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ABSTRACT: Earlier papers, presentations, reseamtks, and reports related to wind loading
and/or wind environmental issues in the Philippinee first summarized. @ Recent
developments in 2006 related, first, to dynamicdMioading of lattice towers, and second, to
damages due to the passage of Typhoon Milenyor(atienal Name: Xangsane) are next
presented. Lastly, some wind environment issudisarPhilippines are briefly discussed.
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1 INTRODUCTION: PREVIOUS REPORTS

Delegates from the Philippines have attended tis fivo, previous APEC-WW meetings
(Workshop on Regional Harmonization of Wind Loadirapd Wind Environmental
Specifications in Asia-Pacific Economies) held apdn in November 2004, and in Hong Kong
in December 2005. In the country’s report presgnite2004, the 2001 National Structural
Code of the Philippines (NSCP-2001), including trexv wind zone map which featured 3-
second gust basic wind speeds, was introducedtshistory was briefly discussed.

The country report presented in 2005 summarized@emppresented at an earlier National
Convention of the Philippine Institute of Civil Engers (PICE), which in turn was based on an
earlier comprehensive report submitted to the Cewité&xcellence (COE) Program for Wind
Effects on Buildings and Urban Environment, at Tlekyo Polytechnic University in Atsugi,
Kanagawa, Japan. The 2005 country report discubsegkeed for “typhoon engineering” in the
Philippines, related efforts by engineers, avadattata, various related research work in the
Philippines, and areas for improvement in typhomaster mitigation efforts in general and in
the NSCP-2001 wind loading provisions in particul# highlight of the 2005 country report
was the presentation of damages due to Typhoonngndnternational Name: Muifa) which
made landfall in the Philippines in November 2004.

A paper aiming for cooperative work with researshigom other related fields, similar to the
country’s 2005 report, was presented at tHé National Meteorological-Hydrological
Convention, organized by the Philippine MeteoratagiSociety also in December 2005.

In the 2005 country report presentation, a note alss made on wind environmental issues in
the Philippines. Particularly, it was mentionea@tth(a) certainly, outdoor air pollution is a
growing problem in the rapidly urbanizing greateetropolitan Manila area and that in line
with this, the government has enacted the CleamrA&irwhich regulates pollutant emissions in



to the atmosphere; (b) there are no reported cals@sdoor air pollution, and as such no
research work related to this field, including maticross ventilation studies, is known to have
been conducted; and (c) there are no reported aafs@guries or damage due to strong
pedestrian-level winds in highly urbanized busingis¢ricts, and likewise, no research related
to this field is known to have been conducted.

The next two chapters of the present country repgtrecent developments related to wind

loading issues in the Philippines. Chapter 2 disea a procedure for accounting for dynamic

wind effects in the structural design of latticevéss in the Philippines that is proposed for use

with the NSCP-2001. Chapter 3 presents selectetbghraphs of damages due to the passage
of Typhoon Milenyo (International Name: Xangsara)d discusses relevant issues in current
structural design practices for extreme winds #natre-raised in the aftermath of the typhoon.

The last chapter of the present country reporfflgriepdates” some of the issues noted in the
earlier country report presentation related towired environment mentioned above.

2 DYNAMIC WIND LOADING OF LATTICE TOWERS: PROPOSEBUPPLEMENTARY
MATERIAL TO THE NSCP-2001

In the previous country report, a new, modified tgeffect factot (GEF) formulation, to be
used for the dynamic wind loading of various stmoettypes, including buildings and lattice
towers, was one identified improvement to the NSXOP1 wind loading code provisions. This
identified improvement should consider recent demelents in GEF formulations, including
mode shape corrections, and applicability to cersaiucture types. One provision lacking in
the NSCP-2001 is a GEF formulation specifically lfdtice towers. The current version of the
code only presents a rigid-structure GEF valuestouctures with natural frequencies greater
than or equal to 1 Hz, and that a flexible-struetGEF should be “obtained by a rational
analysis that incorporates the dynamic propertfethe main wind-force resisting system” for
structures with natural frequencies less than 1 ¢tzaspect ratios (ratio of height to least
horizontal dimension) greater than 4.

