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interannual climate variability in Southeast Asian region) lag TA.93.9 91 Funl3
INANLINGIANENT UNINEIEWALULAENTEIDUNAITUYS

o 1asns “nalnlasanszNuUInUlULUTTE AT TBlas N8 luaUIARYY
nsifanunindnanusuavaynsduladukasUssmauneula ” (Mechanisms,
impacts and future projections of the interdecadal variations of rainfall

extremes in Indochina Peninsula and Southern China) Iag Qmmﬁ ansdinim

nIugeleNIngn

> fuil 16 Aameu 2562 Faliiinisussyuiiausnnuimiiuideynanusiielng -3y
o Viosdseag 1 4 15 ana. 53w 4 Tasenns fadl

0 mufmtheded 1 vedlasins “msmevauswwesiliilusensivdsuuUauay
ANULUTUTINVRIEA N TN AR LLLIaEAYA: NSElANYIvIRUaaTnULEY
a@ﬁ@j@‘ﬁ' 101 23A10zTUDDN” (The response of typical forests to climate
change and climate variability along a latitudinal gradient: a case study on E101
longitude dynamic plots belt) Ing Hf.AT.MUSUT MORY INTHIAINTAUNINETY

o mrwfnviased 1 vedasinis “mwauauawaﬁg%’ﬂsﬁwﬂ’;ﬁuuazﬂizmumi
suaqﬁsuWiswiamﬁL‘LJE'auuﬂammwgﬁmmﬂmﬁamuagm@u‘lm%mawaE’J’auﬂé’u
Gfagﬁmmﬂizﬁuqﬁmﬂ” (Response of land surface hydrology and vegetation
activity to climate change over the Indo-China Peninsula and their regional
climatic feedback) Tne we.a5.Us2aNS Sanarauad anuwminededed

o anudmmthedsi 1 vedlasins “unumvesuazesslutuusseinaiiduasonis
Lﬂﬁauwmg:ﬁmmﬂ: HANTENUNNNTINNDRY uazdmadoundusessuuauusauly
UsziAlng” (Roles of atmospheric aerosols on climate change: Direct / Indirect
effects and feedbacks on monsoon over Thailand and South China) 1@ @
A3allan g3l 3nanduITeMTIAERSWAKYIA (RIAN1TUMITL)

o mufmteded 5 vedasinis “nsnsratefiardnvaaIT e AR TUBY
a]'1ﬂmiLm’llﬁﬁsuaﬁamaiummazﬁgmﬂamLLawz’"v‘uaaL@L%&JLLazmamwuﬁﬁsia
Qﬁaﬂﬂwmaaqﬁmﬂs’mwgqﬂ?mmu’éwNumﬂaumqm ” (Distribution and
characteristics of black carbon from biomass burning in the middle-and low-
latitude Asian and its impact on regional climate and monsoon precipitation)

1ng f.A5.A7% WIHNEIUNS NADNTUUURANALUSUSANENS
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s wazUswduiomludsdnifmfunnnsussgy soasdondsd
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nswasuulasaningiionna” lag sa.as.Usydns Tanastauisd numinede
el
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o Tanams “msveneimesaniounasnanssnusianzuiudauarinviugaamsgy
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=

yaansiianuninnanusanuagnduladuasUssineiunauls ” lag AN

a

ansinnm nsugnfleninen

9
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a = a
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Tasan1s "unuinves uazeaslutuusseinafidnasonisiudsuulasgionnie:
HANTENUNINTINIE 03 wazdamadoundudasyuvanusaululssnealne”
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O 1ASINIT “AISANINANWAENEINTAIANULUTUIIUYDIANINDINIAL LU LIUNUNA
niaAelenziueenidedds” lng 56.05.891 §UT numIngrdemalulad

WILIBUNATUYS

> %’msl,ﬁﬁmiﬂizLﬁuwﬂmiL%ﬁﬂimwf@mng 59 3 lasens leun

O  UszllunauAdelasinis “A1snTeanemuaanyUslaNILI0ILUAAAITUBUINATS
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22.1.4 msanidualuszey 6 oy 9 4

Aud THA-GLOB Annuanuiniviivssngaidemuszeznaissyliludyan sunsussyy
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o Ta3in13 “nsmouanevesdnInTUIRIAuLAENTTUIUNTTBIRINTIUADNNS
Wasuulasannnfionnemienvaynsdulaiuuazradeundusegienniasysu
gfina” Tag sansUsedvs Sanaianasd mnuvingndeidodl

o Tasins “unumvesduazeaslutuusssinaiiinadenisd suudasgdennie:
HANILNUNNATINEDBY wazdmadaundusossuvanusgululssivalng” oy
A3.9%a0 a3Afs 91NaaTUITYMIIAERTUNINR (BIANITUMITL)

