 21
10:35:30 313 31 326 21
10:35:40 314 33 319 28
10:35:50 313 35 319 28
10:36:00 316 36 309 26
10:36:10 317 34 313 27
10:36:20 318 35 317 24
10:36:30 316 36 309 29
10:36:40 324 38 314 24
10:36:50 316 36 317 28
10:37:00 318 35 320 27
10:37:10 318 45 313 27
10:37:20 319 41 313 27
10:37:30 316 34 308 29
10:37:40 316 38 313 26
10:37:50 316 37 309 25
10:38:00 313 37 310 26
10:38:10 312 38 308 31
10:38:20 310 33 305 33
10:38:30 310 36 311 38
10:38:40 315 39 315 32
10:38:50 313 35 315 32

AS5-2-2



Ten-second mean wind data — RW 07L/07R touchdown zones

RW 07L RW 07R
Ending-time Direction Speed Direction Speed
(hh:mm:sec) (degrees) (knots) (degrees) (knots)
10:39:00 315 38 315 30
10:39:10 312 39 309 30
10:39:20 309 39 314 27
10:39:30 312 42 314 27
10:39:40 315 39 315 25
10:39:50 314 39 309 31
10:40:00 318 40 310 33
10:40:10 318 43 310 36
10:40:20 315 34 310 36
10:40:30 310 33 308 34
10:40:40 310 32 305 31
10:40:50 310 33 303 34
10:41:00 311 35 303 34
10:41:10 309 36 308 33
10:41:20 308 34 316 29
10:41:30 309 35 316 28
10:41:40 312 35 304 29
10:41:50 315 37 304 29
10:42:00 316 40 307 30
10:42:10 316 38 307 29
10:42:20 313 39 308 26
10:42:30 311 34 308 . 26
10:42:40 315 35 313 28
10:42:50 313 36 316 27
10:43:00 315 35 311 27
10:43:10 315 30 316 28
10:43:20 316 30 316 28
10:43:30 316 30 308 26
10:43:40 312 28 309 28
10:43:50 319 29 317 24
10:44:00 315 27 317 24
10:44:10 313 32 310 30
10:44:20 317 36 308 27
10:44:30 317 38 301 31
10:44:40 319 35 307 34
10:44:50 321 35 307 34
10:45:00 321 38 313 31

AS-2-3



Ten-second mean wind data — RW 07L/25R and RW 07R/25L mid-points

RW 07L/25R RW 07R/25L
Ending-time Direction Speed Direction Speed
(hh:mm:sec) {degrees) (knots) (degrees) (knots)
10:25:00 325 34 310 35
10:25:10 320 35 298 34
10:25:20 320 45 311 32
10:25:30 326 43 314 32
10:25:40 326 43 308 40
10:25:50 324 40 312 40
10:26:00 324 40 313 38
10:26:10 318 36 312 39
10:26:20 318 36 302 37
10:26:30 316 42 305 35
10:26:40 324 40 314 33
10:26:50 327 34 315 _ 33
10:27:00 329 40 31 32
10:27:10 325 42 311 31
10:27:20 323 37 304 34
10:27:30 327 44 308 33
10:27:40 321 37 310 39
10:27:50 321 37 315 37
10:28:00 320 42 316 39
10:28:10 324 43 311 35
10:28:20 324 40 306 36
10:28:30 322 40 305 36
10:28:40 321 37 306 34
10:28:50 324 42 307 33
10:29:00 325 39 306 37
10:29:10 327 38 310 40
10:29:20 327 38 315 35
10:29:30 327 40 312 34
10:29:40 323 35 311 38
10:29:50 321 44 309 36
10:30:00 321 44 301 32
10:30:10 321 38 302 34
10:30:20 323 46 305 33
10:30:30 326 42 302 32
10:30:40 321 43 306 38
10:30:50 322 48 301 42
10:31:00 320 45 310 41
10:31:10 324 40 312 40
10:31:20 319 36 312 39
10:31:30 319 36 315 37
10:31:40 321 35 313 32
10:31:50 320 45 307 28

AS-2-4



Ten-second mean wind data — RW 07L/25R and RW (7R/25L mid-points

RW 07L/25R RW 07R/25L
Ending-time Direction Speed Direction Speed
(hh:mm:sec) (degrees) (knots) (degrees) (knots)
10:32:00 321 44 310 25
10:32:10 321 44 309 28
10:32:20 319 40 314 28
10:32:30 319 42 306 29
10:32:40 323 37 305 40
10:32:50 321 38 310 36
10:33:00 321 38 306 35
10:33:10 321 37 304 35
10:33:20 324 42 310 37
10:33:30 317 43 308 36
10:33:40 317 43 300 35
10:33:50 322 39 303 34
10:34:00 324 38 302 34
10:34:10 325 44 307 35
10:34:20 322 40 307 32
10:34:30 322 40 309 34
10:34:40 326 36 306 37
10:34:50 330 39 310 39
10:35:00 324 34 310 42
10:35:10 324 34 313 42
10:35:20 324 40 311 38
10:35:30 322 38 303 35
10:35:40 318 38 308 37
10:35:50 324 37 309 34
10:36:00 324 37 312 34
10:36:10 322 39 308 30
10:36:20 324 37 308 28
10:36:30 321 37 307 29
10:36:40 321 37 309 30
10:36:50 320 37 307 30
10:37:00 321 33 309 32
10:37:10 318 40 311 31
10:37:20 318 40 304 32
10:37:30 321 42 303 35
10:37:40 324 40 313 36
10:37:50 322 40 309 32
10:38:00 327 37 311 35
10:38:10 323 33 303 30
10:38:20 322 33 308 32
10:38:30 320 38 312 31
10:38:40 322 37 309 32
10:38:50 321 36 312 33

AS5-2-5



Ten-second mean wind data — RW 07L/25R and RW 07R/25L mid-points

RW 07L/25R RW 07R/25L
Ending-time Direction Speed Direction Speed
(hh:mm:sec) (degrees) (knots) (degrees) (knots)
10:39:00 320 36 309 33
10:39:10 325 36 312 37
10:39:20 323 35 313 35
10:39:30 324 39 313 35
10:39:40 324 39 306 29
10:39:50 320 42 305 34
10:40:00 327 42 313 31
10:40:10 325 45 306 30
10:40:20 325 45 302 33
10:40:30 320 37 312 36
10:40:40 319 34 313 35
10:40:50 323 34 314 28
10:41:00 318 36 310 27
10:41:10 318 36 309 29
10:41:20 315 39 305 30
10:41:30 323 42 308 33
10:41:40 319 43 312 38
10:41:50 319 43 311 35
10:42:00 315 39 305 31
10:42:10 315 40 303 33
10:42:20 314 37 303 33
10:42:30 319 35 302 35
10:42:40 319 35 299 32
10:42:50 315 33 305 32
10:43:00 320 39 309 32
10:43:10 321 39 307 34
10:43:20 324 40 303 31
10:43:30 325 38 311 31
10:43:40 322 37 307 30
10:43:50 321 38 319 29
10:44:00 320 36 309 31
10:44:10 320 36 312 29
10:44:20 318 33 309 29
10:44:30 323 35 308 32
10:44:40 320 38 306 35
10:44:50 320 38 306 35
10:45:00 321 37 312 32

A5-2-6



Ten-second mean wind data — RW 25L/25R touchdown zones

RW 25R RW 25L
Ending-time Direction Speed Direction Speed
(hh:mm:sec) {(degrees) (knots) (degrees) (knots)
10:25:00 325 41 328 30
10:25:10 322 42 324 26
10:25:20 325 39 523 28
10:25:30 326 37 319 26
10:25:40 326 40 309 25
10:25:50 321 40 300 28
10:26:00 325 40 315 28
10:26:10 325 44 318 23
10:26:20 323 42 319 23
10:26:30 324 41 317 31
10:26:40 329 40 318 36
10:26:50 328 41 310 36
10:27:00 331 41 319 32
10:27:10 323 36 320 31
10:27:20 327 43 317 29
10:27:30 326 41 329 30
10:27:40 323 40 327 30
10:27:50 322 41 319 26
10:28:00 321 39 312 29
10:28:10 319 47 326 35
10:28:20 320 44 326 30
10:28:30 320 41 315 31
10:28:40 322 39 318 32
10:28:50 319 45 314 31
10:29:00 322 42 320 32
10:29:10 321 44 320 36
10:29:20 321 46 317 31
10:29:30 317 45 314 27
10:29:40 320 4] 313 38
10:29:50 320 45 322 34
10:30:00 322 49 320 29
10:30:10 323 52 326 33
10:30:20 327 38 327 25
10:30:30 323 35 319 3]
10:30:40 324 37 326 28
10:30:50 324 42 320 31
10:31:00 325 41 320 27
10:31:10 326 40 321 31
10:31:20 323 42 322 33
10:31:30 331 41 323 36
10:31:40 323 40 323 32
10:31:50 320 44 320 31

AS5-2-7



Ten-second mean wind data — RW 25L/25R touchdown zones

RW 25R RW 25L
Ending-time Direction Speed Direction Speed
(hh:mm:sec) {degrees) (knots) (degrees) (knots)
10:32:00 322 42 320 29
10:32:10 324 42 325 23
10:32:20 321 43 320 24
10:32:30 323 39 319 28
10:32:40 322 42 327 31
10:32:50 322 36 311 24
10:33:00 321 40 317 28
10:33:10 318 37 322 25
10:33:20 319 39 322 27
10:33:30 320 39 314 29
10:33:40 326 43 320 33
10:33:50 323 41 315 28
10:34:00 316 39 3N 28
10:34:10 319 39 312 35
10:34:20 319 40 317 34
10:34:30 320 38 320 31
10:34:40 321 38 326 29
10:34:50 318 37 325 25
10:35:00 321 36 315 27
10:35:10 325 35 331 26
10:35:20 322 33 328 26
10:35:30 320 35 314 30
10:35:40 318 33 323 31
10:35:50 322 37 321 32
10:36:00 319 35 314 28
10:36:10 323 43 317 31
10:36:20 323 40 324 28
10:36:30 319 40 316 30
10:36:40 320 41 318 34
10:36:50 322 40 325 33
10:37:00 322 37 320 31
10:37:10 319 40 323 25
10:37:20 320 43 316 24
10:37:30 318 42 319 19
10:37:40 326 38 318 28
10:37:50 321 36 320 33
10:38:00 321 33 314 34
10:38:10 322 37 324 32
10:38:20 322 40 317 24
10:38:30 323 41 325 21
10:38:40 321 4] 313 21
10:38:50 323 35 321 24

AS-2-8



Ten-second mean wind data — RW 25L/25R touchdown zones

RW 25R RW 251
Ending-time Direction Speed Direction Speed
(hh:mm:sec) (degrees) (knots) {degrees) {(knots)
10:39:00 321 37 311 24
10:39:10 322 31 319 29
10:39:20 322 33 313 22
10:39:30 324 43 322 26
10:39:40 326 39 315 27
10:39:50 322 38 323 26
10:40:00 320 37 328 20
10:40:10 321 38 316 21
10:40:20 319 44 314 19
10:40:30 321 45 317 22
10:40:40 319 42 322 24
10:40:50 322 40 318 26
10:41:00 319 35 314 31
10:41:10 323 33 324 29
10:41:20 324 38 317 27
10:41:30 321 36 321 29
10:41:40 317 30 320 29
10:41:50 320 38 316 24
10:42:00 320 38 307 29
10:42:10 319 38 325 28
10:42:20 316 37 315 25
10:42:30 317 31 319 26
10:42:40 318 37 310 31
10:42:50 314 36 319 27
10:43:00 312 37 311 19
10:43:10 317 40 317 21
10:43:20 319 41 321 22
10:43:30 322 39 319 21
10:43:40 320 35 322 22
10:43:50 318 37 321 27
10:44:00 321 36 317 21
10:44:10 319 38 323 28
10:44:20 318 39 320 35
10:44:30 320 -39 325 29
10:44:40 317 36 312 32
10:44:50 321 38 323 33
10:45:00 317 41 319 24

A5-2-9



Appendix 5-3

1-second wind direction and speed recorded at 25L/25R TDZ anemometers

Date

22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99

Time

UTO)

10:42:00
10:42:01
10:42:02
10:42:03
10:42:04
10-42:05
10:42:06
10:42:07
10:42:08
10:42:09
10:42:10
10:42:11
10:42:12
10:42:13
10:42:14
10:42:15
10:42:16
10:42:17
10:42:18
10:42:19
10:42:20
10:42:21
10:42:22
10:42:23
10:42:24
10:42:25
10:42:26
10:42:27
10:42:28
10:42:29
10:42:30
10:42:31
10:42:32
10:42:33
10:42:34
10:42:35
10:42:36
10:42:37
10:42:38
10:42:39
10:42:40
10:42:41
10:42:42
10:42:43

RW 25L
Direction Speed
(degrees) (knots)
310 28
334 31
328 28
324 28
339 25
329 27
324 31
326 31
323 29
310 26
311 23
311 23
311 26
311 24
320 23
319 25
326 24
330 24
314 26
299 26
310 25
314 27
313 26
313 28
299 28
314 31
314 27
340 22
321 21
326 21
334 27
323 34
320 36
320 35
311 30
300 29
293 29
308 26
303 31
323 31
303 28
318 25
318 26
331 26

AS5-3-1

RW 25R
Direction Speed
(degrees) (knots)
319 34
321 36
320 37
319 37
319 37
321 40
319 39
319 38
315 37
318 36
319 39
318 39
318 40
315 39
315 38
316 36
319 37
319 36
315 36
315 34
314 31
315 28
315 29
314 29
319 30
316 30
314 33
319 31
318 33
320 33
321 35
320 33
313 32
321 34
318 38
318 38
319 37
318 40
318 41
320 40
321 41
318 42
315 42
318 39



1-second wind direction and speed recorded at 25L/25R TDZ anemometers

Date

22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99

Time

(UTC)

10:42:44
10:42:45
10:42:46
10:42:47
10:42:48
10:42:49
10:42:50
10:42:51
10:42:52
10:42:53
10:42:54
10:42:55
10:42:56
10:42:57
10:42:58
10:42:59
10:43:00
10:43:01
10:43:02
10:43:03
10:43:04
10:43:05
10:43:06
10:43:07
10:43:08
10:43:09
10:43:10
10:43:11
10:43:12
10:43:13
10:43:14
10:43:15
10:43:16
10:43:17
10:43:18
10:43:19
10:43:20
10:43:21
10:43:22
10:43:23
10:43:24
10:43:25
10:43:26
10:43:27

RW 25L
Direction Speed
(degrees) (knots)
326 29
318 29
3i3 29
311 28
314 27
324 24
316 23
314 23
319 21
318 20
309 19
311 18
310 19
309 18
299 18
301 18
323 20
320 2]
320 23
321 23
319 20
324 20
308 19
283 19
320 18
345 22
306 20
335 20
339 17
294 14
303 15
311 21
320 24
331 28
324 28
325 26
325 24
319 25
323 24
309 22
328 22
325 21
314 22
321 21

AS-3-2

RW 25R
Direction Speed
(degrees) (knots)
318 36
315 39
314 37
313 30
309 29
314 30
309 33
304 31
299 30
318 35
310 40
313 38
314 37
318 38
314 37
313 40
316 39
314 40
320 41
314 38
321 39
318 35
314 37
318 41
321 43
316 43
319 41
314 41
318 39
320 42
321 43
319 42
318 4]
321 40
320 39
316 39
319 41
320 39
326 40
324 39
320 39
325 39
320 40
320 41



1-second wind direction and speed recorded at 25L/25R TDZ anemometers

Date

22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99

22-Aug-99

22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99

Time

(UTC)

10:43:28
10:43:29
10:43:30
10:43:31
10:43:32
10:43:33
10:43:34
10:43:35
10:43:36
10:43:37
10:43:38
10:43:39
10:43:40
10:43:41
10:43:42
10:43:43
10:43:44
10:43:45
10:43:46
10:43:47
10:43:48
10:43:49
10:43:50
10:43:51
10:43:52
10:43:53
10:43:54
10:43:55
10:43:56
10:43:57
10:43:58
10:43:59
10:44:00

RW 251,
Direction Speed
(degrees) (knots)
318 20
315 19
321 18
323 17
316 19
315 20
318 21
330 19
333 19
320 25
318 29
330 26
315 24
309 27
316 30
319 29
320 26
319 26
330 26
329 26
329 26
325 25
316 24
311 23
328 23
334 21
329 22
334 24
314 23
301 19
305 17
305 17
305 19

AS5-3-3

RW 25R
Direction Speed
(degrees) (knots)
320 37
320 35
320 38
320 37
321 34
319 34
320 31
325 34
321 38
318 37
316 38
320 36
321 35
318 31
318 32
320 36
318 37
318 35
316 38
318 39
319 40
321 40
318 39
324 37
321 36
321 36
326 37
324 38
320 35
316 35
318 37
320 34
319 30



1-second wind direction and speed recorded at 07L/07R TDZ anemometers

Date

22-Ang-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99

Time

(UTC)

10:42:00
10:42:01
10:42:02
10:42:03
10:42:04
10:42:05
10:42:06
10:42:07
10:42:08
10:42:09
10:42:10
10:42:11
10:42:12
10:42:13
10:42:14
10:42:15
10:42:16
10:42:17
10:42:18
10:42:19
10:42:20
10:42:21
10:42:22
10:42:23
10:42:24
10:42:25
10:42:26
10:42:27
10:42:28
10:42:29
10:42:30
10:42:31
10:42:32
10:42:33
10:42:34
10:42:35
10:42:36
10:42:37
10:42:38
10:42:39
10:42:40
10:42:41
10:42:42
10:42:43

RW 07L
Direction Speed
(degrees) (knots)
315 43
316 43
324 42
316 43
316 38
311 37
319 37
316 35
309 32
320 33
314 36
314 36
316 37
313 36
314 36
318 41
314 43
315 45
310 45
310 38
309 35
315 35
311 38
313 34
313 34
313 36
306 33
304 33
310 32
313 31
316 31
323 32
313 29
313 30
310 28
309 33
315 37
320 37
316 40
320 42
315 44
319 43
313 40
316 39

A5-34

RWO7R
Direction Speed
(degrees) (knots)
304 31
310 31
310 30
303 31
308 31
313 31
309 29
303 27
301 28
308 27
303 27
305 28
308 26
303 24
300 26
310 25
314 25
309 27
309 27
308 29
313 27
305 26
311 27
309 27
311 28
313 29
310 29
315 27
318 30
316 31
319 28
329 29
309 29
304 27



1-second wind direction and speed recorded at 07L/07R TDZ anemometers

Date

22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99

Time

(UTC)

10:42:44
10:42:45
10:42:46
10:42:47
10:42:48
10:42:49
10:42:50
10:42:51
10:42:52
10:42:53
10:42:54
10:42:55
10:42:56
10:42:57
10:42:58
10:42:59
10:43:00
10:43:01
10:43:02
10:43:03
10:43:04
10:43:05
10:43:06
10:43:07
10:43:08
10:43:09
10:43:10
10:43:11
10:43:12
10:43:13
10:43:14
10:43:15
10:43:16
10:43:17
10:43:18
10:43:19
10:43:20
10:43:21
10:43:22
10:43:23
10:43:24
10:43:25
10:43:26
10:43:27

RW 07L
Direction Speed
(degrees) (knots)
316 39
314 38
308 30
314 31
31 31
309 34
313 32
310 34
315 35
319 35
315 36
314 36
313 35
315 33
315 35
319 34
315 33
313 32
311 33
310 29
316 31
315 31
321 30
315 29
316 27
315 29
319 33
321 31
314 32
315 33
309 32
314 30
314 28
319 28
321 27
318 28
316 29
319 29
318 32
320 33
318 33
319 32
315 30
318 31

A5-3-5

RW 07R
Direction Speed
(degrees) (knots)
310 27
310 28
311 28
326 27
326 25
319 25
316 24
311 24
310 23
306 25
306 26
315 30
304 28
314 27
318 27
31 28
311 28
313 28
316 29
320 30
319 28
306 27
316 29
315 28
314 28
315 28
321 29
306 27
310 24
308 26
308 26
313 26
304 25
306 23



1-second wind direction and speed recorded at 07L/07R TDZ anemometers

Date

22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99

22-Aug-99

22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99
22-Aug-99

Time

UTGC)

10:43:28
10:43:29
10:43:30
10:43:31
10:43:32
10:43:33
10:43:34
10:43:35
10:43:36
10:43:37
10:43:38
10:43:39
10:43:40
10:43:41
10:43:42
10:43:43
10:43:44
10:43:45
10:43:46
10:43:47
10:43:48
10:43:49
10:43:50
10:43:51
10:43:52
10:43:53
10:43:54
10:43:55
10:43:56
10:43:57
10:43:58
10:43:59
10:44:00

RW 07L
Direction Speed
(degrees) {(knots)
309 30
310 27
311 26
313 28
314 28
311 26
311 26
314 27
310 28
314 28
311 31
311 31
311 29
314 31
320 31
319 30
324 30
320 29
318 29
320 28
315 28
318 27
319 28
320 26
320 26
316 24
316 24
310 24
311 25
315 28
318 29
315 29
313 30

AS5-3-6

RW 07R
Direction Speed
(degrees) (knots)
301 25
306 29
314 29
303 29
305 29
305 31
316 30
304 28
308 30
309 27
313 26
313 26
315 25
305 28
315 27
311 25
324 26
318 25
324 24
320 23
319 21
31 22
320 24



Appendix 6

One-minute mean cloud base heights

Ending-time Cloud base
(hh:mm:ss) (feet)
10:41:00 1300
10:41:10 1300
10:41:20 500
10:41:30 900
10:41:40 1200
10:41:50 800
10:42:00 900
10:42:10 900
10:42:20 1100
10:42:30 2300
10:42:40 2300
10:42:50 2300
10:43:00 1400
10:43:10 1400
10:43:20 1300
10:43:30 1200
10:43:40 1200
10:43:50 1400
10:44:00 1400
Notes : i) Cloud base height (feet above mean sea level) measured by ceilometer at

meteorological enclosure
i) Touchdown elevation of RW25L =27 feet

i) Aerodrome elevation is 19 feet above mean sea level.