Meanwhile, lattice towers in the Philippines hawspect ratios of around 7 on average. A
literature search has thus been conducted for a @ERulation that is applicable to lattice
towers, and compatible with the NSCP-2001. It bB® been identified that estimates of
dynamic properties of lattice towers are necespargmeters to GEF formulations, and as such,
suggestions are also given. The discussion prdentthis chapter is largely based on part of
the recent study by Aquino [2006]. A paper (by Aguet al, [2006]) proposing new
supplementary material to the NSCP-2001 based @n sdime study is scheduled for
presentation at the upcoming 2006 PICE NationaMEntion.

2.1 An NSCP-2001-compatible GEF formulation applieab lattice towers

First and foremost, it was identified that the NSZI®1 rigid-structure GEF may not be
applicable to lattice towers, as it was based enABCE7-95 rigid-structure GEF which was
developed primarily for buildings. The ANSI/TIA/EI222-G-2005 (or 222-G) GEF which is
specifically for lattice towers although based dwe tASCE7-98 GEF for buildings is also
identified to be insufficient as it is neither an@ition of the wind field characteristics nor the
dynamic properties of the structure. Furthermaige reduction effects which may be

! The term “gust effect factor” is equivalent to teem “dynamic response factor.”



appropriate for buildings, but not for lattice taweare incorporated in to the ASCE7 GEF,
NSCP-200L1 rigid-structure GEF, and 222-G GEF. liaste study by Aquino refers to a study
by Loredo-Souza & Davenport [2003] which has recanded that resonant response should
also be considered even for “rigid” trussed toweith natural frequency greater than 1 Hz.

The selection process in the study narrowed dovensilection to the use of Davenport’s
[1979] formulation which was developed specificdty lattice towers and which has appeared
in the 1991 ASCE Manual entitled “Guidelines fore&tical Transmission Line Structural

Loading.” Davenport’s original GRF formulation wasnverted in to a GEF formulation for

compatibility with the NSCP-2001 following the sammcedure used in the development of
the ASCE7 GEF formulation, together with some othedifications.

The proposed modified Davenport GRF for use withNMI$CP-2001 in the design or evaluation
of lattice towers is as follows. Note that the &ipn numbering used herein is that proposed
for compatibility with the NSCP-2001. Also, it skid be noted that the following may not be

suitable for guyed lattice towers.
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G = 1+ 085geryQ° +R (207-3)
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where r= 49,/D, A10/z)" (207-4)
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and V. =b % Y, %’) KK, ,inm/s (207-7)

The value of the peak factgris recommended be taken as 4.0. The valwe ah uncoupling
factor, is recommended to be 0.75 for transmissiarers with cables, or 1.0 for all other lattice
towers (except guyed lattice towers)is the roughness factor, which is equivalent to tviiee
turbulence intensity in other code® andR are the non-dimensional background and resonant
response factors, respectively, and are modifiedimes of that in Davenport’s original GRF
formulation. V, is the hourly mean wind speed at the effectivglitez of the tower. h is the
height of the tower structure in meteng,is the fmode natural frequency of the tower, and

is the total damping ratio of the tower and is talas the sum of the corresponding structural

and aerodynamic damping ratio¥.is the 3-second gust basic wind speed in kph, frogare
207-1 of the NSCP-2001.

The parameters that define the wind field charasties, specificallyDo, a, |, €, b, anda , is
given in a proposed Table 207-11 for four differeartain exposure categories. The effective
height Z is taken as two-thirds the height of the towhj, but not less than a certain value
Zmin as listed also in the same proposed table. Thegtaphic factor at the effective heigkit,



is as defined in Section 207.5.5 of the NSCP-2@01, evaluated at the effective height oz at
= Z. For towers at locations isolated from specigographic featuresK, = 1.0. The

directionality factor is set d§y = 0.85 for lattice towers.