O 1A3IN15 “NalnuaskansenureenNURLLUTTERIImmsTYRaznmanglusunAnves
nsinduniniaanuinanivaynsduladunaryseinalunauld” loy AN

angPinia nnsugnileainen

> fuil 25 quanitus 2564 daliiinisuszyuiiausanuinvinagnanunsidelasenns
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O 1AsINTT “wansenuiiuveinudnuizniuaiivesuazeowuindn anmgiionniea
wazKasaavnIn MNMsUanUasunisiniiiatuniamiiensuuuressemelng ”

1y AT.ANITIM Usenuama nuvanendeiesinl
eaziBunreinsUssgulitedniunuifeuazasunaUsedu diniauwan

2.2.2 myUssguauziududeyadunisiufsuulasgiisniauazuuusiaes

Aug THA-GLOB ldUszanuuazdnnsussaumidoiuimanmsdniuanusening an. uay anad. 1309
AnzvhausudeyamsUdsunasniionnauazuuudiass Wotud 13 nuaius 2563  eaUszyu 601
91A1INTENTNNINEINTEITNVAUATAsundon Tnefiveasulidansussyunngyinanu fudeyanis
L‘U?{auLLUaaQﬁmmmamwm‘i'}aaq (Working Group on Climate Change Data and Modeling) adait 1 lu
Juil 9 Wwiou 2563 a1 09.30 - 12.30 u. a4 HeaUsyau anad. wildlesaintasaneideudiuiay 2563
anun1salnmsseuiavestsalain-19 lulsewelne dnsdianuguuse dwalisguialsenadenaitiay
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2.3 MINN3D3IUNUTENTN anan. 2%. wazaAud THA-GLOB
duiesnnisuudsulasiaiansiausening anan. uag 2v. Jadelvinisussyumiesmiu

ruszuueeulatissning anan. 2v. uaz THAGLOB weuil 24 fquieu 2563 luussifiuvesumumuiig
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uni 3

AMUTINNBNI9IVINISAUAIUTLNA

3.1 AUSNlBAUUIdENUUTEINATY
3.1.1 mMsatuanuluszes 6 Wwauwsn

dui o9 narusaudienisinisnield MoU sen3ne anad.uag National Natural Science
Foundation of China (NSFC) fiug THA-GLOB dslauszanuuavuszniasudaiauslasinisganinusiuile
Tne-Fu i oTudl 15 wwirey 2562 aveldiads Climate Change & Climate Variability Research in
Monsoon Asia, Phase IIl (CMON3) lagil main topic A® “practice-oriented climate change adaptation”
whiludeves
> Improving scientific understanding of evolutions/mechanisms/processes of various
forms of climate extremes (drought, precipitation, etc.) to support adaptation. This may
include the aspects such as predictability and modelling of extreme climate.
> Assessing the impacts and risk of climate extremes, evaluating the measures,
technology and innovation for sustainable managements of both natural (e.g. forest
ecosystem, ocean etc.) and man made systems (urban, water resources, agriculture,
and etc.). The topic may also include the study on respond characteristics and
mechanisms of both systems to climate extremes.
> Providing the solution/platform to cope with climate extremes (e.g. web-based
platform or mobile phone-based application to provide information for precise/smart
or sustainable management of agriculture, establishment of early warning/forecasting
systems, development of measures or technology to avoid loss and damage or to

enhance the adaptive capacity of locals to climate extreme events, and etc.)
swlasudeiauslasin1snedu 22 1599 ndu dalidnszuiunisAndendeiauslasinis aula

ToiauslasinsnunsAndiontaglisunisatvayunuidy s 4 lasanis (SwasBennainte 2.1.1.1)

TuduveanseuiunisAnden dnadl

18
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P30 IUAUTETNINEANET. way THA-GLOB
WDANNTDIVDLEUBIATINISLUDIAU LAY INLAUNISAELIY