A6-1



Appendix 7

Five-minute cumulative rainfall data

Ending-time Rainfall
{hh:mm:ss) (mm)
10:41:00 0.2
10:41:10 | 0.2
10:41:20 0.2
10:41:30 0.2
10:41:40 0.2
10:41:50 02
10:42:00 0.2
10:42:10 0.2
10:42:20 0.1
10:42:30 0.1
10:42:40 0.1
10:42:50 0.1
10:43:00 0.1
10:43:10 0.1
10:43:20 0.1
10:43:30 0.1
10:43:40 0.1
10:43:50 0.1
10:44:00 0.1

Notes : 1) Rainfall recorded by rain gauge at meteorological enclosure

AT7-1



Appendix 8

WTWS Alerts
ISSUE TIME: 22/08/1999 10:05 ISSUE TIME: 22/08/1999 10:09
07RA MOD TURB ARR 07RA MOD TURB ARR
07RD WSA 15K+ 1MD 07RD WSA 20K+ [MD
07L.LA MOD TURB ARR 07LA MOD TURB ARR
07LD SVR TURB DEP 07LD SVR TURB DEP
25RA SVR TURB ARR 25RA SVR TURB ARR
25RD MOD TURB DEP 25RD MOD TURB DEP
25LA WSA 15K+ 3MF ’ 25LA WSA 20K+ 2MF
25LD MOD TURB DEP 25LD MOD TURB DEP
ISSUE TIME: 22/08/1999 10:06 ISSUE TIME: 22/08/1999 10:10
07RA MOD TURB ARR 07RA MOD TURB ARR
O7RD WSA 20K+ IMD 07RD WSA 20K+ IMD
07LA MOD TURB ARR 07LA MOD TURB ARR
07LD SVR TURB DEP 07LD SVR TURB DEP
25RA SVR TURB ARR 25RA SVR TURB ARR
25RD MOD TURB DEP 25RD MOD TURB DEP
25LA WSA 20K+ 3MF 25LA WSA 20K+ 2MF
25LD MOD TURB DEP 25L.D MOD TURB DEP
ISSUE TIME: 22/08/1999 10:07 ISSUE TIME: 22/08/1999 10:11
07RA MOD TURB ARR 07RA MOD TURB ARR
07RD WSA 20K+ 1MD 07RD WSA 15K+ IMD
07LA MOD TURB ARR 07LA. MOD TURB ARR
07LD SVR TURB DEP 07LD SVR TURB DEP
25RA SVR TURB ARR 25RA SVR TURE ARR
25RD MOD TURB DEP 25RD MOD TURB DEP
25LA WSA 20K+ 3MF 25LA WSA 15K+ 2MF
25LD MOD TURB DEP 25LD MOD TURB DEP
ISSUE TIME: 22/08/1999 10:08 ISSUE TIME: 22/08/1999 10:12
07RA MOD TURB ARR 07RA MOD TURB ARR
07RD WSA 20K+ 1MD 07RD WSA 20K+ IMD
07LA MOD TURB ARR 07LA MOD TURB ARR
07LD SVR TURB DEP 07LD WSA 15K+ RWY
25RA SVR TURB ARR 25RA WSA 15K+ 3MF
25RD MOD TURB DEP 25RD MOD TURB DEP
25LA WSA 20K+ 3MF 25LA WSA 20K+ 3MF
25L.D MOCD TURB DEP 25LD MOD TURB DEP

AS- 1



WTWS Alerts

ISSUE TIME: 22/08/1999 10:13 ISSUE TIME: 22/08/1999 10:17
07RA MOD TURB ARR 07RA MOD TURB ARR
07RD WSA 15K+ 1IMD 07RD MOD TURB DEP
07LA MOD TURB ARR 07LA MOD TURB ARR
07LD WSA 15K+ RWY 07LD WSA 15K+ RWY
25RA WSA 15K+ 2MF 25RA WSA 15K+ 2MF
25RD MOD TURB DEP 25RD MOD TURB DEP
25LA WSA 15K+ 2MF 25LA MOD TURB ARR
25LD MOD TURB DEP 25LD MOD TURB DEP
ISSUE TIME: 22/08/1999 10:14 ISSUE TIME: 22/08/1999 10:18
07RA MOD TURB ARR 07RA MOD TURB ARR
07RD MOD TURB DEP 07RD MOD TURB DEP
07LA MOD TURB ARR 07LA MOD TURB ARR
07LD WSA 15K+ RWY 07LD SVR TURB DEP
25RA WSA 15K+ Z2ZMF 25RA SVR TURB ARR
25RD MOD TURB DEP 25RD MOD TURB DEP
25LA MOD TURB ARR 25LA MOD TURB ARR
25LD MOD TURB DEP 25LD MOD TURB DEP
ISSUE TIME: 22/08/1999 10:15 ISSUE TIME: 22/08/1999 10:19
07RA MOD TURB ARR 07RA MOD TURB ARR
07RD WSA 20K+ IMD 07RD MOD TURB DEP
07LA MOD TURB ARR 07LA MOD TURB ARR
07LD SVR TURB DEP 07LD SVR TURB DEP
25RA SVR TURB ARR 25RA SVR TURB ARR
25RD MOD TURB DEP 25RD MOD TURB DEP
25LA WSA 20K+ 2MF 25LA MCD TURB ARR
25LD MOD TURB DEP 25LD MOD TURB DEP
ISSUE TIME: 22/08/1999 10:16 ISSUE TIME: 22/08/1999 10:20
07RA MOD TURB ARR 07RA MOD TURB ARR
07RD WSA 15K+ IMD 07RD MOD TURB DEP
07LA MOD TURB ARR 07LA MOD TURB -ARR
07LD WSA 15K+ 1IMD 07LD MOD TURB DEP
25RA WSA 15K+ IMF 25RA MOD TURB ARR
25RD MOD TURB DEP 25RD MOD TURB DEP
25LA WSA 15K+ 2MF 25LA MOD TURB ARR
25L.D0 MOD TURB DEP 25LD MOD TURB DEP

A8 -2



WTWS Alerts

ISSUE TIME: 22/08/1999 10:21 ISSUE TIME: 22/08/1999 10:25
07RA MOD TURB ARR 07RA MOD TURB ARR
07RD MOD TURB DEP 07RD MOD TURB DEP
07LA MOD TURB ARR 07LA MOD TURB ARR
07LD SVR TURB DEP 07LD MOD TURB DEP
25RA SVR TURB ARR 25RA MOD TURB ARR
25RD MOD TURB DEP 25RD MOD TURB DEP
25LA MOD TURB ARR 25LA MOD TURB ARR
25LD MOD TURB DEP 25LD MOD TURB DEP
ISSUE TIME: 22/08/1999 10:22 ISSUE TIME: 22/08/1999 10:26
07RA MOD TURB ARR 07RA MOD TURB ARR
07RD MOD TURB DEP 07RD MOD TURB DEP
07LA MOD TURB ARR 07LA MOD TURB ARR
07LD SVR TURB DEP 07LD MOD TURB DEP
25RA SVR TURB ARR 25RA MOD TURB ARR
25RD MOD TURB DEP 25RD MOD TURB DEP
25LA MOD TURB ARR 25LA MOD TURB ARR
25LD MOD TURB DEP 25LD MOD TURB DEP
ISSUE TIME: 22/08/1999 10:23 ISSUE TIME: 22/08/1999 10:27
07RA MOD TURB ARR 07RA MOD TURB ARR
07RD MOD TURB DEP 07RD MOD TURB DEP
07LA MOD TURB ARR 07LA° MOD TURB ARR
7LD MOD TURB DEP 07LD MOD TURB DEP
25RA MOD TURB ARR 25RA MOD TURB ARR
25RD MOD TURB DEP 25RD MOD TURB DEP
25LA MOD TURB ARR 25LA MOD TURB ARR
25LD MOD TURB DEP 25LD MOD TURB DEP
ISSUE TIME: 22/08/1999 10:24 ISSUE TIME: 22/08/1999 10:28
07RA MOD TURB ARR 07RA MOD TURB ARR
07RD MOD TURB DEP 07RD MOD TURB DEP
07LA MOD TURB ARR 07LA MOD TURB ARR
07LD MOD TURB DEP 07LD SVR TURB DEP
25RA MOD TURB ARR 25RA SVR TURB ARR
25RD MOD TURB DEP 25RD MOD TURB DEP
25LA MOD TURB ARR 25LA MOD TURB ARR
25LD MOD TURB DEP 25LD MOD TURB DEP
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WTWS Alerts

ISSUE TIME: 22/08/1999 10:29 ISSUE TIME: 22/08/1999 10:33
07RA MOD TURB ARR 07RA MOD TURB ARR
07RD MOD TURB DEP 07RD MOD TURB DEP

07LA MOD TURB ARR 07LA MOD TURB ARR
07LD MOD TURB DEP 07LD MOD TURB DEP
25RA MOD TURB ARR 25RA MOD TURB ARR
25RD MOD TURB DEP 25RD MOD TURB DEP

23LA MOD TURB ARR 25LA MOD TURB ARR
25LD MOD TURB DEP 25LD MOD TURB DEP
ISSUE TIME: 22/08/1999 10:30 ISSUE TIME: 22/08/1999 10:34
07RA MOD TURB ARR 07RA MOD TURB ARR
07RD MOD TURB DEP 07RD MOD TURB DEP

07LA MOD TURB ARR 07LA MOD TURB ARR
07LD MOD TURB DEP 07LD MOD TURB DEP
25RA MOD TURB ARR 25RA MOD TURB ARR
25RD MOD TURB DEP 25RD MOD TURB DEP

25LA MOD TURB ARR 25LA MOD TURB ARR
25L.D MOD TURB DEP 25LD MOD TURB DEP
ISSUE TIME: 22/08/1999 10:31 ISSUE TIME: 22/08/1999 10:35
07RA MOD TURB ARR 07RA MOD TURB ARR
07RD MOD TURB DEP 07RD MOD TURB DEP

07LA MOD TURB ARR 07LA

07LD MOD TURB DEP 07LD MOD TURB DEP
25RA MOD TURB ARR 25RA MOD TURB ARR
25RD MOD TURB DEP 25RD

25LA MOD TURB ARR 25LA MOD TURB ARR
25LD MOD TURB DEP 25LD MOD TURB DEP
ISSUE TIME: 22/08/1999 10:32 ISSUE TIME: 22/08/1999 10:36
07RA MOD TURB ARR 07RA MOD TURB ARR
07RD MOD TURB DEP 07RD MOD TURB DEP

07LA MOD TURB ARR 07LA

07LD MOD TURB DEP 07LD MOD TURB DEP

25RA MOD TURB ARR 25RA MOD TURB ARR
25RD MOD TURB DEP 25RD

25LA MOD TURB ARR 25LA MOD TURB ARR
25LD MOD TURB DEP 25LD MOD TURB DEP
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WTWS Alerts

ISSUE TIME: 22/08/1999 10:37 ISSUE TIME: 22/08/1999 10:41
07RA MOD TURB ARR - 07RA

07RD MOD TURB DEP 07RD MOD TURB DEP

07LA 07LA

07LD MOD TURB DEP 07LD MOD TURB DEP
25RA MOD TURB ARR 25RA MOD TURB ARR
25RD 25RD

25LA MOD TURB ARR 25LA MOD TURB ARR
25LD MOD TURB DEP 25LD

ISSUE TIME: 22/08/1999 10:38 ISSUE TIME: 22/08/1999 10:42
"07RA MOD TURB ARR 07RA MOD TURB ARR
07RD MOD TURB DEP 07RD MOD TURB DEP

07LA MOD TURB ARR 07LA

07LD MOD TURB DEP 07LD MOD TURB DEP

25RA MOD TURB ARR 25RA MOD TURB ARR
25RD MOD TURB DEP 25RD

25LA MOD TURB ARR 25LA MOD TURB ARR
25LD MOD TURB DEP 25LD MOD TURB DEP
ISSUE TIME: 22/08/1999 10:39 ISSUE TIME: 22/08/1999 10:43
07RA MOD TURB ARR 07RA

07RD MOD TURB DEP 07RD MOD TURB DEP

07LA 07LA

07LD MOD TURB DEP 07L.D MOD TURB DEP

25RA MOD TURB ARR 25RA MOD TURB ARR
25RD 25RD

25LA MOD TURB ARR 25LA MOD TURB ARR
25LD MOD TURB DEP 25LD

ISSUE TIME: 22/08/1999 10:40 ISSUE TIME: 22/08/1999 10:44
07RA MOD TURB ARR 07RA MOD TURB ARR
07RD MOD TURB DEP 07RD MOD TURB DEP

07LA 07LA

07LD MOD TURB DEP 07LD MOD TURB DEP

25RA MOD TURB ARR 25RA MOD TURB ARR
25RD 25RD

25LA MOD TURB ARR 25LA MOD TURB ARR
25LD MOD TURB DEP 25LD MOD TURB DEP
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WTWS Alerts

ISSUE TIME: 22/08/1999 10:45

07RA
07RD
07LA
07LD
25RA
25RD
25LA
25LD

MOD TURB ARR
MOD TURB DEP

MOD TURB DEP
MOD TURB ARR

MOD TURB ARR
MOD TURB DEP
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Appendix 9

AD2-VHHH-92A

AIP HONG KONG (20 May 1999)
,KISTRUMENT AERODROME ELEV 19 FT TWR 118.4 HONG KONG INTERNATIONAL
APPROACH HEIGHTS RELATED TO : ILS /| DME
CHART THR RWY 25L - ELEV 27 FT APP 119.1 RWY 25L (TD FEED-IN)
113°50'E 114°00' E : 1144'2(:' E
T T Yo 7V -
ALTITUDES, HEIGHTS il KKONG() 947 i;
= AND ELEVATIONS Military) e 2, '
2 IN FEET 7 i
[ e g 2
5 3o
i M'-ﬂ_s - -
= GP 329.3
L DME CH26X
VAR z'w IIIIIIIIII
22°20' N F—— ﬂ‘TS’,g.?LS 22°20' N
LLZ 108.9
| IFL vo so—s o=es

TUNG LUNG
DVOR/DME 116.1
T

290N~

D e 160} - §p_eep [qucnon to 180 kt IA&:.V ls_requlr:ed by

IFLDME 15NM 3
IFL DME 7 NM

= 4500 (4473)
~ MAINTAIN TILL
~ gggg INTERCEPTING GP
"\f‘;u ( )
ELEV 27

NM FROM IFL DME

: g ; ‘_9_0\'/ : it ey
[ NS 55 S P ko ~| 25NM FROM 'TD' DVOR'|
- 2 EAEEN : R o e * WITHIN HK FIR
ek il AL B Bl o Mo T T i o i Wi sl 4 A B B i S Mt Vi T ot By M ol M | TR N | bo
Recommended Profile DME IFL 5 4 3 1
Nominal 3* GP Descent Rate 320 FT/NM | ALT (HGT) | 1627 (1600) | 1307 (1280) 987 (960) 667 (640) 347 (320)
IAF
Toome7nm PVORIDME
TRANSITION ALTITUDE 9000 | ILS RDH 51 | LEFT TURN
INTERCEPT LLZ _
e e <55

Climb gradient

2.5% (152 ft/INM)

3.2% (195 ft/NM)*

CATI1 OCA (OCH) 437 ft (410 ft)

227 ft (200 ft)

CAT Il OCA (OCH) (approved operators) 367 ft (340 ft)

127 ft (100 ft)

* This climb gradient must be achieved until passing 1,800 ft AMSL
MISSED APPROACH

pattern or as directed by ATC.