(Proposed) Table 207-11. Parameters defining thd fiétd characteristics in the calculation
of the GEF according to Eq. 207-3

Exposure| a | Z(m) a 6 a b c |I(m)y| e Zmin (M) | Do
A 5.0 | 457 1/5 | 0.64 1/3.0 030 045 55 1/2.0 18{3 025.
B 7.0 | 366 1/7 | 0.84 1/40p 045 030 98 1/8.0 9.1 100
C 95| 274 | 1/95 100 1/6,5 0.65 0.20 152 1/5.0 4]60.005
D 11.5| 213 | 1/21.8 1.0f 1/9/0 0.80 0.,5 1p8 1/8.0 1 2} 0.003

A sensitivity analysis of GEF formulations showattthe GEF value is highly sensitive to the
dynamic properties assumed. It is therefore ingmirto have good estimates of these dynamic
properties such as natural frequency, structurdleamodynamic damping, and even perhaps the
mode shape exponent although it is not yet cugrertdhsidered in the proposed formulation.
The GEF formulation presented above still have mianitations and correspondingly many
possible future improvements, including mode shapeections, formulation based on bending
moment as opposed to being displacement-basedcaoul.

2.2 Estimates of the dynamic properties of lattmedrs

The suggested estimates of the dynamic propertikdtice towers presented in this section are
generally on the conservative side and thus leattifggher wind loads, owing mostly to the
insufficient amount of available data, and the gehenreliability of full-scale measurements
particularly of the structural damping ratio. FEexample, analysis of data from only thirty-four
(34) lattice towers available from literature isndocted. The towers include nine (9) square
radio towers on building roofs in Japan, thirte#B)(square transmission towers without cables
in Japan, and nine (9) other lattice towers in toes other than in Japan. No measurements on
towers in the Philippines is known to have beerdcated.

From the analysis, the following general formattioé estimate for the natural frequency of
lattice towers is thus suggested. Again for gulggiice towers, other estimation methods need
to be used.

n, =107/ M R, ,P.A, (207-8)
where Rao = 1.250/Bo) 2 (207-9)

M, = _ (207-10)
1+k, m,

K, = 32
B
%O + 015

Rqo is an aspect ratio factor for aspect ratios evatliat the baséJl, is a mass factomy is the
mass ratio or ratio of attachments at the top 5% @tower to the total mass of the whole tower

(207-11)



alone, and,, is a mass ratio factor and is based on the AS89222-G. The plan-shape factor
P, is taken as 1.0 for square towers, and 0.9 fangular towers. The amplitude factor is
suggested to bA, = 1.0 for service-level condition (correspondimmgapprox. 5-year return
period basic wind speeds), and 0.83 for strengtateondition (corresponding to 50-year
return period basic wind speed®q, is the average tower width, or average of the basetop
widths, By andBy, of the tower.

Alternatively, for antenna towers in the Philippneith up to 3 attached antennas and base
aspect ratios of up to 7+ may be taken as 0.08l, as 0.9, an®R, = 0.85, or:

Plan-shape Service-level Strength-level
natural frequency natural frequency

Square 81 68h

Triangular | 73h 61h

For towers without attachmentsy = 0, orM, = 1.0. For such towers in the Philippines with
base aspect ratios of up to 7+1:

Plan-shape Service-level Strength-level
natural frequency natural frequency

Square on 75h

Triangular | 81t 68h

It is also mentioned in the study that the natdrafjuency may be obtained by a modal

calculation on an analytical model of the towerthwattachments appropriately modeled as
nodal masses. However, it is recommended that#icalated natural frequency is assumed to
be a service-level value, and it shall be multgblgy A, to obtain the appropriate value for the

strength-level condition.

For evaluation studies, the natural frequency c®manended to be obtained from full-scale
measurements, but it is also recommended thatntipditade of wind and other loads during the
time of measurements should be properly documendgether will all pertinent information
on the structure being tested. Any computer motlghe structure shall then be benchmarked
from this full-scale measurement.