7NNsAALEEN 11 ToLEUalATING UIWLEUDIIUITY

Jolriinsuszyusuilainisiauedeiaualasinsidy

lnernsenanal aswuu

JaandusazUszanuiu NSFC iiedudtaiaualassnsidelnguaziu

FI9 2 H8ABENUNITAREDNATINUY 57U 4 TBLEUBLASINNG

Whgnsruiunmsiaudaiauelasanig

(RanTsu SUUTENIA UAZNITUTMITIANITIATINIG) [opandaye

DONARYYILALIUANTUNITIVY

TwadennsUsEMasutaiauslasinsynAusINilelne-u wagivuan1IN1sUTEEN AaNIANLIN A
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3.1.2 nsanbuanulusses 6 haun 2

Aue THA-GLOB ledszanuuagsiudu anad. way NSFC Tlumsdanisuseaivnissiulng-3u A
n1swdguulaigioniaasad 7 sendneiudl 25-30 weAdnieu 2562 o gedad dul Taesn nsed
o w X
S18azdLARl

1 -dl a o v A
AU 1 UTsauulastistuanyszyyl au

'
a a v

> Junan uazaanudl wilsdoilyusyyn Sruinidnidenidnsiueu nsiiuniaaznnsdin

v a

> 10na5UenNaunIsueIYn NISAUNI LagnsnnnAlssuvelnITe AU

Y a 1

> anuiidauszau Fewinuesinideialneuaziu sufsffuimsuazidminion 2v. uas
anen. THA-GLOB uagidmihiltissny
> AN319aIMSHUNIG
daudl 2 : daviienansuszneuntUsz
> nuans wazdnii Booklet utsye
daudl 3 : UszanuiTennauazynanns
»  Moderators Usenausag Prof. Dr. Lin Wang, 3/.03.81113 ¥alsad wag ag.U5am 1350
1nn
> wthiitisanunisussy

Y [y [

nIvenaIUIy 1NN TUNARINEIRETINATUNS I ULA FILINGDN 1S

=

O
o thAnwUSyaen MndufininerdeTiudundiuiardanden us.
o UnHuanAudITeinermansszuulan uas.
O Wmthilangue KGEO uas.
dudl 4 : sUuvaznsAdunTUTEY
> ussneiiaving
O Keynote #4931 #e Prof. Dr. Tan Benkui 971 Peking University 509 Amospheric
teleconnection patterns as subseasonal climate variability
O Keynote Hilny Ao Annssd AvdTana sesedufnsugaieninen Fes Climate
information and research collaboration in TMD
> msdaueteyanuidevesinidedu laun
O Prof. Dr. Yang Song 210 Sun Yat-sen University 1504 Southeast Asian climate
change and its global climate effect

O Prof.Dr. Xiao Ziniu 910 CAS 1384 The influence of Tibetan plateau thermal

anomaly on low frequency activity in Bay of Bengal
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O Prof. Dr. Cao Jie 920 Yunnan University Sog Bay of Bengal — East Asia Pacific
teleconnection in boreal summer

O Prof. Dr. Wei Zhigang 910 Beijing Normal Iniversity 1304 Characteristics of solar
spectral albeso over the typical secondary evergreen broadleaf forest in the
South of the five ridges in China

O Prof. Dr. Gong Yuanfa 910 Chengdu University of Information Technology o
Changes of moisture budget over southeast Tibetan plateau and its impacts on
precipitation of China in summer

O  Prof. Dr. Zou Zhiyan 910 Chinese Academy of Meteorological Sciences 304 Soil
moisture ans East Asain summer monsoon

O Prof. Dr. Meng Xianhong 910 CAS 304 Introduction of Zoige plateau wetlands
ecosystem research station

O Prof. Dr. Wen Zhiping 911 Fudan university 1304 Interdecadal change in the
principal mode of winter-spring precipitation anomaly over tropical Pacific
around the late 1990s

O Prof. Dr. Zhang Yaocun 310 Nanjing University 39 Response of CAPE and CIN to
global warming in CCSM4 global climate model

(@)

nsdaveteyadnIdenyalasinTideTining-Iu s 15 lasans

> aguiidnsaunisussu sau 80 viu Usznausie

N

USMITWALLAUIT NSFC @nad. hag 2%.
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PINUNLATING UNIFUIIU LU THA-GLOB

1Y [

Un3venaausytan (post-doc) ¥as JGSEE hag Un7dy KGEO way ESS 21
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WNINIRNALULAENTEIRUNATUYS

O #@ulavy

3.1.3 n1sanbuaulusses 6 Whoun 3 waz 4

duilosananiunisainisszuinedlain-19 Mlinsdadssyuivinisssulve-Ju d1unis
Wasuwlaugiiennia asen 8 Fadedussiludinmdnnisussguinaisnsasgussrvuiuiy luaunse