Climb to 2,000 ft Remain on the extended runway centreline tracking 253°M (or bearing 253°M
to/from LC NDB). At IFL DME 3 NM (west of airport) climb to 4,500 ft. At PRAWN (IFL DME
7 NM) turn left to track 165°M to intercept RDL 250 TD DVOR and join the TD holding

22°10°N

NOTE 1 A speed restriction of 185 kt IAS or less is required until established on track
165°M.
NOTE 2 Aircraft discontinuing an approach at or above 2,000 ft must continue on the

glidepath to 2,000 ft and maintain until IFL DME 3 NM west of the airport.
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22°30'N

22°20'N

22°10'N |-

AD2-VHHH-84A

AIP HONG KONG (15 July 1999)
INSTRUMENT AERODROME ELEV 19 FT HONG KONG INTERNATIONAL
APPROACH HEIGHTS RELATED TO TWR 118.2 ILS / DME
CHART THR RWY 25R - ELEV 23 FT APP 1181 RWY 25R (TD FEED-IN)

113°50'E 114°00' E 114°10' E 114°20' €
= T T T T3 T T < L R T )
! ‘321 ALTITUDES, HEItlsHTS_ 22°30°N
2% S0 AND ELEVATIONS _|

IN FEET
2%

BEARINGS ARE
MAGNETIC

VAR 2°W
(1995)

GP 330.8

DME CH46X ’
B ITFR e = eo—s oo

L LLZ 1109
“ITFR

— ss—s a—3s

__/| DVOR/DME 112.3

CH —s=s wsas

o VAR e
TUNG LUNG
DVOR/DME 116.1
SCALE 1. 400 000 TD -
1/ 2423704 L 5 NM

25NM FROM 'TD’ DVOR 7]
€ * WITHIN HK FIR
Bl ) B I O | 1 I

11.‘3'50' E i s 114°00'E 114°10 E IAE 11420 E
DVOR/DME
TD
FAF
TRANSITION 'RIVER' TD DME 8 NM
ALTITUDE 8000 ITFR s

DME 15 NM

~

- 8000
343 + (7977)

OM FIX ITFR
« MM FIX o4 e D7 NM
ITFR
/ D1 NM 4500 (4477)
\ 350 MNTN TILL
(327) INTERCEPTING GP

<5,
* ~ ILS RDH 50

AT DISPLACED THR

ELEV 23

1
¥ T T T T T T T |

P4 & T TR Tk
NM FROM DME ITFR

Climb gradient
2.5% (152 ft/NM) | 3% (183 ft/NM)* 4% (243 ftINM)* | 4.3% (262 ft/NM)*

CAT | OCA (OCH) 934 ft (911 ft) 694 ft (671 ft) 292 ft (2689 ft) 223 ft (200 ft)

CAT Il OCA (OCH)

(approved operators) 858 ft (835 ft) 618 ft (595 ft) 216 ft (193 ft) 123 ft (100 ft)

¥

These climb gradients must be achieved until passing 3,000 ft AMSL

MISSED APPROACH

Climb to 2,000 ft. Remain on the extended runway centreline tracking 253°M. At ITFR DME 3 NM
(west of airport), climb to 3,000 ft and turn right to establish LKC DVOR RDL 230 inbound. At

LKC DME 2 NM, climb to maintain 4,500 ft and turn right to establish inbound on CH DVOR
RDL 324. At CH turn left direct to TD DVOR and hold or proceed as directed by ATC.

NOTE 1 For ILS CAT Il approach, aircraft must achieve a missed approach climb gradient of
4.3% (262 f/NM) or greater until passing 3,000 ft AMSL,

NOTE 2 A speed restriction of 185 kt or less is required until established on CH RDL 324.

NOTE 3 Aircraft discontinuing the approach at or above 2,000 ft must continue on the glidepath
to 2,000 ft. Maintain 2,000 ft on the extended runway centreline untii ITFR DME 3 NM

(west of airport).
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Appendix 10

RELEVANT CVR TRANSCRIPTS
DESCENT AND FINAL APPROACH

o dpmauna
‘Yovosddp s T ‘ST 102dxs ‘1sanbai
HO 2]qQUIIDAY Y ¢ 7 ADMuns ‘"oz
‘saw Je 9[qIpne asn up Avmuny Q00| 2uay 1w A4
[113$ InQ s)sedpeOIg -X uonvuLioful 140dary [puODUIIIU]
AL 1_y0 Aq Buoy Suopy st siyy ainpwdap 40f|
PoAR[ISAO JSEOpEOIQ 6671 'oarLy 10f ¢¢ 6] douanbadf]
SLLV JO Jspureway uo dvd-y uonvuLiofur a8pajmowyoy| - SILV| OL:ST:01| S1:#1:01
PHIN JSOIDY od 60:S1-01f ¥1:v1:01
JAYIDIM J5D) 3Y1
ST IDYM “pioy puv YN 01 03 apf Id 10:§1:01} 90%1:01
rY
‘OONVIN Aq yova4 ‘0¢ [T paavapoay| teped| TH91D| 1S:41:01 96-€1:01
ODNVIN 49 Yo024 ‘0¢ [T] pa4v21oas
Apros uaym 1o50y ‘7p9 JISYNAQ| TwIID| eped| syiv1:01] 05:€1:01
0L8T4 P9 ALSYNAQ “opoy| Tepey| THoID| Ot:#1:01] SHiE1:01
Aop poo3 ‘¢ 9zr| mpeyd| THIID| £E:1:01] 8€E1:01
€91 40Py 100110d THY LISYNAT| THIID| 1eped| 8TI1:01| €C€1:01
up3p dvg| Ieped| THIID( LTHI01| ZEELO]
E9T] APPYY 100103 TEY ALSYNAT| THIID| 1epeyd] €T:91:01| 8TEL01
‘Cr9 ALSYNAd
09714 pudosap dpvas udyy| Jepeyd| TH9ID| 80:¥1:01f €I:€1:01
09T 01
puddsap Apvad uaym ‘7p9 LISVNAQ| ZH9ID| Ieped| €0:b1:01 80-£1-01
NIDTIO OL |NOYdd] ¥uad LV
SAVINTY NOLLYOINNIWNOD 3D9d LHOI'TA NOILVIINNININO)D 419 LN FNLL

Al10-1



0€1 40f Buinvay 2.4 a1 Id 61:L1:01| ¥T-91:01
ODNVIN
O1 J2341p UDYIDIM AV3]D UdY pf [4: LULTOT| TTO1:01
414 Id O1-L1-01| 12:91:01
OCONVIA
01 10241p 421JD2M DI UBY A ad YLLT:O1| 61:91:01
OONVIN
01 12241p 4YIDIM D22 UIYM| IePRY] THIID| 60:L1:01[ ¥1:91:01
. OONVIN 01 12241p 3IDA] UYIDEM
ADR[D UDYM “Tp9 AISVNAQ 4230y| THOID| Teped| SO:L1:01 01:91:01
&M YO Id [O-L1:0T| 90:91:01
monu
01 40/ L€ Butava] ‘749 AISYNAQ| 1eped| TvoID! 9§:91:01| 10:91:01
e papo
Ajuo a4p am ‘Ava-y ‘umop o8 s, 1977 1d 2SO1:01| LS'ST:01
S d 05:91-:01) SS:S1:01
¢Buipvay ayy poy nod “sag Id LYy 9101 TS-61-01
{MOU UMOP BUI0F aM 24y ¢d 9%-91:01| 1S:S1:01
‘PUIMSSOLD SJOUY C7 ‘SIouy 7 'Cp Si
§ET IV €€ 00E pHIm ‘11 2ot uvd 4 Id ¥C-91:01] 6T:S1:01
nodyupy [l Iepey| y9ID| 90:91:01| 11:$1:01
poaotddy 7p9 LISYNAT 09€| TYOIO| Iepey| £0:91:01| 80:S1:01
42YIVAM O] anp
09¢ Buipvay sanbai ‘Tr9 AISYNAQ| Teped| zp9ID| 8S:S1:01| €0:51:01
Jisanbas am jjoyg
JAYivam Buipioan nod a4y d 0S:ST0T! SS:P1:01
NIDI-O OL {WO¥d| ¥dd DLV
SSRIVINTA NOILILVIINNWNOD ADHd LHOITA NOILVOINOWWOD 414 DL dNIL

Al10-2



nod yuvyi ‘79 AISYNAQ| THoId| Ieped| $0:0Z:01] 60:61:01
‘ODNVI 01 192.41p
MOU UdYIDaM fO 10312 749 S ISYNAQ| eped| ZHOID| 6S:61:01} +0:61:01
‘OONVIA 1d LS:61:01| TO61:01
ZAPYIVaM Jo 13 am a1y Zd CSI61:01| 00:61:01
£eT 1d 9%:61:01| 1$:81:01
s Zd LEGI0I| TH:81:01
SIOATH00 2} Y §7 PIDS oY 4 1d vE:61:01] 6£:'81:01
W3y ¢ d 1€:61:01| 9¢:81:01
IS ‘€T 1d ST:61:01| 0€:81:01
£ puUIM ‘§77 ST OMIUIY  1Y31Y
€7 ‘CZ Apmuns Suisn aun am ‘240 a4y Zd FL61:01] 61:81:01
YO S 1041 $€ DO 1D 240 3M f] 1d TH:61:01| 91:81:01
‘(L 00SH 01 §9] Ui
NMVYJ uay1 ‘sapnu ¢ paun ppez dn
40 ‘00T UMOP punoiv-03 ‘47z ‘477
TISTMY Jojjuinuautu “00ck o1 ‘AL ‘0008 “ISISTI
Juyeirq yoroiddy YT ST Anmund yors NO 1d £0:81:01| 80:L1:01
:oﬁ.mmuo\fﬁoo
yndyooo
jusunad
-UON
NIDTIO OL |WO3dd| ¥ai DIV
SAVING Y NOILLVDINNIWINOD M0dd LHOI'TA NOLLYOINNWINOD 414 DL HNIL

Al10-3



986 HNO 193] 0008 puassap 1adoy
puv Suuans poos ‘7p9 LISYNAQ| THoID| sddy 8E:ST01] £+¥T-01
AD4-Y|
UOHDWAOfUT DADY 2 puD OE [ 40f ¢
Supssod 79 AISYNAQ ‘Buoy Suog|  1ddv| Tv91D| 67:5Z:01| PEHTOT
Aop poo3 ‘79 ALSYNAA S€°611] Teped| TH91D| T1:6201] L14Z:01
CcE6IT
yovouddy 1001100 ‘719 L ISYNAQ CPOID| IBpRY| LOSTOT| T1HT0I1
Sadppul )& padu am | Ju7) [0 S Zd 00-ST-01} SO0¥Z-01
pasu am [ 1) axyv3
IsnuL am PuIm oyl 40f [T 10 v
UDI I PUIM Y] 40 2YDUL UDD 44 1d WYT0ll LV ET01
‘ON d V01| 9%:£2:01
AT D)) 2avy am 1 1) Id 6EvT01 Y eT01
008 5t MON od PEYC-01| 6£°€C01
{MOU ST Yonuw Moy id eevT01) 8E°€T01
0s¢
HAY 40 sa412ut 08 AIJ1QISIA PasU 24 d [T-+T:01| 91:£T:01
£ASIBOIAL “ICT 1024402 0Y] S] Id 11-2¢:01| 91°1Z:01
‘upriodun Liaa ‘o 8uro3 apdoad
‘24ns aq asvayd ‘1 uaany ‘puv) nod f 1d TTITOL| LT0Z:01
MBI Y3 GQT
paads ‘paipoydiod 0o} s11 25142130
‘€91 1431t ay7 o1 uang ‘g4 7 1da2433u1
00SF 01 000€ uiavat puv ‘314
Juiuang uayy sajiu § (GOOZ punon-o8
‘€T wnuiuiue ‘00€ T soqiut p 00§
ASTMI 10} ‘sajuu 4 ss0.0 “apyd uo poe7 umop
3uyanq yovorddy| o3 uays gosp 01 AL wof ‘177 YO 1d €2:02:01| 8T:61:01
NIDTIO Ol |{NOdd| ¥a4d DLV
SAAVINTYL NOILVDINOWINOD MDHd IHOI'14 NOLLVDINONINOD 41d AL HAILL

Al0-4



7P9 KISVYNAQ ‘suonn2dg| sdo 10| 91D LS'8T:01] TO'ST:01
ou Y Id 96-8T:01| 10:8T:01
o3 Bupiang zd SS:8TOI| 00:8T:0I
"I5Z Sunisanbat Avyiny uvaw [ ‘oN 1d 0S:8Z:011 §§:22:01
(SR A0 [4:! 6V-8T:01| vS:LT01
1T 91
yoroxdde pajsanbaz UOSDAL D aq PINoYS
a1jyen) Surpadalg (TSE Bunsanbas Layg aav Ky y Id OP:8Z:01| ST:LT:01
123f 00 10 1y31] 2y1 228 1d PrLT01| 679T:01
1312y yovoaddv 12af g0t 1v Y1418
Surugy 31y ayj pajiodai oiffv.q papuvy
1snf Bumnusunay yovouddy sy siyyp| - ddy| o¢:22:01| 1¥:9Z:01
sad ‘s3f 1d €C:LT0T| 8€:9Z:01
PUnosv-03 1snf am ‘2as jouUDI M fj r 0€:L2:0T| $£:9Z:01
UL AADY 247 Y1IM
aar1affo Liaa ‘Avads ou spy auaty
Uy aify mq 4210m 3y 10f Avads
Y] S1 MOU PaDU DM ‘UDID §] MON id 91:2Z:01| 12:9Z:01
JY2 ‘uornon
3upypaq ay1 40f wnipaw 2y; puy Id 60-L¢-01] ¥1:92-01
1224402 9/ 1
L1 SUDIU DY) 240U ()7 PIIU IM /T
(Buipuny 1of ajquppp 2q paads jpiy 4 1d 17:92:01| 9¥:$T:01
H2IDM DY) 40f 201-NuU Id C1:92:01| 0Z'ST:01
#o30y| 1ddy| T¥9IDf 9$:$T:01] 10:5Z:01
TULIND §1 996 HNO 1924400 5,04 | TH9ID|  1ddy| €5:57:01| 8S:47:01
P9 ALSYNAQ 986) 1ddy| TH9ID| 6¥:ST:01| #S:¥C01
986 1d LY-ST01} TSHT01
968 Puv 122/ 0008|  1ddy| THOID| t1iST01| 6¥HTi01
NIOTHO OL |[NWO¥d| H¥dd DIV
SMEVIATY NOILVOINNWINOD YDada LHOI'TA NOILVOINNWIWOD A1 L0 HALL

Al10-5



UOIJBSIOAUO)
ndxo0o
JuauIad-uoN

Puaixa jv[g ud
‘puajxa g Id

(P9 ALSVNAA

LI:SE0L TTHE01
SI-SE-01] 0T¥E-01

922 90Sp puaosap ‘Opg Swpvaryl  addy| zpo1d| 8F1€C01| £5:7E:01
7F9
ALSYNA 129f 00§y puaasap ‘ppg
Buipvay o] want 79 LISYNAQ| THOID| 1ddy| zieciol| Lyizgiol
"apune paudisse
210J29 1981 (0001 | AP, Bary 0€:ZE01| SE1E:01
TF9 ALSVNAQ ‘stowy 0zz peady|  1ddy| zy9ID| €41 1€:011 8F:0£:01
sjouy 077 1d THIE0T] LP0£:01
.,GQ@&
077 paads aonpat ‘749 LISYNAQ| THOID| ddy| sei1€01| Z4:0€:01
789 ALSYNAQ
123f 0009 puassap ‘g1 Susprag|  1ddy| zH9ID| 91:1€:01| 1Z:0€:01
123f 0009 puassap ‘9 [( fo Suipvay
2Y1 Aq 1y31L ung ‘7p9 LISYNAQ| THOID|  1ddvi 01:1€:01} ST1:0€:01
...... Jupysnd st puiy 1d 0S:0€:01| $$:6T:01
"apninje pausisse
210J2q 199] 0001 L aprnty, vary 9$:6Z:01| 10:6Z:01
6¢ St 218 Buryand anQt S0 1D THOID| £1:6Z:01| 81:8T:01
628 S121vD| THOID| 40 ID| $0:67:01] 01:8T:01
¢aw3 Sunpvg| sdQ [D| TYIID| £0:6T:01] 80:87:01
pooyn-08 49| THIID| SO ID| 10:6Z:01| 90:82:01
NIOTIO OL [WO¥d| ¥ad oLV
SYIVINHA NOLLY DINNWINOD JDdd JTHOI'1A NOILLVOINNNINOD A1 D10 HALL

Al0-6



sad 16z 2 6E9€:01} ¥ SE01
s nodyuvyp addy) zp9IDf LE:9E€01] T¥iSE0T
‘A]2UL
00L1 pua dois ay1 1v ‘9g9[ suodpru
a1 v ‘gog T mrod umopyonol oy
0 67 Apmun. uo Suimoys st 4y TvoId|  ddy| 1z:9¢€:01) 9Z:5£:01
EMOU YA IDYM “TCTSTT
10f 432 ‘gz Suipvay waSoy|  addy| zH9ID| 91:9€:01| 1T:5€:01
“IST ST Va2 ‘apis
131t Y] woaf 4351020} Y3 1d20497U7
01 0£¢ Sulpvay ‘749 ALSYNAQ| Tvo1o| 1ddy) 80:9¢:01] €1:6€:01
(¥4
S'II 40f 4312 wafuos ‘ggz Supvayy|  1ddy| z910| $0:95:01 60:5€:01
JE7 Apmund
&UGQLQQ@ M:NN LGEG am__ﬁ.a. NQM.?_ m&u
EOL.\&N@.QGUQN mﬁ NQ@U\..EE o010
Suipvay uo ifo) uany ‘7p9 LISYNAA| TH91D| 1ddy| SSisei01l 00:SE:01
ST 02UOY JO4IXO0, O] UMOP 24D 54 1d 0S:SE0T| SSHE01
€1 dojy 1d 6E:SE01| #¥vE01
'stowy 0g[ 01 Buronpas 4adoy| 1ddy| zHoID| 9€:16€:01| 1H¥E01
Buronds 10f|
A281]020] 24} i 3noayr Ajy31s 4nod
ayvi [m | 'sjowy ([ o1 2onpad 4230Y| 7H91d| 1ddy| 0€is€:01 SEpEOL
ozl 1ddy| zv91D| 6T:SE:01| vevE0l
Buronpad 077 1d 6T:SE01| YEVEOL
¢paads anod wafuod ‘7p9 LISYNAA| Thord| 1ddy| 9z:s¢:01| 1€:9€01
NIODIO OL [NO¥d| ¥ad JLV
SMAVINTY NOILLYDINNWINOD M0ad LHOTT NOLLVDINNAWOD 414 OLN TAILL

A10-7



TP ALSYNAT ‘+81T 'siowy goyl  addy] zHo1D] 0€:6€:01] SC:8€:01
PRI
42MOL BUOY BUOTT 120110 ‘SjOUY 09 T
o1 mou paads aonpas ‘7H9 ALSYNAQ| Tvo1d|  addy| gzieci01 8T:8E:01
1024400 ‘GO § SUIADI] Saj T Id S1:6€:01] €T:8E01
Aqpuvis ‘saf Zd QI:8E01| 1TLE01
...... asuajd punoin-o8 sy 40, 1d P1:8€:01| 61:LE:01
TP9 XISVYNAA
TN £ 1un sjouy g8 paads)  addy| ZH9ID| O1:8€01] ST:LE0]
N L Run Ssjouy 097
paads anod uippuivu ‘smou 428110007
2t dn Sunuod nod ‘7p9 L ISYNAQ| ¢vo1D| 1ddy| z0:8€:01| L0:LEOT
LOLE0T
) uojsstwisuen| e (V4
mEEooE Aqmo| a2y 24DY 17118 M Y7 sak MaU
P=10[q 19purenIsy 2y} 2ADY aM Op ‘2a1ID 51 DT Id I¥:LEOT| 979801
Q] UO YS11qvIsa
UayM ¢QJ xout " 09T 4408 ¢d O£ LE:01] SE€9€01
081 1d QT LEOT| T€9€:01
081 id VO LEOT] 6T:9€:01
(S8 st pasds Id 12:LE0T) 929801
'COI Yor wang ‘gosp
quipd ‘NMPAJ 01 03 uayr ‘000z id CULEOT} L1:9€:01
NNN .m..m Exs.ﬂ:ms
TET (MBI LZE TE ST wnuui Jey Zd 9C9€0T| 10:9€-01
"S1] Moo :
0} Uojng [0
Juegaoeorddy, '2ouanbas i puno.iv-o3 uaiy;
Jo ysng OS ANV T/HOVONddY “IST “TAI Id 05:9¢:01] ¢6-6£-01
NIDRMO Ol [INOYA| ¥dd JIV
SMAVINTL NOLLVIINNWAOD JDFA LHOI'1d NOILVOINNNINOD 414 DL HALL