It is noted that the natural frequency tends tal&gendent upon the design. For example, one
case study showed that the natural frequency @ittecd tower is around 10% higher when

using a flexible-structure design assumption (rasbreffects considered) with around 40%

higher wind loads than when using a rigid desiggsdnant effects neglected). It is thus

recommended that the design assumptions in fulesst&ructures being tested are also

documented.

The structural damping rati at service-level condition is suggested to bertadse
b, =0.001, 3 0.0030 (207-12)

wheren; is the service-level natural frequency. The vau@030 is the lowest value of the
measured structural damping ratios from the avigledhta.

The structural damping rati at strength-level condition is suggested to beras

b, =0.0027, 3 0.0036 (207-13)



wheren; is the strength-level natural frequency. The @&beguation essentially suggests a 20%
larger structural damping ratio at the strengtteleondition than at the service-level condition.
These suggested estimates so far result in stéieeléowers having higher natural frequencies
and lower structural damping ratios than steeldingjs of the same height.

The aerodynamic damping ratfp at service-level condition is suggested to bertase

~ 0.0070

a

b

3 0.0070 (207-14)

wheren; is the service-level natural frequency.

The aerodynamic damping ratip at strength-level condition is suggested to beraks

b, = 0.0106, 0.0070for NSCP Zone | or I, o¥ > 162 kph (207-15)
nl
b, = 0.0090, 0.0070for NSCP Zone lll, o 162 kph (207-16)
nl

wheren; is the service-level natural frequency, anhds the basic wind speed defined as a 3-
second gust speed with a 50-year return period-amhédter height in flat, open country terrain.
It is also recommended to obtain the aerodynammepitzg ratio from a more detailed analysis
(e.g. refer to [Holmes, 1996]) with the appropriassic wind speel as parameter, the hourly
mean wind speed from Eqg. 207-7, a mode shape erp@fe3.0, unit mass at the base, and
solidity ratio eand drag force coefficie@; evaluated at the effective heigfat,(taken as/sh).

The total damping rati@ is then taken as
b=b,+b, £006 (207-17)
Alternatively, the total damping rati@may be taken as 0.01.

2.3 Implications on existing lattice towers

The GEF value calculated using the procedure foic#y lattice towers in the Philippines and
presented here is approximately 30% to 50% highan tthe rigid-structure value being
currently used in the design of these towers, at the gust factor ratio (GFR or ratio of
flexible- to rigid-structure GEF) is between 1.3dah.5. It is anticipated that many lattice
towers designed using a rigid-structure assump(resonant effects neglected) may have
insufficient capacities to resist wind loads at M8CP-2001-prescribed extreme wind speeds
and design factors of safety.

The effective design wind speeds for these towees lawer by 15% to 20% from that
prescribed by the NSCP-2001, or that the desigirrrgieriods are effectively between 15 and
20 years, as opposed to the 50-year return peegdired in the NSCP-2001. However, it is
possible that the wind speeds at specific locatadreertain towers may be even lower than that
prescribed by the NSCP-2001, and such over-estaradtthe design wind speed may actually
compensate for the non-consideration of dynamicdveffects, particularly for these certain



towers. This again emphasizes the need for a aumerate study on design wind speeds in the
Philippines, considering also that the design véipeed is a parameter in the GEF.

The design factors of safety are estimated to Hdaced to below code requirements for the
same towers, but still not to the point of failungerms of yielding of steel members. For now,
any failure or otherwise of actual lattice toweoslld be attributed to this non-consideration of
dynamic wind effects (rigid-structure design asstiom) in addition to other factors related to

wind loading (such as under-estimates of the desigmd speed, non-consideration of

topographic effects, non-consideration of shieldargl/or interference effects, inappropriate
estimates of dynamic properties, and insufficiestineates of cable loads in the case of
transmission towers), or to the design and constru@rocedures (e.g. inadequate connection
detailing, steel material used for constructiodifierent from design specifications, etc.).