ANTUNITAULEULS
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uni 4

NNTLHYLWINATY

4.1 n159aLa% Global Warming Forum
4.1.1 msanduanlusees 6 iaouLsn

Aug THA-GLOB laUszanu anad. uaznsuduasununIndawinaeu nlvidiaf Global Warming

v @ PN

Forum @399 1/2562 1399 “W3eUSUANULELIN8WaY 25627 10 TU09A15N 2 w18y 2562 11an 12.30 -

s A

16.00 1. o4 9193 VoA 48 Lsausuunuiu YSuwa lneddngUsvasdiiiodaans iWeuwnstayaivinis
Uagtudenduanunisalanuuiugs wandsudefniiu uarasiesdanuiuazanudiladiadgmany
widanuszmalneeissdeaundaglul 2562 uazauian laggidnsiuuseyu 80-100 vinu Useneusie

Y

NIYINTT HUNUAINTUIBNUAIY T901ASTLAZIONTY TTINEINTIINUTTEWUALLAIN 4 YU Fsil
® 3.95u1 gue13Y NnsUaRHuuIngl ussengluite wesEnIuNTaliEwas 2562

® AS.AUNAT ASUUAINT INFITUANTAUNANTNINTUN (E)Qﬁﬂ’]ill‘ﬂ'ﬂiﬂ) usseeluite seuy

Toyan13nsIvinANuLaLas kaznslduselel

[
% ¥ b4

FINAMULAIULLS

a

® as.Unsal WiysUszes 90 GISTDA ussengluiile wn3esdle fy

® 5A.A5.4a3 ANTITING nuMINedesdn ussengluiite anuwiudineldnisiisuuag

nllena

4.1.2 msaniduarluszes 6 iaouy 2

6

Aug THA-GLOB laUseanu anad. waznsuduasununIndawinaeu 3nlvdiaf Global Warming

€

v

Forum A337l 2/2562 1304 “TAlvailng meldanunnasiia” Wefungiaudd 10 garan 2562 1nan
13.00 - 16.00 u. a4 siosnuading 1 lssusuines qlara lnedinguszasdiil et auedayaniuives
an1unsaimaAsuutasgiennia nanszvunagnisdidunsnelulssmaisanniniguasionsy
suddlenawazanuimielal yuneswwesruiulninglaanunnasiia (Paris Agreement) lagglitnsu
Uszau 80-100 ¥i1u Usznaudaetndsnnig funuainviuienusieg Hanaiguasiontu dinenssau

UIFHNULAZLEIUN 4 YINU P91

® a5.nag Y @197105 INAIUNIUUL VIS LAZLHNUNSWYINTSITUI IR LA FIINAN UsTealu

v Y a al o a 1 4 =)
Wile dslveaidunisuazlendludveslneniglaanunnasisa

® f5.89ANY Auana INNTUARATUAMAINEWIRGeN UTTEIElWTITD HaNTENUIINMANITAIN

WNTUBE19TN (slow onset) WazkuINIINITALTUINY
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o aanlna dudsziasy Mndrinnuiaweg1edaly (SCG) ussengluiive yuueanaleNYY:

YNUIN AZAITANEUNT

® AUNYSANA NUNATUSUNS Hunuenvumlanlunisussyy COP24 wagldnvadlasanis “Dress

a dream” ussgngluite yuueweasauulmiiudwindondiden

T1982L8ANTNNTUTLYH AINIANLIN 9

4.2  n159NYINULeda 1% output ANsINTR INeIU
nsanduulussey 6 WWaun 3 wag 4 gud THAGLOB laUszaruduinidelneaeldyn
lasamidesiulng-Au wisvedeya output 1A5aN398 wazihudavimilsdesiuTiunandniinduain