Al0-8



241p3aN] Jemoxl zHOID| 01°2F01] SI: 1401
2A3ID3N Id 60-TP:01] F171#°01
éAdod “7p9 JISYNAQ| TYOID| 1omol| 80:7H:01 E1-1¥:01
(4D ISIPOYD [ouLy ¢d LO-TYOT| T1:1¥:01
ISIYI3YD ULy id SO-T-01] 01101
wmpaut ‘¢¢ doj,y d 6V 101! ¥S:0¥:01
€ dvif YO ‘08¢ 51 moN 1d SEAIP01] 0S:0p:01
epmnje P& [1un 0007 ¢d Ee- 1901 8¢ 0t-01
feniut aanpasoxd opu g [N 0oz Id LE-1¥-01| 9€:0¥01
yoroidde possiwu 005k Ajponioy d 6T 1H-01| vE0v:01
S1 UoISSNOSI(] 000¢ 1d 6L 101 $T'0¥-01
R <d BL-1¥-0T| €2°0F°01
¢Apvad punoun-on Id LU T¥01| TT0v-01
UMOPp 1D3) ad €0-1¥-01| 80:0t:01
UMOP DL id CO-1P-01 LO'O¥:01
A0 d 6S-0¥: 01| ¥0:0t:01
123/ 0001 mojaq
YOO pUIM L3YJOUD 71 OP ], UDD I Id _ vS01:01| 65:6¢:01
Mou 9f 3upsnd sjouy 97 saa4Sap
0§ "2Bpajmouwyon o2y puigl| TyoID| IeMOI] [€:0+:01| 9€:6£:01
Tr9
ALSVNAQ "IST yovoiddp anupuo)| 19mol| Tv9I0| 65:6€:01| ¥0:6€:01
'9f Suaisn3 sjouy 97 s22.482p 057
PUIM UMOPIHONO] ‘OM] 4aquuntt "J¢7
opo4ddp 2y anuijuoo ‘Sutuana poos
#omef BuoX BuoH ‘7p9 AISYNAQ| THOID| Jemoll 1s:6€:01| 95:8€:01
HAA €T "ISC ST
1o noA ynm zp9 LISYNAQ “4ome| Iamoll zv9ID| £t:6£:01] 8¥:8€:01
NIDTIO OL (WNOYd| ¥a4d ALV
SAAVING YL NOLLVIINNWWOD J0dd LHOI' T NOILLVDINNIWIWOO A1d JLN HNIL

Al10-9



005, Baly 9y E¥:01] 16201
122f 00/ punosv y8is uz
Avmund ayz aavy am pup nod yuvyy| Iamal VOID| EFEri01] 8V TH01
“sjouy
9 3unsnd sjouy Q7 s22489p (7 ¢ ‘i1
nodani3 01 tnogo sl “7p9 LISYNAQ] TyOID| 10mol| 6£:€v:01| ¥izpiol
SHIDED Y021d plim ‘79 LISYNA| 19MOL| 749 ID] SEEP-01| 0P ZTh:01
...... 9 1318 up mou Yo d e ev0l) LETY01
Y2213 pui Yaayd puim ‘sad ‘'oN Id 9Z:£v:01] 1¢:2h01
JUIDSD puim ayy pasu nod op ‘pvayv
131 yovoaddo 1Sy yovouddy ELEP0T] 81:TH01
L0001, Baly 01:€¥-01] ST-2v-01
paadg zd SO:EF01| 01'THi0T
parpjduio)) zd TSTHOT| LS 1101
¢I8H A2247) Id 1S:2¥01] 95 101
punp pong od 8P T 01| €9 101
noA yuvyy “I¢7 Avmuni puy 01 4va[)|  10MOL, Cr9ID| 6€:TP-01] v 1401
puvy 03 40312 JCz AbM unt ‘sjouy
£€ 1513 ‘Spowy ¢z 10 s22482p )7 £ prim
UMOPYINO] ‘2432 ))9] UMOPYINO]
o Apqisia eyl 7p9  JISVNAQ| THOID| Femor 9T 0T} 1€ 101
TE P01
®© 41y Surwoour{ e Agpuvys 1sipyoay2 jouy|
Aq Mo payojq| Agpums yNT ‘cf dvyf ‘wav sap0ds
(S)p1om [eur]|‘wnipaw ayviqomp Uoaul p “4DaL) 7d Luzyoll ol
nodyuvy | 1emoll ZH9ID| S1:THOll 0T %01
poos,
§1 #03OD Surypaq ‘7p9 XAISYNAQ| THOID| somoy CLTH 0L LU TP:01
NIOT™O 0L |[NO¥d| ¥ad 2LV
STAVIAHA NOILLVOINNWIWOD MDdd LHOI'TA NOLLVDINAWNOD AT QL1 HIL

A10-10



"Buipiooar jo puyg STHY01| 0C:EH:01
d.ﬁov:o:ou
Jo punog voig 1T¥:01] 9T:€:01
01 ‘0 ‘05 '0¢ 05, BalY S1:vv:01| €T:EF:01
001, vary vIPP01) 61:EH:01
paady d OL:b¥:01| ST:EP:01
254102 fo 1fo7 d E0'P1:01| 80:€H:01
'CQ paads punoup-on zd IS EP01| LS:THi0t
‘adeduasip jo[idojne :
10} pUNOs Fuiwrep BIIY 8PIEy0l] €5:7H:01
TF9 ALSVNAQ| TH9ID| IOMOL| LyiEti01| TSTHi01
NIOTIO Ol |NOdd{ ¥ad D1V
SYIVINTY NOLLYDINNWINOD JDAd LHOITA NOLLVOINNWINOD 413 OLN ANIL

Al10-11



AIP HONG KONG

Appendix 11

AD2-VHHH-80C
(17 June 1999)

AERODROME CHART
(LIGHTING PLAN)

TWR 118.4/ 118.2 HONG KONG
GMC 121.6/ 12255 INTERNATIONAL AIRPORT

APPROACH LIGHTS
WITH CO-LOCATED

VAR 2g W SEQUENCED STROBE LIGHTS
(1995)

T X L X XA X IMAX T I X X XXX X XX X XXX A XXX XXX XX XXX XXX XXX R EX X AL A X R XA XL XX R X T AR A XN A AT XU T TR AU U XL X TR X X XX XL XX XA XXX XX XL A XXX XX AT X XX R X LA AR XA DX T XTI L XL TTY

RWY TOUCHDOWN
ZONE LIGHTS

RWY 25R
THRESHOLD

LGHTS CROSSBARN—__

"77 TAXIWAY EDGE LIGHTS.

L- TAXIWAY INTERSECTION LIGHTS

UNDER CONSTRUCTION

TOUCHDOWN : RWY END
ZONE LIGHTS 2 o a e wtihb & UGHTS
' WHBEEK i ) T APPROACH LIGHTS
1 LOING POINTS WITH CO-LOCATED

SEQUENCED STROBE LIGHTS

X E F
/ UL

x B
N

PASSENGER
™ TERMNAL
BUILDING

APPROACH LIGHTS

WATH CO-LOCATED

RWY TOUCH DOWN ZONE

RWY EDGE LIGHTS

RWY CENTRE LINE LIGHTS

PARKING BAY GUIDANCE LIGHTS

TWY INTERSECTION LIGHTS

TWY STOP BAR WITH RWY GUARD LIGHTS

TWY HOLD BAR LIGHTS

TWY EDGE LIGHTS

TWY CENTRELINE LIGHTS

SEQUENCED STROBE LIGHTS

]

SCALE 1:15 000

CIVIL AVIATION DEPARTMENT, HONG KONG
Cartography by Survey and Mapping Office, Lands Department
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Tabulated FDR Data - 500 feet RA to Touchdown

a—F-=g e f-—n [ I ) < _§ T T I [ S ap_§ s § _aF a1 v § T R T 0 P 0 R i ra T N T x [ v T o [ aa ] 58 sc_| 8o BE
rubframe | ALT 1CAS AILRI[AMLRO JELEV RIDLP |RUDLO |STAB FLAP SPLSL [SPLIL [SPLIR |SPLSR MINS  DMEL DME: GWT _ |ColG TFUEL |EPRI __\EPR: _ |EPRI  [NIT N1T Nt3 X2 N3 R=¥] EGTE! [EGTE} (ECTEV |FFE1 [FFEY [FFES {TEA) [TLAZ TLAS _FOOUNT ISve |
~Joumt[(FEETY KT (DEG) __|(DEG) |(DEC) \(DEG) |(DEG) |(DEG) |DEG DEC___lpFC DEC___IDEC Ry Y] T DECC |DECC | DEGC |LBW _ |LaH__|LAW__ \(DEC) (DEG) _|(DEC] i
Sd w1635 6251 e | 1Tsm| ] | 1 I
L i L -huades] 1001943 ! ! 18157 I 073 I A25391) H 3]
I 1 3164 1 1 2087791 307617 3178 T 1 o2 Tox, 1] 3
il 91636 1 I BT I 1 T 1 1 T 910} 4
23 187 | s3aena] sexee  3iswe T FENTT i 1 i Layizs] 1 T T I T 1 n
! ~1.0R)64| 0010235) ER N S22 152] -134141 i | | I | 4
1 1 | dasans] 66 04 H DS1520] 101465 ] H 1 1 I} i 43 3433 | B
i ! sionta]  noteM 0.964797] 1 T I T 0.635081] 0.0534194 i 1 LO1es3 T 4
9T T91016]  TTMIY 1 16406 - 7031231 | 223248931 1 | I 1 T 3
1 1 -1 0H36T 0 3o ] } ; 140552 ] L 113939 I ! 4]
ENTES] ] -3 3354 YK i 1 1 ] I Toa39] 1 T I 3
|_-Loeie] TWEDS| 093K LT 1 T T T i ] i 1 TS ] FSAT. ] ; i
3] 1614 T20m03]  112499]  1xizs i 100231 0439443 101506 I} 1 1 i
1837 341 -Losyon| oorssdl 100039 1 0615234 | ! 3 150 i T ! t 1
! 2 30 1 OONTH91|  ~3tTs] -5 D0XTS) T T 1 1 I T TSRl 1
916373 ] L0V | 1003081 210937 | 1 1 0614915 9017804 105078 T ! i
] 91637624 941 BORSSS)  130624) 2 ammd] | 1 237305 1 1 T H 1 0
ST TS 2678 BT RN S 133 I [ T %01 { sz 1
| 91637 K75 Tasimd 1 105369 EERL Jaonod] 1| [T 5, i
21638] ZLOXIEL| 4 OIMETL 6.9039 1 T H 1 STTh E
306, 1613 S350 | sl T T 1 T T Tioe3t T i E
L clomissl 00477 1 -§ 4922 18457 1] | 150! : i 3
2e6mil 26 133] 0ITSL 208 T =0 1 | H [T¥TEE g
1 [ 10| D 046807] O A K769 0.854758] 0437345 ] 11063 ] 3
932 I 215238 ] 113085 BEREN 1 P
1 -LoR3ed DTG T g 1 S| 3]
T 1 a9 70117 RN 1 v w1 1 2]
] o831 5009761 1 3635 1 3
146 1375 T aisa ] 153335 11578 1 1
“Lonis et T FEIEED) [N 7 | ] 1
i JIomo3] .5 TINS -1.9209 i L 1 91.35 1 35.1953|
oo EYTTR| 1 1 i 1 I 0.543353] 0 aexn3s ERLIET T :
3] FEEIEN T !
ENTEE] ERT] =3! 1 (KT 11353688 313061
FERLT 1 371289 S atéar 3178 I s 1 w&1 I 1 1
I SLm3e] aoiazis] 115 1_citazs] =i ! 1 435449 i 15017 4
30 1593 SwoTa| asime| ssmal 11 FETEC]] Tiseas T T 1 T 3
¥ 1 -onial @ T.oRTaT| 0 6797 1 0703128 132] =3ty | 3
1635] 26307 104139 1723611 -bouae 4476931 ! 1 4623 H 4
1 | -i06T3] oaw 107123 ) T LisE 1 3
313 BT MR TRET) 5633 | 119356 ERTT) 223339 ¥ 1 B
lonei] SosmIE] [ ausn] T I ityaies 1 SLo0T
s.a33 1 L3413 30683 _oisss 339803 1 I 12012
| _-i083| 0010239 1291 T § 1 § 1 91073 1] 11719
SGE [CITETRED 151 JIEE] woemi| i7sm| e : Tigank, 1 EXI 1 13319 T 1 I
9164138 : L cLomist] aoiasa] 1§13 Q17$7E] 1.6A%T 1541 a.437s] I 1 !
i CITE R T S373a 634y BRI -3 00875, { 953 I T eiost !
[T 1 ! L _LONIS1] 001634 1138 ! | 0403226 -L104 L24138 I H i 1
o sieitazs 504 £.437¢ o] _ie2pex ST6] | 2232555 1 | 1
SIE1TY) 26,075 _tomsi| amasea| 1is7ts; a31e7s 193359, I SiTs ! T 3.0 1
91641875 421073 1 1 13448 ERTIT 1173 34 5405 [ | 1.3007x 903 T 1 4 1
1 1 1 ouied] anotwarel 1o03aan 9.735%6) T [TE] | ! 1 _sanm i F:
129 17 A TIEOR] .2 kAT Jslsi s =1.4K203 1 ] | [l LI I
! I SL0HIG] 0.06314] b gmaax| I FETTE Ze%67 136 ! I ! 3
1 2a3s] 3ei03) 0.¥766X7 5 I R 87685 T 1 35 %369 2
<1 0KI6d] 0 101506] 0 ¥6TIN1 59T 16367 1 1 | 1 e 2
T20703| -VEsTIA| 2 i093R) 1 0771393 o.1757%1 i ! : H ! i E
100363 ] G pawesd] 37| 3 13ad 1 1 0.965797) [ERET] 1 ] 1 ! STTL 2]
FATI T ! T axnizss T Woand | T ieazs) EERL] ] 4] 3 I 2
1 OO36L1 0 101806] 0931630 -1 a2se] 1 H b 813 1 S273 3
1T, 17 $.09766 -3.51%6 210931 IR [T 1 11992 i 1
BRI ) TR 3 I TS0y 138] 567969 i 1 1 1 3
262263 00714, 53163 -itian | oein i 1 1 I euE‘r I sae2s 3
LOKTE] 01347680 1 0025 A21K7S! ! i 1 1 N | 1183591 3]
331362 13063 T I IESERHE 1 I )
-1.0836d] 0109953 09613%] 113137 — 1 1 B T 31378 | ==1 35,5701 3
© 991004 [EEITT] 1378 T Ti6308] I 1 )
-1 083ed | 6 1iXi02] 0933513 EFECIN i ] T S0.633] IH 4
104 179! 00714 1 1.23047 i 113628 i
i 1 LORI&d| asanis] 1 ooaT |_tosnx T xTTe06 58] 197636 :
! I 1 _Lose ~190038] 113379 BN ! 1 i 1 53703 3
1 100363 ] 0054955] 1 0}iA3) T i I 013104 115742 L by i
6A7945| 070313 0 ymaaT 73609 T SRR 3 T | [
~LON3A4| DOSIIN] 0 9499e| .7 ssusH! 4au343] 113,921 ! ! i -AHIE[ 4
FETE  wSTIRN] -1RG11E “i1esat 3105 T T EXFILT) i i308% 3
! Sonsed] aoiazes]  osans) 3. 53008 1 1 #5624 ! 1_ssmy |
o A PEFTIE FETH] 10378 ERCT I INEZEA] ! ! 1
1 -LO6 | D0GTITT] 1 D6ade 5.5039 EETIT] 1 T 7 T T
260 K99 | 1 Oaaw, =1.23047) 12 8884 R l 9.79] il 1 471054 []
L -LO%6d] ooomina] 1ariw ] T ] 1 I a.0907258]_.x15097] 112108 1 1 !
368131 nyoeoa| 3 amand 1 Loatt |3 3myos] R 1 | { - -
1 T romsei] Sueont] oeenar] Grets ! [ I = oonis [TELEN ) I i ) 1 FTETEN ]
1 BN 1 033431 ! L0363 349403 1 1 I 113381 a1 i ! 1 i
! | _-10R36S| 0 @45029| 0¥8a313] 7 Gibdt | 1 1 T 1 1 333 ! TR 1 ! 3]
5] 1673 492008 66796d|  2im9an £ 097 ! -1.30625 i T ¥ | v 109375 H i 3
[ cioM3ed] Hi1RI01] o.x7eE A 6T 1 123047 i 1 ] 150 1 1 ]
Tl se 0] @ 03693 i 5339453 133893 BN T i I saomi|
-1.06127) a1az 6 ukDeRs| I 11,6593 1 1002018131 i 164 1.0K393 1 ! ] 1
2109361 210831 062933 0 £TE504 | R T I 1 T T [ |
-LOKVed| NOSTTNI] 099STT| .19 saTs) T I ! 290911 113 999, T V T 1 1 1 1 :
14 1 | 0845357 I T 1a0a3g] 113632 33 9742 T i 1 I 1 L7432 L [ i T T
| -loaed| 3056759 0579692 ETEI ] H 1 ] I o i T _ausmiel
) 783 &30391 | Tup0v3] 3 aama T T Oaeeks | Tawn | 1 ; 104797, !
=L 0] 0099029] 0933913 | 263672 0 ] 131034 | T 1 |
TIAHL] vaw e BT 1 ERTLIT MR EETT _voorms T I 129 ! !
] | ose3l nomwail 83797 1 “ism03 [ 1 + 0.020181| 10303 Lo3sis,
ool 316a7 62 ARETIS] 2460921 2 M) 0983 1.50203 1 2 3nd] M 1 T 1 R 1 i
o 9164773 GOINTT] 100zs%| asEd 1 i EYS) 113 1w i 1 i [ 1 (1Y 1 T 37 365"
2] 91647 47! T 09792 114l 190723 3178 1 i 1 i 103904, 1 £a0] i
o) 5164 0162370 10827 §.34973 1 1 I I 1 1 1] T 9378 1513 1
i OTTTHE 5 172 439453] 035184 351562 1 Lom] 1 10 3349] ] 1 ' I 1.02344] 1 i 3
5 TR SO137%] 1 1ot T FEATT [ | Teal 5731 ] | i 1 T 3
i ETER RRETTEY) T Toens] -i9ans I i T I T I T PR r
= 164N S 753281 ).213461 ~10.3711 ! 1 : 4.01008} 1 rovses] ] ] ! | ! 4
R DT Tex 30703] _-iysTE|a3uens) e EXEI RS ! } 1 T 1 I i | i
sl ey 1 | -kos$i3] woreses| 1 13Eak| -T03a33 T 1760 113 199 T 1 1 1 I T FEET) i
i TR T 1 i T TR “30.3077| 903 | T i o155 1 1 S 1 :
51637 I _-toRigi| gawrisal TR T 1 1 1 1 ] 37 963 I 1 1
oo wei9 129 (7] T T03125] 035138 1 I 1 1 ISR i 1107y : i
L) 3 1 1 -roms] 20692147 | 13393 i L1azse i : 1 i L
Asisea] anwn) EFTT 3 1 -vwgl T 1 1 1 1 6 1 I 37 ean 1 i
o -LON36 | aoaTI 10,7227 1 | 0.0R0T36) ] 1 ] ! I 1
] &322 a3wn| ysised | | _noenaal E¥ ) 1 1 1 1 1 i
31623 | -LoN36s| -0oxssi| omaskay] -i9sinT T 13628 i I 37,2636 |
- 316406 0 963649/ BRI} 1591 319105 Loz ! ] i - 1 [
| -tene| Dogsana| 1 ook 357031 3 1 T : 19,37 1 3
2 16 10124 asom|  isaea| 1 L 0913912 X [H i 3
T |_-Lowdes] 017301 | 0 943064 0945797 013883 1 1 ] i
1 _diews] wm 10939091 ! SOUTE| -19 3556 A H765% H 1 363203 L E
LOKMGS] 012013%] 0915 i 135453 -0, 100806] -3 75716 0506004 ! B
51630 6251 754 T31016] 10|  3Rin| : oacae Seatal 1 BRI I 3]
91650 75 ¥ |_-1ousil 6.209767] nearss| .13 4387 T I T03038 TR === 17,265
31630378 1 316306 ] [ owa3syy 11337, BTl $.973 1 100391 4]
1651 = =5 LOSISI] 01955001 0.771393 1 1 EiE] -1 353303
oesiaas 7 1331 791016 o 33136 I naiieal S aneT T 0 356054 I
91681 2 H 1 -1.06327] 0162916, D.R9I19 150201 | 156] 0381863 1 i ! ]
31431373 T A20ET5| 251367 ovure, T S6THY| 163 ELTT ] naTs T ¥ FEX Tk
31651 | 100i4e| iiceas] o1Rq) T 123928 A131139] 6 U3T6R) I ! L
1ol 9164163 703 1313630 3.51%6] sodiax ] | 22938 1 18.7324] FEERIITI] 1 i 1
S1431 7 1 I ctoxdes] oowtads]  2aions| -19.349% 31.7476, [EETR] 1] ! 3 37 2634 3
31631 K73 1 a9z ! [ eaane 1378 130867 378 1 [ H b I 3
91637 1 T -1am6:) o5asasazi 199813 1 1 3303 I 1813 4
aaad #1632 §28 - 1511 2110933 $.628 1 74707 | 1 { 1 i ! 4
H T 1 T oG] 001633l 0 sTgaa im0 3373, T 1si] aysises ! I - 4
el P1632375 1 59765 1207 0.497429] 221075 424 244 i ] 5 376173; 4
LOAM| 939%134] D ajndy 1 250035 ] D0MMas| b EITRE | ] 1 0990 ! B
7] T 7.30703 o) . T 0 S0k | 3 7 o] i s | T T T T | 1]
1 T _cloma] towied] 337w 0 T 1 1 o 113.91728] 1 T T I T 1 H 1 1 [ 3
s KGN ' ! aj L 1 i3ty i ] 0 I at 0 L 1] 1 T T T [ 1 | )