In the previous country report (in 2005), photodrspf damages due to a typhoon that hit the
country in 2004 were presented. One of these ghistbhat of damaged lattice transmission
towers in Naga City, and is shown again in Figutieelow. It should be noted that the basic
wind speed for this location at the time of condian of these towers is approx. 65 m/s as
opposed to the current required basic wind speed5oin/s, and that at the time, resonant
effects have been neglected in the design. Howaeher typhoon that hit this place only
registered maximum 3-second gust winds of aboutn& The ratio of the squares of the
design wind speed of the structure to the actuatiwspeed is approximately 1.4. This is within
the range of GFRs calculated using the procedursepted in this chapter. Again there are
other factors that may have contributed to theapsié of these towers. But if dynamic wind
effects were considered in the design of this tomwehe first place, the non-consideration of
dynamic wind effects could thus be ruled out as ohthe causes of the collapse. Again, a
more accurate study on design wind speeds in tiigpihes is necessary, as well as all other
improvements to the wind loading code in particalad in the design and construction practice
for these structures in general.

Figure 1. Damaged lattice transmission towersagaCity due to a typhoon in 2004
(Photo courtesy of Michael Padua, Typhoon2000.cainsite)

3 TYPHOON MILENYO: WIND LOADING ISSUES RE-RAISED

3.1 Available Information

From November 27 to 28, 2006, Typhoon Milenyo mé&dwlfall in the Philippines. Metro
Manila, the seat of government and commerce inPthiippines, was directly hit at around



2:00pm of November 28. Some sources (e.g. the dymit000.com website) have cited that
when Milenyo made landfall, the recorded maximunst@med wind speeds of Typhoon
Milenyo reached around 63 m/s with recorded gusédp reaching 78 m/s. In Metro Manila, it
is said that the recorded maximum sustained wirekdp reached 35 m/s and that the gust
speeds reached 45 m/s. Based on these numbetspofyMilenyo may have exceeded the
NSCP-2001-prescribed design wind speeds for somatitms, although not necessarily for
Metro Manila (with a design gust speed of 55 m/s).
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Figure 2. Track of Typhoon Milenyo (Internationahie: Xangsane) based on Joint Typhoon Warning
Center (JTWC) Warning No. 009. Courtesy of Michaatiua, Typhoon2000.com website.

3.2 Damages

The amount of damages, as well as death and irgueyto the winds of Typhoon Milenyo was
one of the worst in 11 years particularly for MelManila, with approximately US$ 24 million

in damages and around 200 deaths. Galvanized (Bdh roof sheets were blown away,
sometimes damaging other structures and in one ldisg one person. Many trees were
fallen or uprooted, cutting electrical transmissloes, damaging roofs, collapsing walls, and
blocking roads and other transport routes. Sorh&ansmission lines posed as electrical shock
hazards, and in fact killed at least two personBoles and trussed towers supporting
transmission lines, as well as some sign structamelsantenna-supporting structures, were also
reported to have collapsed, leading to days of pawméages and communications breakdown
for most of the affected areas. Some of the failansmission line poles usually of reinforced
concrete construction also damaged adjacent stas;tand at least in one case fell on one
vehicle. A vehicle in one of the building-linedestts of the Makati City business district was
overturned. At least 40 billboards were reportetidve collapsed, with at least two reported to
have fallen on vehicles leading to the death gbétssengers. A collage of selected photographs
of damages is presented in Figure 3.

3.3 Wind Loading Issues Re-Raised

Perhaps the most controversial of the damages btoalgout by Typhoon Milenyo were
collapsed billboards (advertisement boards supgausially by truss/lattice structures). A



representative of the billboard owners claimed ttie design wind speeds for billboard
structures were exceeded. There may be somettrtitins claim, but again, the importance of a
more accurate estimate of extreme wind speedserPthlippines need to be re-emphasized,
starting from better wind speed measurements terahalyses of wind data. The limitations
of the NSCP-2001-prescribed wind speeds identifiegarlier papers by the authors need to be
first addressed.