ANUTielne-Ju

4.3 n15IRUUTEYY / §UNw / training wag workshop

duiesnaniumsninisszuinveslsalain-19 wagunsnisaennntdvesizuia silrnsaduem
Tuszey 6 Woui 3 TuduvesianssunsdnnisUssyn & training wag workshop lalanusadiiunis
ANl

nsAduauluszes 6 Weudl 4 gud THAGLOB $aufula3etne Thaiflux mAdwinunsiigauas
NINGINTTIIUYIA ANEATANENT W Inendeidedui uSEm wduadu Usewelne) 3100 Aaendsu
Lardwndon uminerdensien wazanuideamaniusiend (esdmsumvy) dalilasinis
AnouUsIaUfURn1s ThaiFlux Workshop 2020 Fos “mInmaianmsuanidsufinsaiueulaeenladuas
lotlneinainnuulsUsIuT LU UMY (Eddy covariance technique) Tuszuufinansinunuas

a

Ul 5813193ui 16-18 weAdnieu 2563 a WiesUseguiiAvg 15als AnzinunsA1ans uningidy

<3

[

Fedlvl Tneilinguszasdiiteiaiuaunndlaluanudfgueseniosineuas msdnwinisuasuuuag
am‘wgﬁmmmiamamam%’juﬂgugﬁ TN uANUMUTUTINTIMLUUNYUIL (eddy covariance method,
EC) Mugnun1svianuwesssuy EC uaganuannsalunmsinneideyaidosiusiulusuny EddyPro uay
Tovi Tnsmsuszaiiglfeuaulanazidnian sausisdu 70 audsenoudetiniennis dumuanmiieny

7119 MNIASTUAZLONYUY TINYINTIINUTIENE 4 vinu eiadl

® 5A.A3. 81119 Falsas 3nAuEG THALGLOB UaudinInequs1ua 1ung 1 ukagd swind ey
wnIngrdumalulagnszanundsuys ussesluiide “amsinvea3adng ThaiFlux
network fuN13@nwIN15UTUAIvRIssvUlnaUlduaznsinunssanisild sullasanin

n¥l@1n (Climate Change)”

¥

® i unu Li-Cor, USA Usse8lun19 e “Eddy covariance method for scientific, industrial,

Y

agriculture, and regulatory applications”
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® 5A.A5. YUNAW INBUNTNY INAATNNVEIU ANNEAT UMINedeinynseans ustengly

Wt “mydszyndldmaiia EC funiamsinensuazemnslulsemalng”
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Joint Call for Proposals

National Natural Science Foundation of China (NSFC)
Thailand Research Fund (TRF)

Theme: Climate Change & Climate Variability Research in Monsoon Asia, Phase Il (CMON3)

Aims and scope

Following the first and second calls for research proposals on climate change & climate variability

in Asia monsoon region, and to attain the ultimate goal of collaboration between TRF and NSFC, which is

to increase adaptive capacity and resilience to the impacts of climate change and variability based on

advanced scientific foundation, TRF and NSFC have jointly announced for the application of research project

proposals in 2019.

The main topic of this 3™ call for the joint research proposal is “practice-oriented climate

change adaptation”.  Along with improving our scientific understanding of drivers and mechanisms of

observed climate extremes and future trends, the proposal should also emphasize:

Improving scientific understanding of evolutions/mechanisms/processes of various forms of
climate extremes (drought, precipitation, etc.) to support adaptation. This may include the

aspects such as predictability and modelling of extreme climate.

Assessing the impacts and risk of climate extremes, evaluating the measures, technology and
innovation for sustainable managements of both natural (e.g. forest ecosystem, ocean etc.)
and man made systems (urban, water resources, agriculture, and etc.). The topic may also
include the study on respond characteristics and mechanisms of both systems to climate

extremes.

Providing the solution/platform to cope with climate extremes (e.g. web-based platform or
mobile phone-based application to provide information for precise/smart or sustainable
management of agriculture, establishment of early warning/forecasting systems,
development of measures or technology to avoid loss and damage or to enhance the

adaptive capacity of locals to climate extreme events, and etc.)

Project requirements

The project proposals must be written in English (China side also need in Chinese) and should

demonstrate a research need for Thailand-China coordination in consistent with the topics described above.



It is required that a research team must be comprised of at least one principle investigator (PI) and one co-
Pl from China and Thailand. Participation of young scientist is highly encouraged and valued by both TRF
and NSFC. This call aims to support research projects of 3 years duration in Thai side and 4 years in China
side. The project will be funded only when it fulfil the objectives of both TRF and NSFC, and mutual
agreements between TRF and NSFC are reached, based on the peer-reviews and evaluations of experts
from both sides. The expected numbers for funding are up to 4 projects, with support from TRF up to 4
million Bahts per project.

NSFC and TRF will give high priority to the proposals with the exchange research activity of young
scientists (those who have graduated at Ph.D. level not more than 5 years). Additionally for TRF side, a
priority is also given to the proposal that clearly incorporates/integrates the needs of end user and has high
potential or demonstration for research utilization, which need to be clearly indicated in the submitted

proposal.