Al13-1-2




RALT
400 500
. ROLL
-50 25 0
NORMG
2
35 20

270
PITCH
1 6

g8 1

Appendix 13-2

0

0€:T01

0¥ TH01

O w]

OV e SN, PR

0S8-Z¥-01
- deppwy 4 —

W

I01EAD]H

T 5N

i

o

P2) "go-arouy

i (il T s | P P P P
TNO}IHONLS SYFIFNVEVd dd4d ddLOdTIS

nd speed 185

00°€¥:01

\MM

—

il e
% S\ Y,
apnyne youd “——\_gﬁ\ )

,—— Suipeay

\

apmme [10Y
4/’\‘\

L_(P2) "left

ebo e babeld

of course” |

0T°€¥:01

N

= ¥

\A/ \ R

WA, o A e 3

vy \_“,/ hﬁ-’/-"’kv N\ |/ NS

7

.‘__/-’

Lien) spec

L (A/C) "o

i"

PR T T T OO P I

e hundred" -

\L /
I

0TEF01

DL

—

‘ ] \ﬁonnd of

A/C) "fo
L_(A/C) "thi
A/C) "tw

A’L% 'fif

__{/\ 'C) "ter]"

v
“Lv’l“
ty

nty"

1 &
to
15
12
u_E
1<
P2l
Z
)
:
o
(o,
2
=
1z
=
%
=
2
a s
:
2
)
>
Q

| T P T e

touchdown

A13-2-1

END OF DFDR RECORDTNG 10:43:27.5
END OF CVR RECORDING 10:43:30



05:2%#:01 oF:Z¥0l 0 Z¥ 0L

00°ew-0L
iR

OL'Ey:0L

0zZ'EF 0L

olly

RALT

100

200 300 400 500

GSPD TLA1

140

160

-30

180 0 25 30

30 0 25 30
TLA3

DRIFT
0

¢ 25 350

GLIDE

_JLA2 _ EPR2
1-

600 700 800
EPR1
i

75 0

2

i Bl
) , EPR3
75 0 1 2

S oW a2 ]

-
=t
—
(51

(N [l L

P2y 'ayqrwm—,
wind check again” |

I 1
(TWR) "Dynasty 642 j

e

just about to give you thal
320 degrees 28 knots
gusting 36 knots”

185118007

(P2)'Thank you ....runwaj
in sight arrouind 700 feet]

IV ped

" peéd'sphn&:é ?

e

adosepo

+ b

|Bue yuq

% "fivg hundred"
) "Diynasty 642"

Sound ofjautopilot
Disengage

sdd3

(P2) "go-aroupd speed 183

SIeAB| JSTUY L

S
Lol aba bl bl

(P2) "left|of course” _|

%?(\2_, VRVEVI, )(_7‘/__,,:..

Y EVEY,

T ———

| S I |

__(P2) "spedd”

/ |_(A/C) "ong hundred” |

W TLu—

‘-<:

| / —{Ac] Z:ggg;"

gy iy
twenty
|_(AJC) "ter]"

M G3SINOYHONAS SHALINVAEVYd ¥d

~NOILYWHOANI ¥AD HL

SNIGNYT ANV HOVOuddY 1vNI4

40 a3Lo313s

—{E)
\ _sgund of touchdown
eqins »

Al13-2-2

L
END OF DFDR RECORDING 10:43:27.5
END OF CVR RECORDING 10:43:30



-

BOLEING

The Boeing Company Appendix 14

P.C. Box 3707
Seattle, WA 98124-2207 ~

13 QOctober 2000
B-H200-17074-ASI

Mr. Y. K Leung

Civil Aviation Department

10/F Commercial Building

Airport Freight Forwarding Centre
2 Chun Wan Road

Chek Lap Kok

Hong Kong

Subject: Sink Rate Calculations - China Airlines MD11 B-150 Accident
Hong Kong — 23 September 1999

Reference: E-mail Jim Adams to Rick Howes, item ii, 25 September 2000
Dear Mr. Leung:

Per the reference request, the following provides the methodology used to
calculate the sink rate of the subject airplane. The sink rate calculation uses
an Adams-Bashforth 2-integration scheme, starting 35 seconds before the
airplane contact with the runway. The initial sink rate is determined by using
the change in radio altitude over one second. When the initial sink rate has
been established, the vertical acceleration is integrated using the following
equations from the Adams-Bashforth 2-integration scheme:

Vz(1) = radalt(2) — radalt(1)
Vz(i) = vz(i-1) + (1.5 - nz(i) - g — 0.5 » nz(i) - g) - dt

Where vz is the sink rate, nz is the vertlcal acceleration — 1, g is the
gravitational acceleration of 32.2 ft/s®, and dt is the time dlfference
between sampies.

A script was created to loop through these calculations to develop a time
history of the sink rate for the final 35 seconds of the flight. Since the impact
(right main landing gear contact with runway surface) sink rate is dependent
on the value used for the starting sink rate, the starting point is moved forward
by one second and the sink rate is recalculated using the new starting point.

To verify the calculated sink rate is accurate, it is integrated to calculate the
radio altitude. This calculated radio altitude is then compared with the radio
altitude recorded on the DFDR. Any difference in these values is corrected by
adding a bias to the vertical acceleration and recalculating the sink rate and
radio altitude.
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Page 2
Y.K. Leung
B-H200-17074-ASI

A calculated sink rate of approximately 18 feet per second was determined
using the above methods for this accident. The attached plots show the sink
rate calculations for each of the starting points, which is approximately 18 feet
per second. The second plot shows the radio altitude calculations with the
recorded radio altitude (raw and adjusted for terrain height).

@ If you have any further questions, please do not hesitate to contact me.

O EING Very truly yours,

KZW

%1: Ronald J. Hinderberger
Director, Airplane Safety
Org. B-H200, MC 67-PR
Telex 32-9430, STA DIR AS
Phone (425} 237-8525
Fax (425) 237-8188

Encl:
« Boeing Figure 1, CHI 642 Integrated Sink Rates, and Figure 2, CHI 642
Radio Altitude

cc: Mr. Bob Benzon, NTSB, AS-10 (for Mr. John O'Callaghan)

Dr. Kay Yong, Taiwan ASC,
Captain Samson Yeh, China Airlines
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Appendix 15

WRECKAGE INFORMATION

Fuselage

The fuselage was found inverted at the main wreckage with severe impact damage and
fire damage (Figure 1). The crown of the fuselage was crushed downward for the entire
length (nose to tail). The pilot and co-pilot’s windows were cracked and the side
windows were pulled out and were lying outside the cockpit. There was no evidence of
any bird strike or foreign object damage on the cockpit windows. The right side of the
fuselage suffered slight impact damage just aft of the R1 entry door. The skin at this

location was torn in the vertical direction (Figure 2).

The remamning fuselage on the right side was intact and suffered no impact damage.
There was evidence of heavy external soot and fire damage on the skin and right wing
fairing just forward of the night wing front spar. The lower wing fairing aft of the right
main landing gear wheel well exhibited severe scrape/grind marks. These scrape marks

were at 30 degrees angle (nose left orientation).

About a 10-feet section of the right wing upper and lower skins with front and rear spars
remained attached to the fuselage (Figure 3). The trapezoid fitting which connects the
fixed and folding retractable side brace of the right main landing gear remained attached
to the fuselage. This fitting suffered no fire damage and was fractured in tension at the
brace connection. The fractured surface exhibited overload features. This fracture
surface area was cut from the fitting for detailed metallurgical examination. The right
main landing gear had separated from the wing and fuselage point and was found near the

aft right side of the fuselage under the right horizontal stabilizer (Figure 4).

The left fuselage suffered crushing damage just aft and forward of the L1 entry door.
A large section of the fuselage common to L2 door from Station 735 to Station 1059 was
pushed out (Figure 5). The remaining portion of the fuselage remained intact with minor
impact damage. The aft section of fuselage suffered external fire damage and soot

damage on left and right sides.
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2.

Wings

2.1.

2.2,

Left wing

The left wing remained attached to the fuselage and was found at the main
wreckage (Figure 6). The inboard section of the wing exhibited evidence of
sooting. There was evidence of scrape marks on the upper wing skin in a span-
wise direction outboard of no.1 engine location. The leading edge at the inboard
section was slightly damaged and suffered fire damage. The leading edge at the
no.l engine location was crushed aft and slightly upwards. The inboard slats
remained attached to the wing and were found in extended position
(approximately 30 degrees position). The leading edge outboard of the no.l
engine suffered severe impact and fire damage at various locations. The slats
outboard of the no. 1 engine remained attached to the wing and were in the
extended position. The outboard end of the slat suffered fire damage. The wing
structure outboard from Station 855 suffered severe fire damage with the structure
exhibiting melting. The front and the rear spars of the outboard section suffered
severe fire damage and had sagged. The wing tip suffered severe fire damage.
The outboard aileron and the wing-lets were consumed by fire. The spoilers

remained intact with no apparent damage.

The inboard flap and the inboard aileron remained attached to the wing structure.
There was evidence of slight scrape marks on the upper surface of the flap. The
outboard flap remained attached with minimum damage. The left main landing
gear remained attached to the attachment fitting on the wing. There was no

damage to the attachment fitting.
Right Wing

The right wing fractured between the no. 3 engine nacelle and the right side
fuselage at Station 163 on the leading edge and Station 197 at the rear spar
(Figure 3). About a 15-feet section of the front spar and a six-feet section of the

rear spar remained attached to the fuselage. The upper and the lower skins
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between the front and the rear spar of the inboard section remained attached to the
fuselage and exhibited upwards bending. About a six-feet section of the outboard
front spar separated from the upper skin near the fractured end and the spar cap
was cracked. The remaining nine-feet section remained attached to the upper skin
and exhibited no bending. The stringers between the front and rear spar exhibited
upward bending. The fractured surface exhibited overload features. There was
evidence of slight fire damage and soot damage on the front spar and associated
structure. Some of the fractured surfaces were sooted. The soot/fire damage was

not very significant as compared to the outboard section of the wing.

The wing outboard from the fracture was in one section and was found about 300
feet from the nose of the airplane in the main wreckage (Figure 7). The upper
skin exhibited sooting from the fracture to Station 772 and was consumed by fire
from Station 772 to the tip. There was a crack of about 30 inches long at the
middle of the upper skin in a span-wise direction. The fractured surface on this
crack was sooted. The upper skin was bulged upward 12 inches forward of the
rear spar on the upper skin and the side rib. The upper skin bulge was 38x46
inches in area and bulged up for about two inches. The leading edge suffered
severe impact damage and fire damage. The inboard slat was detached and
recovered at the site. The middle and outboard slats suffered severe fire damage
and remained attached to the leading edge. The leading edge from the fracture to
Station 538 suffered fire damage. The inboard end of the leading edge suffered
severe impact damage and was dented at various locations. The leading edge
outboard of Station 538 was consumed by fire. There was no evidence of heavy
scrape marks on the upper skin. Only light scrape marks were observed at the
inboard end on the upper skin in a fore and aft direction. The wing tip suffered
severe fire damage on the upper skin. The strobe lens reflector and the case with
the bulb remained intact and suffered fire damage. There was no evidence of any
scrape marks on the wing tip structure on the lower skin. The right wing lower
skin was intact from the inboard fracture location to the tip and suffered severe

fire damage. There was no evidence of any heavy scrape marks on the lower skin.
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The inboard fractured end of the lower skin exhibited severe scrape marks and

grinding on the edge of the skin at a 45-degree angle.

The inboard flap was missing and was found on the left side of the runway in the
vicinity of the main wreckage. The inboard aileron and the outboard flap suffered
severe fire damage and were separated from the wing. These control surfaces
were found at close proximity to the right wing. The outboard aileron was

consumed by fire along with the outboard section of the wing.

The engine pylon forward attachment fitting (tombstone fitting) that attached to
the engine pylon remained attached to the front spar and was fractured across the
middle. The fractured end exhibited evidence of bending aft. The forward wing
pylon mount fitting was pulled downward at the forward end and was slightly
bent inboard. The aft pylon mount fitting remained attached to the lower skin
with no bending. The aft pylon mount remained attached to the lower skin and

was slightly bent aft. All the fasteners on the aft mount bulkhead sheared.

The forward and aft main landing gear attach fitting suffered severe damage. The
aft lug of the forward mount fractured between 4 o’clock to 10 o’clock position
(view looking forward - see Figure 8). The fractured surface exhibited soot
accumnulation and slight discoloration. The forward mount was cracked and
exhibited impact damage in an upward direction. The forward mount shear pin
was sheared off and a portion of the shear pin remained with the forward lug
(Figure 9). The remaining piece was attached to the landing gear. The fractured
surface on the shear pin was heavily sooted. The aft mount was fractured, and
both the lugs along with a large piece of fitting remained attached to the landing
gear including the shear pin (Figure 10). The entire area of the main landing gear
fitting and fractured surfaces exhibited evidence of sooting. The piece of the

head-end of the main landing gear actuator remained attached to the fitting.
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3.

Landing Gears

3!1.

Right Main Landing Gear

The right main landing gear was separated from its mount. The forward shear pin
was sheared off from the forward mount and half of the shear pin remained in the
forward lug of the forward mount. This section of the shear pin was pushed out
and exhibited severe soot damage on the fracture surface. The remaining portion
of the shear pin remained on the forward lug of the landing gear and exhibited
some bending. The fractured surface on this portion exhibited surface rust and the
fractured surfaces could not be examined. The aft lug of the forward mount
fractured between the 4 o’clock and 10 o’clock positions. This section of the lug
fractured into two pieces and was found on the runway between the touchdown
point and the main wreckage. The mating fractured surface on the wing forward
mount aft lug exhibited some discoloration but the mating fractured surface of the
lug that was found on the runway did not exhibit any discoloration. All surfaces
on the aft lug exhibited evidence of overload features. There was no evidence of
fire or soot on the pieces of lug found on the runway. The forward fitting that
remained attached to the landing gear fitting suffered soot damage. The forward
mount fractured in the middle and exhibited impact damage in an upward

direction (Figure &).

The landing gear fitting between the forward and aft mount fractured and a
portion of the fitting was missing. This section was attached to the landing gear
with the aft pin still in place. This piece also exhibited impact damage between
the forward and aft mount. The landing gear fitting between the forward and aft
mounts suffered severe soot damage and the soot was evident on the fracture

surfaces.

The right main landing gear strut remained intact and was fully extended at the
main wreckage site. The strut was deflated later for safe handling. The folding
side brace remained attached to the gear. The upper rib of the folding side brace

was fractured and twisted near the end that attached to the fuselage. A small
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3.2,

section of the fixed brace remained attached to the trapezoidal fitting along with
the folding side brace (Figure 11). The trapezoidal fitting fractured from the
trapezoidal panel that attached to the fuselage (Figure 12). The trapezoidal panel
pillow block remained attached to the fixed and folding brace. The fractured
surface exhibited evidence of overload features. There was no evidence of fire

damage or soot damage to the right main landing gear.

The truck beam suffered impact damage and was c1;acked at the aft stop location
on the upper surface. The forward stop exhibited severe impact damage on the
upper surface. All four tyres remained attached to the truck beam. The outboard
tyres remained inflated and the pressures in the tyres were 200 psi each. The
inboard tyres were deflated. The inboard side-wall of the inboard tyres exhibited
severe scuff marks generally in radial direction. There was no evidence of any

fire damage to the landing gear tyres.
Centre Landing Gear

The centre landing gear fractured at the bottom of the cylinder (oleo) near the axle
(Figure 13). The fractured surface exhibited overload features with a 45-degree
shear lip and was severely rusted. The wheel truck with tyres was found on the
runway near the main wreckage. There was evidence of heavy impact damage on
the right hydraulic brake reservoir that attached on the wheel. The heavy impact
mark was a 3/8-inch wide indentation and ranged up to 1/2 inch deep. There was
no evidence of any fire damage or soot damage to the centre gear truck assembly.
Only one tyre was inflated and did not exhibit any scuff mark on the inner or

outer side. The other tyre was deflated and suffered severe sharp cuts on its side.

The strut remained attached to the fuselage with the inner cylinder (oleo)
compressed all the way in. The lower end of the strut exhibited grinding
consistent with runway contact. These grind marks was approximately at 45
degrees with respect to airplane centreline and about 30 degrees nose left. These
grind marks covered about 50% of the circumferential surface. The body gear

remained attached to the fuselage. There was no evidence of any damage to the
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3.3.

34.

gear-to-fuselage attachment point. There was no evidence of any fire damage on

the centre landing gear.