Billboard collapsing on vehicle Billboard collapsing on adjacent building
(bettylopez.i.ok (maniladailyphoto.con

Sign structure falling on transmission
lines (flickr.com/dbludvl

www.ing7 net

Transmission line pole collapsing on vehicle
(Wwww.inq7.net)

Bus stop waiting shed collapsed
(flickr.com/dbludvl

Overturned vehicle
(manila.metblogs.cor

Interior ceilings damaged
(erraticextrovert.i.pt

Temporary construction structures Fallen trees entangled with transmission
damaged (manila.metblogs.cc Collapsed wall due to fallen tree lines (disini.i.ph)
(beatriz.i.ph)

Figure 3. Collage of selected photos of damagegad’yphoon Milenyo. Photo credits are given in
parenthesis. Most of the photos were taken frarinternet websites.



Assuming the design wind speeds are sufficientethee other issues that may have caused the
collapse of these billboard structures. For examiilere are some provisions lacking in the
NSCP-2001 such as flexible-structure GEF formutetitor different types of structures. The
tendency of structural designers is to use thel4stjiucture GEF, or consult wind loading codes
from other countries. In the case of structurehaas trussed towers or billboards, the natural
frequency may be greater than 1 Hz even thouglagpect ratio is much greater than 4. Thus
structural designers could technically freely cleobgtween a rigid-structure and a flexible-
structure design assumption. For a ‘more econdhdesign, structural designers then tend to
use the rigid-structure assumption, although itle¢doe shown (e.g. by Loredo-Souza &
Davenport [2003], Aquino [2006], and Aquino et 2006]) that the use of the flexible-structure
design assumption may be more appropriate for gyes of structures.

Other issues in the NSCP-2001 wind loading promsiwere identified in the 2005 country
report, and some were briefly mentioned earlieCivapter 2, Section 2.3 in the current report.

In summary, the issues (re-)raised in the afterrafyphoon Milenyo are as follows:

1. Need for better estimates of extreme wind speeaus$other wind field characterization
parameters including wind speed profiles.

2. Improvement in the wind loading code provisionganticular and in the wind design of
structures in general, assuming estimates of extmeimd speeds are already sufficient.

4  WIND ENVIRONMENT ISSUES IN THE PHILIPPINES: A BEF UPDATE

With respect to wind environmental issues, it wadier mentioned that there are no known
studies on indoor air pollution control or natucadss ventilation, and pedestrian level wind
environments in the Philippines, particularly besmuhere are no known or documented
damages, injuries, or the like due to these issues.

However, based on the response of some locals enPthlippines to informal interviews
conducted by one of the authors of this reporteptthn level winds are beginning to pose a
problem, particularly in rapidly urbanizing Manild&or example, a respondent in the business
district in Makati City has mentioned that wind ede tend to be amplified at certain
intersections in between high-rise buildings. WHHis is desired particularly for the temporary
alleviation of the daily warm, tropical temperatsiia the country, the same issue could become
a problem during extreme wind events such as teeguge of typhoons, or when the number of
high-rise building construction in the city has @groto cause such a problem. Typhoon
Milenyo for example overturned some vehicles ingein high-rise buildings in Makati City.

A respondent residing in a high-rise condominiunidag has noticed wind naturally flowing
through his condominium unit’s doors and windovihe respondent mentioned that while for
ventilation and “cooling” purposes this “cross-vation” is desirable, the respondent noted
that during a typhoon, non-structural elementsdiesiis unit such as picture frames tend to be
blown away from their original positions, or int@ridoors tend to vibrate annoyingly.

These wind environment issues are certainly presantl continuing to escalate in the
Philippines, particularly in highly urbanized Mamil Aside from the Clean Air Act which aims
to control pollutant emmissions in the atmosphecefurther research studies or enactments of
other laws or specifications to address these $sareebeing conducted, for various reasons.
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