A small section of the base of the oleo (lower cylinder) of about five inches long
with torque link was separated from the centre gear. The fractured surfaces on

both sides exhibited overload and were rusted.
Left Main Landing Gear

The left main landing gear remained attached to the wing and fuselage with its
attachment point. There was no evidence of any impact damage or fire damage to
the left main landing gear. The gear cylinder was extended and the gear was in
the lock position with the folding and fixed side braces intact. The tyres remained
attached to the truck beam assembly and suffered no damage.

Nose Landing Gear

The nose landing gear remained attached to the nose fuselage with minimum
structural damage. The strut was in an extended position. The right tyre
separated from the hub and was found near the main wreckage. The tyre
exhibited heavy cut damage in the bead area of the tyre. The hub fractured
circumferentially. The left tyre remained attached to the axle and was scuffed on
the inboard side-wall. There was no evidence of fire damage to the nose landing

gear.

4. Engine Pylons

4.1.

No. 1 Engine Pylon

The no. 1 engine remained attached to the left wing at its forward attachment
pomt. The forward attachment point is the tombstone fitting and remained fully
attached to the upper and lower spar of the pylon. This tombstone fitting was bent
forward about 60 degrees. The pylon separated at the rear mount fitting. The
fitting fractured in the middle of the lug. The fractured surface exhibited evidence
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4.2,

4.3.

of overload faiture. There was no evidence of any fire damage to the pylon-wing

attachment structure.
No. 2 Engine Pylon

The no.2 engine pylon was separated from the empennage and was found intact.
The front portion of the inlet duct was separated from the engine and the vertical
stabilizer broke off at the manufacturing joint on the top of the pylon.

Engine No. 3 Pylon

The no. 3 engine separated from the wing at its pylon attachment points and was
found in the grassy area near the right wing (Figure 14). The front (tombstone
fitting) pylon mount fractured about 24 inches from the upper wing skin. This
fitting suffered severe fire damage and the web and the cap was bent aft at the
fractured end. The tombstone fitting was attached to the wing front spar and
pulled out of the pylon about five inches below the pylon upper spar. The upper
spar that the front links were attached, was broken out of the pylon and attached
to the wing mount. A large section of the tombstone fitting remained with the
engine pylon. The web and the cap were bent forward with slight twisting, The
rear engine mount and bulkhead separated from the pylon in one piece and
remained attached to the wing. The rear engine mount separated from the left and
right pylon skin and all the fasteners were pulled out of the skin. The upper spar
cap at the outboard side of the pylon was bent in a “U” shape and the web/ skin
separated from the cap indicating that the pylon was experiencing loads in the
inboard direction. The upper spar cap at the inboard side remained attached to the

web with no noticeable bending. The inboard pylon skin was bent inboard.

Empennage

The right horizontal stabilizer remained attached to the empennage with severe impact

damage (Figure 4). The section outboard of Station 292 was bent down. The inboard

section remained attached to the empennage. The right stabilizer suffered soot damage

on the leading edge, upper and lower skins. The leading edge and lower skin exhibited
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severe scrape marks and these scrape marks were on top of the sooted leading edge and
skin. The scrape marks were in three distinct directions. One set of scrape marks near
the leading edge ran in span-wise direction. The second set was about 30 degrees anti-
clockwise from the span-wise direction (view looking down), while the third one was
about 70 degrees anti-clockwise from the span-wise direction (view looking down).
There were other scrape marks in various directions. These scrape marks are indication
of runway contact. The leading edge of the stabilizer was dented and crushed at various
locations. The outboard end of the leading edge was crushed aft. The inboard and
outboard elevators remained attached to the horizontal stabilizer and suffered severe fire

damage.

The left horizontal stabilizer fractured at Station 290 (Figure 15). The inboard section
remained attached to the empennage with upper skin. This section exhibited upward
bending. The lower skin was fractured at the root in a jagged fracture pattern. The front
spar and the associated structure at the fractured location were bent aft. The upper and
lower skin suffered soot damage. The inboard elevator remained attached with no impact
damage but exhibited severe soot damage. The outboard elevator fractured at Station 290,

There was no scrape marks observed on the inboard section of the horizontal stabilizer.

The vertical stabilizer right skin fractured approximately at Station 525 and at Station 426
on the left side (Figure 16). The left skin and the associated structure were bent to the
left. The front spar fractured at Station 525 and the lower section of the front spar web
was missing. The front spar at the fracture was bent slightly to the left. The rear spar
fractured at Station 525 and was bent aft. The second fracture on the rear spar was at
Station 444. At this location the spar was bent aft. The left skin from Station 525 was
still attached to the upper vertical stabilizer but the right skin was missing. The upper
forward and aft rudders remained attached to the vertical. The lower forward and aft
ruddérs fractured at approximately Station 426. The rudder section below this station
suffered severe fire damage. A portion of the lower vertical stabilizer (lower from
Station 426) remained with the lower rudder and suffered fire damage. The vertical
stabilizer fractured at the base just above the no.2 engine. The rear spar and aft centre

spar fractured about 10 inches above the base and was bent aft The forward centre and
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front spar attachment point fractured six inches above the base and exhibited no bending.
All the fractured surfaces exhibited evidence of overload.

Powerplants

The accident aircraft was powered by three Pratt & Whitney model PW4460 engines.

All three engines were found at the crash site. None of the engines displayed signs of

engine fire or non-contained events. All of the engine cowling and nacelle hardware was

found forward of the aircraft touchdown area. The Full Authority Digital Engine Control

(FADEC) was removed from each engine for analysis of engine fauit information by the

FADEC manufacturer. No further engine disassembly was required for investigation.

6.1.

No. 1 engine; s/n: 723907 (Figure 17)

After the accident, no. 1 engine remained attached to the pylon structure. The
engine and pylon had separated from the left wing at the front and rear pylon
mounts. The engine was inverted, along with the wing, with the 12 o’clock
position of the fan case resting on the ground. The inlet structure was separated
from the engine forward of A-flange. The fan rotor and fan blades were intact.
Fifteen of the fan blades were slightly bent opposite the direction of rotation. The
other 21 fan blades were not significantly bent while two fan blades were slightly
bent in the direction of rotation. The fan case showed signs of fan blade tip
contact with the fan case attrition material. The Low Pressure Compressor (LPC)
inlet vanes were intact and did not show signs of distress. No significant damage
was found to the LPC blades and vanes that could be seen from the LPC inlet.
The fan exit guide vanes were intact. The fan cowl doors were separated from the
nacelle. The thrust reverser doors were found in the stowed position. The rear
stages of the low-pressure turbine were intact and showed no indication of distress.
No indication of engine failure or debris was found in the turbine exhaust case.
The exhaust nozzle and tail cone remained intact and were not significantly

distressed. There were no indications of any scrape marks on the engine nacelle.
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6.2.

6.3.

No. 2 engine; s/n: 723968 (Figure 18)

After the accident, no. 2 engine remained attached to the inlet and engine
mounting structure. The engine, inlet, and mounting structure separated from the
aircraft along the diverter structure of the vertical stabilizer. The inlet duct was
breached radially inward and forward of the fan face. Debris was found in the
inlet duct in front of the fan face. The fan rotor and fan blades were intact.
Foreign object impact damage was observed on the fan blades in the form of nicks
and local deformations of the fan blade leading edges. The inlet, fan section, LPC,
and bypass air surfaces were thinly covered in soot, consistent with the external,
post-accident fire. No damage beyond slight foreign object damage was observed
on the LPC inlet vanes or blades. The fan exit guide vanes remained intact. The
fan cowl doors were separated from the fan case, one of which was found on the
side of the runway. The bypass and core cowl doors remained on the engine and
showed impact damage from external directions. The thrust reverser doors were
found in the stowed position. No indication of engine distress was found on the
6th stage LPC blades or in the turbine exhaust case. The exhaust tail cone and

nozzle remained attached to the engine.
No. 3 engine; s/n: 723952 (Figure 19)

After the accident, no. 3 engine remained attached to the pylon structure. The
engine and pylon structure was separated from the right wing at both the front and
rear pylon mounts. The engine mounts did not exhibit any signs of distress. The
inlet duct separated from the engine immediately forward of A-flange. The inlet
exhibited abrasion marks at the 6 o’clock position. The fan case separated from
the engme at C-flange, just behind the fan exit guide vane outer platform mounts.
The separated fan case structure showed no signs of non-containment. Engine
externals mounted near the 6 o’clock position of the fan case exhibited abrasion
marks. The fan containment belt, yellow in color, displayed heavy fraying in the
6 o’clock region. Fragments of the belt material were found on the runway. The

fan hub was intact and contained all 38 fan blade attachments. Three fan blades
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were fractured at roughiy 50% span while 25 fan blades were fractured at the part-
span shroud location. The remaining 10 fan blades were of full length and bent
opposite the direction of fan rotation. The LPC shroud was intact, with the 1st
stage LPC stators showing signs of foreign object damage. Ground debris was
found throughout the bypass ducts and the LPC.

The upper intermediate case struts were deformed rearward, while the lower struts
were cméhed into the engine core cowl. The outer structure of the bypass duct,
including the thrust reverser, was collapsed radially inward on both the left and
right sides of the nacelle. Scuff marks consisting of gray paint were found at the
10 & 11 o’clock positions. Two pieces were removed for further examination.
The right thrust reverser door was in the stowed position. The left thrust reverser
door was separated from the engine, along with the thrust reverser cascades. The
thrust reverser cascades were in place on the right side of the engine. The lowest
external region of the thrust reverser doors exhibited two distinct patterns of
abrasion or grinding. One of the patterns of abrasion was oriented roughly along
the engine centreline in the fore to aft direction. The second pattern of abrasion
was oriented approximately 35 degrees right of engine centreline, also in the fore
to aft direction. The 6th stage low-pressure turbine blades showed no signs of
distress. The lower third of the turbine exhaust case was crushed radially inward
at T-flange; however, P-flange was only slightly deformed. No engine debris
was found in the turbine exhaust case. The exhaust nozzle was separated from T-
| flange. Tﬁe exhaust tail cone suffered radial impact at the 6 o’clock position, but

remained attached to the turbine exhaust case.

GENERAL COMMENTS

All station numbers are approximate
Conventional sign orientation with the aeroplane on gear

No evidence of any inflight collision or fire
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Main Wreckage (Figure 1)

Right-hand Forward Fuselage (Figure 2)

A15-13



4

Right Main Landing Gear and Right Horizontal Stabilizer (Figure 4)
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Left Forward Fuselage (Figure 5)

Left Wing (Figure 6)
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Right Wing Detached from Main Fuselage (Figure 7)

Right Main Landing Gear (RMLG) Forward Attachment Fitting (Figure 8)
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Fractured RMLG Aft Attachment Fitting with Aft Shear Pin (Trunnion Bolt)
(Figure 10)
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Fractured Fixed Side-Brace (Figure 11)

Fractured Trapezoidal Panel (Figure 12)
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No. 3 Engine Pylon to Wing Forward Attachment Structure (Figure 14)
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Left Horizontal Stabilizer (Figure 15)

Vertical Stabilizer (Figure 16)
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No.1 Engine (Figure 17)

No.2 Engine (Figure 18)
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No.3 Engine (Figure 19)
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Appendix 17

Photographs of Damaged Fuselage

o View of seats 1J and 1K.
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3. View of the lavatory just inside Door 3R.
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3. View of the Economy Class section of the cabin.
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6. View of right side of fuselage including Door 1R.

i View of left side of fuselage including Door 3L.
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8. View of crack in right fuselage (forward) including Door 2R.

9. View of crack in right fuselage (aft).
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1.0 DESCRIPTION OF STRUCTURAL ARRANGEMENT

A rendering of the MD-11 structural arrangement in the vicinity of the main landing gear is included as
Figure 1. Note that the rendering is “artistic” in character and incorrectly shows some structure which
should (from the view depicted) be hidden.

The MD-11 main landing gear is cantilevered off the rear spar of the wing. Two trunnion bolts attach
the main landing gear strut (blue) to the wing fitting (green). The wing fitting attaches to the rear spar
(vellow). Vertical, drag and side loads applied to the landing gear are reacted through the trunnion bolts
into the wing fitting and from there into the main torque box of the wing.

The forward of the two main landing gear trunnion bolts is a designed “fuse”. For very high drag loads
(as might be encountered during an off-runway excursion, or if the landing gear struck an obstruction)
the forward bolt is designed to shear as the forward main landing gear trunnion moves downward.

Loads about the main landing gear pivot axis (gear sideloads) are reacted via a trusslike structure made
up of the folding side brace (magenta), the fixed brace (light blue), and the strut. This arrangement
results in loads which are primarily up and down (vertical) at the joint where the truss attaches to the
fuselage. The loads at this joint are primarily up when an inboard acting sideload is applied to the
landing gear, and down when the sideload is outboard.

The fuselage attach point for the truss is on a machined beam referred to as the “trap panel” because of
its trapezoidal shape. The trap panel is shown in red in Figure 1.
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Figure 1. MD-11 Structural Arrangement in the vicinity of the MLG-to-Wing attachment
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2.0 LANDING CONDITIONS

The attitude of the accident aircraft, along with the velocity and acceleration components were estimated
from data obtained from the flight data recorder. More detail is available in the report published by the
Performance Group of the accident investigation team (Reference 1). From a structural loads
perspective the most significant of these parameters is the sink rate (velocity towards the ground) which
has been estimated to be in the vicinity of 18-20 feet-per-second. The next most significant parameter is
the roll attitude (approximately 3 degrees right-wing-down).

It should be noted that the design sink rate for a symmetric landing (zero degrees roll) is 10 feet-per-
second. Recognizing that the kinetic energy which must be absorbed to decelerate an aircraft moving
towards the ground is a function of the velocity squared, it is observed that the energy from a 20 foot-
per-second sink rate is four times (not double) that from a 10 foot-per-second sink rate. And since the
aircraft was rolled right at touchdown, most of the load was taken by the right-hand main landing gear.

3.0 LANDING SIMULATION

MD-11 crash landing simulation analyses were run using initial conditions consistent with the accident
aircraft at touchdown. The aircraft was rolled right-wing-down 3 degrees, pitched nose-up 4.5 degrees,
and was descending at nearly 20 feet-per-second. There was no perceptible roll rate and the lift on the
airplane was roughly equal to its weight. The high sink rate combined with the rolled attitude caused

"
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Figure 2. MD-11 Dynamic Landing FE Model
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bottoming of the right main landing gear strut and generated a vertical [oad “spike” which failed
structure in the area where the right main landing gear attaches to the right wing.

The structural failures (of the right wing rear spar in particular) which were observed in this accident
bore notable similarities to those that were observed for a FedEx MD-11 that was involved in a crash
landing at Newark, New Jersey on July 31, 1997. A significant amount of analysis was conducted to
simulate the FedEx accident and estimate structural loads on the right main landing gear, the nght MLG-
to-wing attach fitting, the right wing rear spar, and the right landing-gear-side-brace-fitting-to-trap-panel
joint. These analyses were conducted using an in-house aircraft dynamic landing program (B7DC), a
commercially available finite element program {MSC NASTRAN), and a commercially available
nonlinear kinematics code (ADAMS).

Based on knowledge and experience gained in analyzing the FedEx accident a simplified analysis
technique was developed for studying the effects of very high sink rate landings on aircraft structure.
The crash landing analyses performed for this accident utilized MSC NASTRAN. A transient nonlinear
solution was run using a detailed finite element model of the MD-11 inboard wing and center fuselage,
combined with a coarser idealization of the remaining structure. {See Figure 2}). The main landing gear
was idealized using the BUSH1D element, which aliowed the gear nonlinear spring and damping
characteristics to be input in table form. The results from this model were compared and correlated with
certification analyses (for cases within the design limits of the aircraft) and with the FedEx ADAMS
analysis and were shown to be satisfactory.

The most significant differences in the structural loads applied to the aircraft during the FedEx and the
China Airlines accidents lay in the drag loads applied to the right main landing gear. Landing gear drag
loads were not significant for the FedEx accident. This is because the aircraft touched down, bounced,
then landed a second time at a high sink rate and sink acceleration, and at a significantly rolled attitude.
Since the high vertical loads occurred on the second touchdown, the wheels were already spinning and
drag loads were minimal. The high vertical loads for the China Air accident occurred at the initial
touchdown so “spin-up” and “spring-back” (plus and minus drag) loads were significant.

The existence of significant drag loads for the China Air accident required an adjustment to the
simplified NASTRAN analysis technique. Spin-up and spring-back loads (essentially a time history of
the main landing gear drag loads) were estimated using B7TDC (the certification landing gear loads
analysis program) and the time history was manually input into the NASTRAN solution. The peak load
from the B7DC time history was phased to correspond with the peak right main landing gear vertical
load.

Figure 3 displays the landing gear strut and tire loads for the China Airlines baseline case (Case 4.G10}).
The structure responds linearty for this case and it is assumed that all of the lift on the right-hand wing is
lost when the right main landing gear load reaches 600,000 Ibs. (This assumption is consistent with
analyses that were run for the FedEx crash simulations, which used ADAMS to dynamically caiculate
wing lift as a function of local angle of twist). For the China Airlines analysis, both the left main landing
gear and the center landing gear pick up load well before the right main landing gear reaches its peak
load.

The strut and total-tire load time histories should be equal for a given gear {note that the right main
landing gear strut load oscillates near its peak and separates after the peak due to NASTRAN
convergence problems). These convergence problems do not have a significant effect on the time
history of the other gear loads or the peak value of the right main landing gear total-tire load.

Time histories of key loads from Case 4.010 are plotted in Figure 4. From the figure, the right main
landing gear strut load peaks at 1.4 million pounds, the peak rear spar shear flow is 35,000 lbs/in, and the
peak load on the right main landing gear forward trunnion bolt is 1.2 million pounds. The rear spar
shear flow is well in excess of what is required to fail the rear spar shear web and the forward trunnion
bolt load is roughly that which is required to fail it.
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CASE 4.010 LANDING GEAR LOADS FOR CHINA AIRLINES CRASH SCENARIO
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Figure 3. Case 4.010 Landing Gear Loads for China Airlines Crash Scenario
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Figure 4. Case 4.010 Landing Gear Loads for China Airlines Crash Scenario

The results of this analysis, although not rigorous, confirm that loads high enough to fail the forward
trunnion bolt and the rear spar shear web are feasible, and that the failure sequence described in the
following sections is reasonable.
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4.0 STRUCTURAL FAILURE SEQUENCE

The most likely sequence of structural failures is summarized below. Details and supporting evidence
are included in the Sections 5.0 through 11.0.

e Due to the combination of a high sink rate and a right-wing-low rolled attitude, the right main
landing gear shock strut bottomed and the vertical load on the right main gear “spiked”.

s  The forward trunnion bolt on the right main landing gear sheared upwards as a result of a very high
vertical gear load combined with a large “springback” moment.

e The forward trunnion of the right main ianding gear was driven upwards and contacted the MLG-to-
wing attach fitting, damaging the fitting.

e The rear spar web and caps of the right wing fractured, inboard of the MLG-to-wing attach fitting.
The inboard upper wing panel of the right wing began to collapse from back to front.

e The outboard {right) wing twisted significantly nose down which caused the MLG-to-wing attach
fitting to move up, and the main landing gear tires to move aft and outboard.

« The track attached to the inboard flap on the right wing was pried off the rollers that support it at the
fuselage side-of-body.

e The inboard flap on the right wing twisted off its outboard hinge support fitting and separated from
the aircraft.

o  Excessive movement of the right main landing gear and its wing attach fitting imparted large
“prying” loads on the side-brace-fitting-to-trapezoidal-panel (S-B-F-T-T-P} joint.

e  The right main landing gear fixed brace failed near the S-B-F-T-T-P joint.

s With the side brace failed, large sideloads were introduced to the S-B-F-T-T-P joint by the folding
side brace.

e  The S-B-F-T-T-P joint failed; first the inboard attach bolt fractured, then an outboard section of the
outboard trapezoidal panel “split off” releasing the outboard attach bolt and its barrel nut.

o The right main landing gear strut, now released from the fuselage (trap panel), pivoted outboard; the
trunnion arms contacted the MLG-to-wing attach fitting, The resulting “short couple” (prying)
loads finished separating the landing gear from the attach fitting.

e The right nacelle contacted the runway (at about the same time as the inboard flap was separating
the S-B-F-T-T-P joint was failing) and the right wing engine/pylon assembly was twisted off. (The
pylon-wing separation appears to have been dominated by side loads applied to the nacelle rather
than vertical loads).

o The aircraft began to roll clockwise having lost the integrity of the right wing, yet still carrying
enough speed to generate meaningful lift on the left hand wing.

e  Failures beyond this point were consequent, are not considered particularty relevant, and were not
studied in detail.

5.0 FORWARD TRUNNION BOLT FAILURE

The first structural element thought to have failed in this accident is the forward trunnion bolt, also
known as the “zero margin trunnion pin”. This bolt ts designed to reliably shear at a predetermined load
{approximately 1.2 million lbs) and acts as a “fuse” when the main landing gear is subjected to excessive
drag loads. Figure 5 shows the location of the zero margin trunnion pin.

When acting as a fuse against excessive drag load the zero margin trunnion pin fails by shearing
downwards (i.e. the forward trunnion of the main landing gear moves downward relative to the wing
attach fitting). In this accident this bolt failed in the upwards direction due to a combination of high
landing gear vertical load, and a high “springback” moment. Both the high vertical load and the high
“springback” moment were a result of the excessive (18-20 ft/sec) sink rate.

“Spin-up” and “springback” loads occur when an aircraft touches down and the tires are not yet spinning

(a normal occurrence). First the runway exerts a drag force (“spin-up”} on the tires which starts them
spinning and bends the strut aft. As the tires spin up the drag force disappears and the strut “springs
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Figure 5. Main-Landing-Gear-to-Wing Attach Armangement

back” (bending the strut forward). For conditions within the aircraft design range this phenomenon is
well known and understood, and analvtical tools are available to calculate the associated loads.

As described in Section 3 the spin-up and springback loads for this accident were estimated using B7DC
{(an in-house aircraft dynamic landing program). When the estimated springback loads were combined
with the vertical loads predicted for a 20 ft/sec touchdown, it was shown that a 1.2 million 1b load on the
forward trunnion bolt was within the feasible range.

It should be noted that the structural loads presented in Section 3 are estimates and are based on
analytical extrapolation in to a regime for which we have little or no data to establish correlation. In fact
we believe the springback moment obtained from B7DC is probably underestimated.

The resuits of the metallurgical examination of the forward trunnion bolt are presented in the Boeing
Materials and Process Engineering Report (Reference 2) in Section 4.5.2. The findings are consistent
with the theory that the forward trunnion bolt failed as the forward trunnion of the main landing gear was
moving upwards relative to the wing attach fitting. This relative motion is most evident in Figure 38 of
Reference 2, which shows how the aft portion of the bolt is bent down.
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Note that the bolt failed at the forward zero-margin groove. The bolt is loaded in double-shear; there are
zero-margin grooves at both shear interfaces.

6.0 DAMAGE TO THE MAIN-LANDING-GEAR-TO-WING ATTACH FITTING

After shearing the forward trunnion bolt at the forward zero-margin groove, the forward trunnion of the
right main landing gear was driven upwards and contacted the wing attach fitting, damaging the fitting.
This is clearly evident in a photograph taken at the crash site (Figure 6) and in Figures 34 and 35 of the
Materials and Process Engineering Report (Reference 2).

Severe imp

T

Figure 6. Damage to MLG-to-Wing Attach Fitting at the forward lugs

7.0 REAR SPAR FAILURE

With the forward trunnion bolt sheared, and the forward trunnion of the right main landing gear jammed
upwards into the wing attach fitting, the vertical load on the gear was driven into the wing rear spar.
Both rear spar webs fractured (in this area the web is doubled for failsafe reasons), along with the upper
and lower rear spar caps. The rear spar web fractures were oriented roughly 45 degrees relative to the
spar caps, as is typical of shear overload of a beam web.

The rear spar web was identified as the first structural element thought to have failed in the FedEx
accident that occurred in Newark, New Jersey on August 31%, 1997. A significant amount of analysis
was conducted to validate the FedEx failure sequence, so this failure mode was quickly recognized when
the wreckage of the China Airlines aircraft was examined.
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Figure 7. Right Wing Rear Spar Web Fracture from Ship 553 (FedEx - Newark)

A photograph of the FedEx aircraft showing the right wing rear spar web fracture is included as Figure 7.
Note that the aircraft is inverted in this photograph.

Figure 8. Right Wing Rear Spar Web Fracture from Ship 518 (China Airlines)

A lab photograph of the right wing rear spar web which was cut from the China Airlines aircraft is
included as Figure 8. When examined closely it was observed that the rear spar web fractures from the
two accidents occurred at almost identical locations.
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8.0 INBOARD FLAP DEPARTURE

The inboard flap is located just aft of the main landing gear (Figure 9) and is supported at its inboard end
by a track/roller arrangement (Figure 10) and at its outboard end by a simple hinge (Figure 11). The
track is mounted on the flap and the rollers on the fuselage (Figures 12 and 13). The outboard hinge is
supported off the wing rear spar.

Looking Aft

e, LA ~ e AV N

Figure 11. Inboard Flap outboard support

The flap track is an I-beam with return lips on the inboard legs of the two caps. The upper "lip" is
captured by three side rollers which limit the outboard motion of the flap track (Figures 13 and 14).
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Side rollers

Figure 12. Inboard Flap track and rollers Figure 13. Inboard Flap rollers (flap removed)

Side rollers

[

Flap track

/ return "lips"

Figure 14. Inboard flap track and side rollers

With the aircraft structurally intact the nominal side loads (inboard-outboard) are small as is evident by
the relative size of the side rollers.

Continuing the failure sequence of the China Airlines accident, fractures of the wing rear spar webs, and
of the upper and lower spar caps destroyed the integrity of the right wing as a "box structure" resulting in
very large relative displacements between the inboard flap's inboard support (mounted to the fuselage)
and its outboard support (mounted to the wing, outboard of the landing gear). This relative movement
effectively pried the flap track off its roller support system. Once the inboard end became unsupported,
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the flap easily twisted off its outboard hinge, separating at the tension bolts where the aft hinge attaches
to the flap box.

As was the case for the wing rear spar failure mode, there are some observed similarities in the FedEx
and China Airlines inboard flap failures. Both inboard flaps were found near the beginning of the debris
field, were relatively intact (having almost no lower surface damage), and evidenced local shear-out
failures of the flap track lips at the side roller locations.

The China Airlines inboard flap was found off to the left of the runway and is thought to have been
carried there by the crosswind (which was blowing right-to-left) after it departed the aircraft. The flap,
as it was found, is pictured in Figure 15. The FedEx inboard flap was found on a taxiway to the right of
the runway (Figure 16); note there was little or no crosswind present when the FedEx accident occurred.

S Ty

Figure 16. Right Inboard Flap from Ship 553 (FedEx - Newark)
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It is viewed as significant that the lower surfaces of these flaps suffered no significant damage. The
inboard flap would have been directly in the path of the main landing gear had the gear separated before
the flap and would have been badly damaged. It is clear then, that the main landing gear did not "knock"
the inboard flap off the aircraft.

The local shear-out failure of the flap track is evident in a photograph taken at the accident site (Figure
17). The location of this failure is consistent with the position of the side rollers for the reported flap
setting of 35 degrees. The same type of failure is observed in the photograph of the inboard flap from
the FedEx-Newark aircraft (Figure 18); in this case the failure location is consistent with the reported
flap setting of 50 degrees.

Figure 18. Right Inboard Flap track
from Ship 553 (FedEx-Newark)

Al8-16



MDC-00K1121

9.0 DAMAGE TO SIDE-BRACE-FITTING-TO-TRAP-PANEL JOINT AND TO THE
FIXED AND FOLDING SIDE BRACES

The location of the side-brace-fitting-to-trap-panel (S-B-F-T-T-P) joint is highlighted in Figure 19. A
photograph of a this area (taken from inside the landing gear wheel well) in included as Figure 20 along
with a sketch of the joint (with the fixed and folding side braces removed).

Y

Side-brace-fitting-to-trapezoidal-
panel (S.B.F.T.T.P) joint

Figure 20. Side-brace-fitting-to-trap-panel joint (from inside the right wheel well)

The fixed brace and folding side brace are connected to one another and to the side brace fitting via a
large pin. The side brace fitting is attached to the trap panel with two long tension bolts and mating

barrel nuts. As discussed in Section 1.0 this joint is designed to take primarily vertical loads; the fore-
and-aft and inboard/outboard loads are nominally small.

A18-17



MDC-00K1121

As was the case for the for inboard flap’s departure, the damage to the S-B-F-T-T-P joint was the result
of large relative displacements between attach points on the wing and on the fuselage. After the right
wing rear spar failed, the MLG-to-wing attach fitting moved up (relative to the fuselage) and the
outboard wing twisted severely nose-down. This motion effectively tilted the truss formed by the MLG
strut, and the fixed and folding side braces, and applied a nose-down twist to the S-B-F-T-T-P joint.
This applied twist rocked the side brace fitting (bottom-end-aft) and resulted in “impressions” on the
lower surface of the trap panel (Figure 21). Similar impressions were observed on the underside of the
trap panel from the FedEx-Newark accident aircraft.

Inboard tension bolt was bent

forward and failed in flexure
o

S

Impressions on the underside of the
trapezoidal panel (From the side

< Forward ] \ " ./ brace fitting)

Figure 21. Underside of the right trapezoidal panel

Figure 22 is another photograph of the S-B-F-T-T-P joint area. The photograph is annotated to point out
the limited clearance between the clevis end of the fixed brace and the side brace fitting. Excessive
upward motion of the outboard end of the fixed brace (which is connected to the MLG-to-wing attach
fitting) results in contact in the noted area, and creates a “short couple” prying load at the joint.
Evidence of contact in this area for parts taken from the China Airlines accident aircraft is seen in Figure
23. Similar evidence was also noted for the FedEx-Newark accident aircraft.
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Fixed brace

Contact marks

Figure 23. Evidence of contact between the fixed brace and the side brace fitting
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The presence of a large prying load at the S-B-F-T-T-P joint results in severe distress to this joint. This
manifests itself as localized high bending (flexure) at the outboard end of the fixed brace, and a large
tension load on the inboard of the two tension bolts attaching the side brace fitting to the trap panel.
Evidence of flexural distress of the fixed brace was observed in parts taken from both the China Airlines
and FedEx-Newark accident aircraft. The fixed brace from the China Airlines aircraft failed completely
(Figure 24). The fixed brace from the FedEx-Newark aircraft was bent and suffered a stress corrosion
fracture (Figure 25). The stress corrosion fracture is attributed to residual stress resulting from a high
flexural load. Note also in Figure 25 the evidence of local contact with the side brace fitting.

Contact

Fixed
brace
fracture

Figure 24. Outboard end’of the fixed brace

from Ship 518 (China Airlines) [left]
Figure 25. Outboard end of the fixed brace

from Ship 553 (FedEx-Newark) [right]

Figure 24 also shows damage to the upper folding side brace. The upper folding side brace is an I-
section “laid on its side” with lightening holes in the web (Figure 19). The fixed brace after it failed in
flexure, appears to have dropped down into the upward facing “channel” of the I. Relative motion
between the outboard wing and the fuselage then appears to have “punched” the inboard end of the fixed
brace through the web and aft cap of the upper folding side brace.

The final two failures at the S-B-F-T-T-P joint involve the two tension bolts that attach the side brace
fitting to the trap panel, and the trap panel itself. The inboard of the two tension bolts failed in flexure
and was bent lower-end-forward (Figure 21 and also Figure 15 of Reference 2). This is thought to have
been a consequence of the fixed brace having previously failed, coupled with the lower end of the main
landing gear strut moving aft. The folding side brace, acting as a lever, would then apply a twist about
the vertical axis of the S-B-F-T-T-P joint. Presuming the outboard tension bolt is acting as a pivot, this
would tend to bend the inboard bolt forward.

The outboard tension bolt did not fail. Instead a portion of the outboard face of the trap panel appears to
have “split off”, releasing the outboard barrel nut and tension bolt (Figure 26). This is thought to have
occurred after the inboard bolt had failed and appears to have been the result of a prying load applied by
the outboard tension bolt, the prying load resulting from the folding side brace pulling outboard on the
side brace fitting. (Note the photograph is upside-down relative to the normal position in the aircraft).
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Figure 26. Outboard trap panel failure at the S-B-F-T-T-P joint

10.0 DAMAGE TO THE MAIN LANDING GEAR TRUNNION ARMS AND ADDITIONAL
DAMAGE TO THE MLG-TO-WING ATTACH FITTING

There is clear evidence that the right main landing gear strut, once released at the S-B-F-T-T-P joint,
rotated outboard and contacted its wing attach fitting. Similar observations were made for the parts from
the FedEx-Newark accident aircraft (see Figures 27 and 28). This type of contact creates a “short
couple” prying action that easily breaks the gear loose from the fitting.

Contactdamags

Figure 27. Right main landing gear strut from Ship 553 (FedEx-Newark) [left]
Figure 28. Right MLG-to-wing attach fitting from Ship 553 (FedEx-Newark) [right]

In the case of the China Airlines accident the markings indicating contact between the right main landing
gear strut and the wing attach fitting are slightly different (and not quite as clear). This is primarily due
to the fact that the forward trunnion connection was partially failed (See Section 5.0) before the strut
rotated outboard. The contact area for the forward trunnion was therefore very localized, and quickly
resulted in the fracture of the remaining connection (the aft lug). See Figures 29 and 30. The two lugs
that support the aff trunnion, the fowardmost still connected to a large piece of the wing fitting, also
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Localized contact area

Figure 29. Wing fitting lugs that support the MLG forward trunnion [left]
Figure 30. Separated pieces of the aft wing fitting lugs that support the MLG forward trunnion [right]

cracked off as a result of the gear rotating outboard (Figure 31). This separated the right main landing
gear from the aircraft. The contact area on the aft trunnion arm is shown in Figure 32. A photograph of
the wing fitting, showing the mating area for the two aft trunnion support lugs, is included as Figure 33.

pitting lugs (aft trunnion.mount)

Figure 31. Right main landing gear assembly

Substantial sidewall abrasion was noted on the inboard sidewall of the aft inboard tire on the right main
landing gear truck (Figure 34). This evidence further supports the theory that the gear rotated outboard
putting the inboard sidewalls of the inboard tires in contact with the ground.
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Figure 32. Aft trunnion arm of the right main landing gear strut [left]
Figure 33. Right MLG-to-wing attach fitting from Ship 518 (China Airlines) [right]

-

Figure 34. Inboard aft tire

from the right main landing gear
11.0 RIGHT HAND WING PYLON FAILURE MODE

Figure 35 illustrates and describes the key elements of the attachment of the engine pylon to the wing.
Figure 36 shows how the wing engine pylons are designed to “fuse” in the event of a wheels up landing
to protect against rupture of the wing fuel tanks.

If the loads acting on the nacelle are primarily upwards, the engine pylon’s aft attach bulkhead is
designed to break at the top of the monoball housing, freeing the back end of the pylon and allowing the
engine/nacelle to tilt up and act as a “ski”. This failure mode has been verified by testing and validated
in a number of in-service incidents. (As a point.of reference, this was the observed failure mode for the
right engine pylon from the FedEx-Newark accident).

Figure 37 shows that the right pylon failure mode was different for the China Airlines accident aircraft;

the right engine pylon aft-attach bulkhead is still attached to the right wing. Figure 38 shows the right
engine pylon. The observed failures suggest that the loads on the nacelle included a significant sideways
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component. This is thought to have occurred because the outboard wing, as the failure progressed,
began to sweep further and further aft.

The pylon is attached to the wing at tour points:
b. A two-piece alt pyion buikhead fitting mates with a
clevis fitting attached to the wing box structure to carry
vertical and side loads.

a. Upper and lower monoballs {spherical bearings) in 2
two-piece front-spar bulkhead on the pyton mates with a
fitting on the wing's front spar to carry vertical. side,
and torque loads.

Engine-to-pyton forward mount.
c. A thrust link joins & fitting at the pylon’s upper spar web
i diately behind and adjacent to the front-spar bulk-
head to two attach angies on the lower surface ol the
wing box structure to carry engine thrust loads.

Figure 35. Pylon-to-wing attachment details

The pylon's aft-attach bulkhead is designed to break at the
top of the monoball housing to allow the engine nacelle and
pylon to rotate about the tront pylon-to-wing attach point on a
M?«ls-up ianding, thus preventing rupture of the lower wing
skin — an integral part of the wing tuel tanks.

This mode of failure has been verified in failure tests and in
actual in-service incidents.

—_—

Figure 36. Wing pylon “fusing” mechanism
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Figure 38. Right engine pylon

120 SUMMARY

Analysis was conducted to attempt to understand the structural failure sequence, failure modes, and
failure characteristics of the accident aircraft. The analysis included primarily the review and
examination of failed parts and photographs from the accident site, along with a limited amount of
dynamic loads analysis using parameters taken from the Flight Data Recorder.
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The analysis has produced a definition of a failure sequence that is reasonable and appears to have no
significant inconsistencies with the accident observations.

The failure appears to have initiated with the forward trunnion bolt of the right hand landing gear (the
trunnion shearing upwards) closely followed by failures of the inboard right wing rear spar webs and
caps. These failures were the result of an extremely high vertical load and an associated “springback
moment” applied to the right main landing gear. Both the high vertical load and the high “springback
moment” were a result of the excessive (18-20 ft/sec) sink rate, and the slightly rolled (3 degrees right-
wing-down} touchdown attitude.
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AT Civil Aviation Department
T THEHE B AT ER Flight Standards and Airworthiness Division

FrEREARER 2 BB EED LERAEHE
10/F Comm Bidg Airport Freight Forwarding Centre 2 Chun Wan Road Lantau Hong Kong

NVESTIGATI FCAL 642 A ENT 22 A T

TEST REPORT ON CAPTAIN'S WIPER MOTOR_& ELECRICAL CIRCUIT
COMPONENTS

Test Requirement:- Minutes of Accident Investigation Team Meeting dated 11 January
2000 Meeting Note item 6. a.

Location of Test:- Electrical Workshop 2110 at the HAECO Component Overhaul
: Facility at Tseung Kwan O (TKO)

Date of Test:- 17" February 2000

Test Witnesses:- C M Lee — Inspector of Accident, HKCAD
K W Lau - HAECO QA Head of Section, TKO

Items Tested:- Wiper Motor and Drive Assembly (Captains Position)
Vendor - Rosemount Aerospace Inc, USA
P/N 2313M-537
S/N 00097

15 AMP Main Power Supply Circuit Breaker (Captains wiper)
Vendor ~ Jackson Inc, USA

P/N 700-030-15,  (700-066-15) (76374-9137)

S/N None visible

5 AMP Wiper Control Power Supply Circuit Breaker (Captains
wiper)

Vendor — Jackson Inc, USE

P/N 8500-005-5 (76374-9151)

S/N None visible

Captain’s Wiper Control Switch
Vendor — Cole, USA
P/N 200-3061
S/N None visible
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1. Testing Method and Considerations

All components were checked for any obvious damage prior to testing, none was evident. All
components had been removed from the subject aircraft by HAECO. The wiper motor had
been removed intact, together with attachment hardware. However, the circuit breakers (CBs)
and control switch had been removed by the release of the attachment feature and the cutting
of the associated circuit wiring. Therefore, the testing which was possible was applied to
each separate unit/item, and not the physical circuit installed upon the subject aircraft.
Although HAECO was nominated and willing to accomplish the testing, they do not hold
specific maintenance approval for the MD-11 Wiper Motor, which being classified as a
rotable component, would normally be tested and serviced in accordance with an approved
Component Maintenance Manual (CMM). On the other hand, the CBs and Control Switch
being of a consumable design, would not normally be the subject of overhaul and repair.
Therefore, the scope of the testing was done on the basis that HAECO were not approved for
these components, but possessed enough experience and knowledge to apply basic testing
techniques. In addition to this, consideration must be given to the fact that unit specifications
or CMM’s were not to hand. On this basis, best practice was applied to the rudimentary
scope of the testing that was possible. All test power was applied in accordance with MD-11
wiring diagrams, reference 30-43-01 supplied by China Airlines.

2 Unit Testing and Results
2.1 Wiper Motor Assembly

2.1.1 This unit was tested to establish the correct operation of the
following features:

i}  Operation of the drive motor.
ii) Operation of drive brake.
iii) Functioning of parking switch circuit.

212 Witnessed operation of main drive motor:

1}  The unit ran smoothly without undue noise or vibration.

ii) No load current draw at low speed was 5 amps.

iii)) No load current draw at high speed was 7.5 amps.

iv) The output shaft to the wiper arm was witnessed to rotate
back and forth in an arc of approximately 30 degrees.

v) The unit brake released when power was applied, and had
a circuit resistance of 60 ohms.

vi) The wiper parking system interrupter switch was tested
during motor operation and found to make and break as
would be expected.
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it was not possible to apply any representative working load to this unit while running
due to the fact that no test bench is available at HAECO. Furthermore, the power and
size of this unit is such that any additional testing could only be accomplished on a
suitable test stand, or alternatively by the unit being temporarily installation upon
another MD-11 aircraft. As no CMMs, or unit design specifications were available, we
are unable to determine how this unit conforms to such data.

2.2 15 AMP Main Power Circuit Breaker

2.2.1 This unit was tested to establish the correct operation of the following
features:
i)  Ability to sustain a continuously applied current of 15
amps without tripping.
ii) Test the current overload protection of the unit.

222 Witnessed operation of the 15 amp CB:

i)  This unit was able to carry a load of 15 amps for over 2
minutes without tripping. :

ii) When tested in overload, a circuit trip occurred after 22
seconds with a load of 30 amps applied.

2.3 5 AMP Control System Power Circuit Breaker

2.3.1 This unit was tested to establish the correct operation of the following
features:

i)  Ability to sustain a continuously applied current of 5
amps without tripping.
ii) Test the current overload protection of the unit.

232 Witnessed operation of the 5 amp CB:

i)  This unit was able to carry a load of 5 amps for over 2
minutes without tripping.

ii) When tested in overload, a circuit trip occurred after
an average elapsed time of 6 to 8 seconds with a load
of 10 amps applied.
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2.4 Captains Wiper Control Switch

24.1 This unit was tested to establish the correct operation of the
following features:

1) The switch rotated to all three detented positions.

i1) Basic circuit electrical resistance and continuity test
across all six contact positions.

iif) Basic electrical insulation/leakage test of all terminal
to switch the body (aircraft electrical grounding
plane).

242 Witnessed results of the above switch tests:

1)  The switch rotated with positive detents at three
positions corresponding to OFF, LOW and HIGH.

11) The resistance check applied to all switch contact
positions produced the following results:

Across the “A” Contacts
C-1=1.2 ohms, C-2=2.2 ohms and C-3 = 1.5 ohms

Across the “B” Contacts
C-1=2.2 ohms, C-2=2.8 ohms and C-3 = 1.6 ohms

1) The insulation tests applied to all of the “A” and “B”
contacts to the unit body, resulted in an infinity
ohmic resistance being achieved, indicating no
circuit electrical breakdown.

3. Conclusion
In view of the limited amount of test and specification data to hand for these units, it is not
possible to make comprehensive operation statements. However, from the witnessed

rudimentary test results, and the condition of the subject components, there is nothing to
suggest that they would not be able to operate and function, as designed.

This witness test report was raised and presented by;

C M Lee - Inspector of Accident ~ Signed:- /44%L Dated:- 18 February 2000
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SUMMARY OF APPROACHES

Appendix 20

HONG KONG INTERNATIONAL AIRPORT
0657 — 1044 Hours UTC, 22 August 1999

Aircraft type Landed Go-around Comments
Runway in use 07R

A330 0657 2™ go-around @ 0727
A330 0700

MD8g2 0710

MD11 0716

A320 0721

A330 0727 Diverted

A330 0735 Diverted

A330 0742 Diverted

Runway change to 25L

A340 (818 Diverted

B742 0830 Diverted

B744 0849

A340 0859 Diverted

B773 0915

B744 0940 Diverted :
A330 0945 2™ approach, landed 1019
B773 0947

B772 0953

A330 1002

A330 1019

B744 1024

A340 1029

B763 1031

A330 1034 Diverted - airport closed

due later accident

B744 1036

B773 1040
MDI11 1043 Accident flight
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Appendix 21

COMPARATIVE WIND DATA — MD11 / B777 AIRCRAFT
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Part 1

An Overview of the Comments from the ASC to the CAD on the

Confidential Draft Final report Concerning the China Airlines
Boeing MD-11 Accident at Hong Kong Airport, August 22" 1999

ASC Comments

The ASC, Accredited Representative team on CI642 accident investigation has
carefully studied and reviewed the CAD draft Final Report.

The sole purpose of the ASC’s comments 1s to provide constructive feedback to
Hong Kong on the draft Final Report. Our aim is to achieve a Final Report of the
highest possible quality, and one that will make a significant contribution to the
enhancement of international aviation safety.

The Guiding Principles of the ASC’s review of the Hong Kong Draft Final
Report

In accordance with the principles and spirit of Annex 13, our aim is to ensure that
the Draft Final Report of the CI-642 investigation is accurate, objective and
balanced, and does not apportion blame or liability.

We have considered the Hong Kong draft Final Report in the light of established
and proven air safety investigation methodology. We have considered whether all
of the relevant factual material gathered in the investigation has been included n
the Hong Kong draft Final Report. We have also assessed the degree to which the

analysis and conclusions are based upon sound mvestigation procedures and
factual evidence.

Both CAD, Hong Kong and ASC, Taiwan share the common goal of pursuing
excellence in aviation safety. Notwithstanding the difficulties that have been
encountered, ASC hopes that the valuable lessons leared by both Hong Kong and
Taiwan from the experience of the CI-642 investigation will enhance aviation
safety.

The Hong Kong draft Final Report

The ASC considers that:
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a)

b)

The Hong Kong draft Final Report minimizes the significance of the
absence of high capability wind shear wamning detection system at
Chap-Lap-Kok Airport. The improvement of wind shear detecting
system is a major challenge confronting the world aviation industry.

The Hong Kong draft Final Report also minimizes the finding of the three
very valuable simulator lessons tested at Boeing facility, Long Beach,
California.

The Hong Kong draft Final Report does not adequately address the
RWY 25L and 25R wind difference analysis attributed from
passenger terminal building. It should be considered in that context.
See Figure 1 below.

Figure 1. Runway 25L approach area in the lee
of the Passenger Terminal Building
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Part 2

Comments on Section 1, Factual Information

Reference A, Section 1.1. History of the flight Pg. 6 Para 3
ASC issues and Discussion

This paragraph contains: “...and exited through L1 door and began...” which does not
reflect the actual fact, since the crew exited through a hole in the fuselage.

ASC proposed changes

Change Page 6, Para 3 of Ref. A Section 1.1 to read: “...and exited through a hole in
the fuselage and began...”
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Part 3

Comments on Section 2, Analysis

ASC proposes the following paragraphs and figures to support the findings as a result of
analysis that based on recorded data and known aircraft characteristics.

(A) Wind derived from FDR data
According to FDR parameters, ASC interpolated the horizontal wind direction, wind
speed, vertical wind speed and derived the following data as shown in Table 1.
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Table 1. FDR Parameters and Derived Wind Data

From table 1 ASC identified the following information:

(1) At altitude of 325 ft ~ 150 ft RA, the wind speed varied from 46.2 knots to 27.7
knots, and wind direction varied from 315 degree to 326 degree. This wind
condition is consistent with the data of ground measurement.

(2) Sinking rate was integrated from vertical acceleration and found varied with
parameters of the vertical acceleration and angle of attack.

(3) The vertical wind was found varied at different altitude till touch down.

(4) This high sinking rate was found affected by wind. At 117 ft RA and 32 fi the
wind speed indicated 36 knots and 17.8 knots,
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(B) Downdraft Analysis

Professor Fujita of University of Chicago stated the wind change in convective
mode, with wind speed over 34 knots, is called downdraft. Fujita also pointed out that the
over 12 ft/sec wind change rate could also be defined as a downdraft. (Reference E)

Wind shear refers to a change in the headwind or tailwind for more than a few
seconds, resulting in changes in the lift to an aircraft. A decreased lift will cause the
aircraft to go below the intended flight path. In the presence of significant windshear, a
pilot has to take corrective action in a very short time. Turbulence is caused by rapid
irregular motion of air. It brings about bumps or jolts. In severe cases, the aircraft might

go momentarily out of control. (1.1 ppl , Reference F)

Refer to Table 1; there are two major findings as below:

(1) The significant delta CAS or unsteady horizontal wind:
Between 300 ft ~ 186 ft, the CAS varied from 167.5 to 157.5kts (-10.0kts) .
Between 186 ft ~ 117 ft, the CAS varied from 157.5t0 175 (+17.5kts) .
Between 117 ft ~ 7 ft, the CAS varied from 175.0t0 153.7 (-21.3 kts ) .

{2) The significant vertical wind changed:

During passing 316 ft ~ 245 fi, the vertical wind speed varied from +8.13 to —0.53
During passing 206 ft ~ 150 ft, the vertical wind speed varied from +3.01 to —4.81.

During passing 59 ft ~ 21 ft, the vertical wind speed varied from +5.29 to —0.22.

Below 50 ft RA, according to Table 2, the sinking rate of CI642 varied from 16.1
ft/sec to 12.0 ft/sec. There were significant vertical accelerations data recorded in FDR.
During this period, the ground speed indication was stable at 158 knots and the angle of
attack (AOA) varied. ASC believes that below 50 ft RA, the aircraft

encountered a downdraft that affected the descent rate.
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(C) Wind Shear Identification from Flight Data Record

Table 2 Vertical Acceleration Variations Below 50 ft RA
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In 1987, ICAO proposed a method to measure the wind shear hazard (ICAO, 1987).
This method categorizes the wind shear into four levels: light, moderate, strong and
severe. The wind shear identification depends on two parameters, ie. the air speed
change and the proportion of air speed, as shown in Figure 3.

[CAO Circular 186 AN/122
25

0.5 4 "‘@;.!- i) - - -

2 0al NL 08 Wind Shear identification
i i * Severe T . s g

3 5 |Vl 05w method - airspeed variation,
g 0.2 '7-. 5::::,3'. Moderate 582 023 pUbﬁShed by I CAO-
T - Source: Prof. Fujita, Univ. of

e T 't Chicago, USA, 1985

RAMP Length/V, seconds

Figure 3: Wind Shear Intensity classification
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Table 3.Wind Shear Intensity in a,b,c.d,e zone at different altitude.

Based on table 3 data for calculating wind shear intensity, the result showed CI642
encountered a strong to severe wind shear below 200 feet. The intensity of wind shear
varied with radio altitude is plotted in figure 3.

(1) azone: 300 fi~ 245ft: Light to moderate wind shear [25 ~ 19sec. Prior to touch down]
(2) b zone: 245 ft~ 186ft: Moderate to Light vﬁnd shear [19 ~ 13sec. Prior to touch down]
(3) czone: 186 fi~ 117 fi: Light to Strong wind shear [13 ~ 9sec. Prior to touch down]
(4) dzone:117 fi~ 59 ft: Strong to Moderate wind shear [9 ~ 6sec. Prior to touch down]
(5) ezone: 45 ft ~ -1 fi: Moderate to Severe wind shear [6 ~ 1sec. Prior to touch down]
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(D) Summarized Comments of ASC’s Analysis

Iz

(Se]

During the final landing phase, the aircraft encountered unsteady airflow as
downwash that was exacerbated to have a high descent rate at the 6 seconds
and 2 seconds before touch down.

At the time of the six seconds and the two seconds before touchdown, the
elevator position indicated increasing from+2 to +11degrees and +5.1 deg to
+15.7 deg max respectively. ASC believes that the commander was
working on the recovery to the high descent rate and provided
large control column input. The pilots responded and recovered the first
downdraft to have less descent rate. It took three seconds to recover the first
downdraft.

The second downdraft happened at two seconds before touch down. The pilot
did make his effort by pulling the column back and the elevators were moving
up to a higher degree but no enough time for the pilot to recover.

The ASC believes that AOA is a significant parameter to the analysis in this
accident. Angle of Attack in conjunction with normal acceleration and
elevator deflection are of vital importance to differentiate between external
forces acting on the aircraft and pilot-generated responses, was mentioned
only in factual (paragraph 1.11.6.): “...fluctuated with increasing divergence
between 3° and 8°...”and was not mentioned in the “Analysis” (Section 2. of
Reference A).

Appendix A5-3-2 in Reference A shows a variation in TDZ wind direction of
between 314° and 326° with speeds from 39kt to 43kt (Runway 25R) in
comparison to a variation in TDZ wind direction of between 283° and 339° at

14kt to 28kt ( Runway 25L ) in the lee of the Passenger Terminal Building.

This kind of wind change will affect the landing to a great extent.
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Part 4 (continued)
Comments on Section 3, Conclusions

Cause Factors

Reference A, Section 3.2. Causal factor 3.2.1.
ASC issues and Discussion

According to the FDR data and ASC’s analysis, the elevator was changed by the
pilot’s effort during final seconds of landing while the aircraft was encountering a
downdraft and pouring rain on Runway 25L.It is in contrast with the statement that
the pilot did not arrest the high sinking rate during landing.

ASC proposed changes

Change Causal Factor 3.2.1 to reflect the derivation from analysis of the data (Part 3,
above), as follows:

3.21 During the final two seconds before touchdown the aircraft encountered
‘atmospheric conditions, which caused an increasing rate of descent,
culminating in touchdown at a rate in excess of 18 fps.The existence of a
downdraft condition at a point where landing aircraft normally flare for
runway 25L was involved in this accident.

Contributing factors to the downdraft condition were:

32.1.1 Rapidly changing strong wind and downdraft conditions resulting from
an approaching tropical storm.

3.2.1.2 Large differences in wind velocity and direction between the approach
path to runway 25L and that of runway 25R at Chep Lap Kok Airport,
Hong Kong. ( See Ref A appendix 5.3 )

Reference A, Section 3.2. Causal factor 3.2.2.
ASC issues.and Discussion

This Causal factor should be deleted in its entirety, for the following reasons:

(1) The FDR data show that the pilot flew the aircraft after passing the altitude of
21ftra fully configured for landing, on centerline, corrected for cross-wind and with a
kinetic energy margin in excess of 15% for that gross weight and configuration.
Additionally, the aircraft descent rate at that point (less than 2 seconds from
touchdown) was less than that for a nominal 3° glide path (see Figure 4). Given the
aircrafts excess energy at that time, the thrust was (and should have been)
automatically retarding to idle, as designed by the manufacturer.

(2) The training manual contains no instructions or procedure for arresting rate of
descent by adding thrust.

ASC proposed changes
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Change Causal Factor 3.2.2 to reflect the derivation from analysis of the data (Part 3,
above), as follows:

3.2.2.1 Reduced visibility in heavy rain and dusk conditions which
prevented visual detection of the increasing rate of descent
until less than 1 second before touchdown, due to obscured
peripheral vision and partially obscured forward vision in
heavy rain.

Reference A, Section 3.2. Causal factor 3.2.3.

ASC issues and Discussion

This conclusion is invalid and is included as cause factor 3.2.2.4, above; it may
therefore be replaced.

ASC proposed changes

For completeness, in the interest of identifying all causes, which can pass the test of
links of the accident chain, the following factors need to be included in the accident
report.

3.2.3 The time critical location of the sudden onset of the severe downdraft, at a
position and altitude less than two seconds prior to touchdown, which prevented pilot
awareness of the phenomenon in sufficient time to effect corrective action prior to
ground contact, was a contributing factor of the accident.

323.1 Elevator control forces required achieving the large deflections
necessary to arrest the descent rate in time, which were well in
need of large input from the pilot (with one hand on the control
wheel, See Figure.4 below).
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Figure 4. MD-11 Elevator Load Feel force Gradient

A23-13



3.2.4 Structural failure of the right main landing gear in such a fashion that fracture
of the wing main spar rear web occurred, resulting in separation of the right
wing followed by inversion of the fuselage was an important factor to this
accident.

Contributing causes to the structural failure were:
324.1 Crosswind conditions that required asymmetric touch down.
32.4.2 Touch down sink rate in excess of design limit loads.

Design limit loads (12fps) such that a normal approach at maximum

landing weight involves descent rates 40 to 50% in excess of limit loads.

(13.9 to 15.21ps).

32.43 The absence of an energy absorbing landing gear structure which
would dissipate excessive touch down loads without compromising
the integrity of the wing main spar
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Findings

General

Some of the Findings of Reference A exhibit in the absence of detailed analysis of the
data of Flight Recorder.

Specific
Reference A, Section 3.1. Finding 3.1.16.
ASC issues and Discussion

It is normal for an aircraft to land at gross weights up to and including its published
maximum landing weight, and since normal landing procedures require the choice of
an approach speed (with additives as required for environmental conditions)
predicated on landing weight, in no event can a loss of airspeed be attributed to the

gross weight.
ASC proposed changes

Delete Finding 3.1.16.
Reference A, Section 3.1. Missing/Deleted Finding

ASC issues and Discussion
Finding 3.1.28, of the Reference D (Initial Draft Report dated June 2001):

3.1.28 During the final two seconds before touchdown the
aircraft encountered atmospheric conditions, which
caused an increasing rate of descent, culminating in
touchdown at a rate in excess of 18fps.

was omitted from Reference A. Since analysis of the data shows that this Finding
accurately describes the primary causal factor of this accident, it should be
included again.

ASC propesed changes

Re-instate the Finding contained in paragraph 3.1.28 of Reference D (the Initial Draft
report) into the final report.
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Part S

Comments on Section 4, Safety Recommendations

ASC considers Safety Recommendations 4.9 and 4.10 of Reference A to be of merit,
and would like to add the following safety recommendations:

To Hong Kong International Airport

1. Enhance the capability of the WTWS system to enable detection of both
vertical and horizontal components of wind shear on approach.

2. Enhance its emergency response planning in accordance with ICAO
Document 9137 Part 7 Section 1.2 to provide a timely emergency shelter
capability for survivors of an accident. (Reference A, Finding 3.1.28)
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