Timelines

The timeline for the 3™ call for the “Thailand Research Fund (TRF)-National Natural Science
Foundation of China (NSFC) Joint Call for Proposals on Climate Change & Climate Variability Research in
Monsoon Asia-CMON3” will be starting on 15 April 2019 and closing on 30™ May 2019. P! is required to
submit a full proposal (~ 15-20 pages long) describing the rationales, scientific objective, detailed
methodology, project execution plan and timelines, the research team members and the budget. Below

are the important timelines:

Call for proposals: 15" April 2019
Full-Proposals deadline: 30™ May 2019
Decision announcement: 1° August 2019
Projects begin: 1" September 2019

Application procedure

A full proposal following the template (downloaded at www.trf.or.th) must be submitted via hard
copy and electronic file to a contact person in each country.
Thailand:

Please send hard copy of full proposal and e-file to Public-Wellbeing Division. Address: The
Thailand Research Fund, 14th Floor, SM Tower, 979/17-21 Phaholyothin Road, Samsan Nai, Phyathai,
Bangkok 10400. Email: trfpg3@trf.or.th
China:

The China based Pls must apply and send their application forms to NSFC through its online system
(http://isisn.nsfc.gov.cn/egrantweb/). Please contact with Mr. Nianhe Rong via rongnh@nsfc.gov.cn for more

information from China side.
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The 7th
China-Thailand
Joint Seminar
on Climate
Change

25 - 30 NOVEMBER 2019
HOLIDAY INN RESORT KRABI

AGENDA

MONDAY 25 NOVEMBER 2019

Pick up Chinese and Thai delegates from Krabi International
Airport to Holiday Inn Resort Krabi Ao Nang Beach

TUESDAY 26 NOVEMBER 2019

Venue: Ao Nang Orchid | Meeting Room, 4th Floor, Holiday Inn
Resort Krabi Ao Nang Beach

08.30 - 09.00

Registration

OPENING SESSION

09.0 - 09.20

10.00 - 10.20

10.20 - 10.40

Opening and Welcome Remarks
By Assoc.Prof.Dr. Chanathip Pharino, TSRI

Opening Remarks
By Prof. Dr. LIU Zhe, NSFC

09.20 - 09.40 Keynotel: Gaining new insights
info the monsoon research through attending the
NSFC-TRF workshops

Prof.Dr. CHEN Wen, Institute of Atmospheric
Physics, CAS

09.40-10.00 Keynote2: from Thai
Meteorological Department

Keynote 3: Atmospheric teleconnection
patterns as subseasonal climate variability

Prof.Dr TAN Benkui, Department of Atmospheric
and Oceanic Sciences, Peking University

Coffee Break

10.40-11.00 Southeast Asian climate change
and its global climate effect

Prof.Dr.YANG Song, School of Atmospheric
Sciences, Sun Yat-sen University

11.00-11.20 The influence of Tibetan plateau
thermal anomaly on low frequency activity in Bay of
Bengal

Prof.Dr. XIAO Ziniu, Institute of Atmospheric
Physics, CAS



12.00-13.30

13.30-13.50

13.50-14.10

14.10 - 14.30

14.30 - 14.50

11.20-11.40 Bay of Bengal-East Asia-Pacific
teleconnection in boreal summer

Prof.Dr.CAO lJie, Department of Atmospheric
Sciences, Yunnan University

11.40 - 12.00 Decadal climate variations and
the near-term climate projection over the Southeast
Asian mMonsoon region

Dr.Atsamon Limsakul — Environmental Research
and Training Center, DEQP

Prof.Dr.WANG Lin - Institute of Atmospheric
Physics, CAS

LUNCH at Inn Asia Restaurant, 2d floor of the
Hotel Lobby

Study on mechanism and prediction of inferannual
climate variability in Southeast Asian region

Assoc. Prof. Dr. Usa Humphries — King Mongkut's
University of Technology Thonburi

Prof. Dr. ZHENG Fei - Institute of Atmospheric Physics,
CAS

The Tropical expansion and its effects on summer
droughts and floods in the Greater Mekong
Subregion

Asst. Prof. Dr. Sumaman Buntoung - Silpakomn
University

Prof. Dr. CAO lJie — Department of Atmospheric
Sciences, Yunnan University

The infegrated impacts of chemical characteristics
of fine aerosols, climate and their associated health
effect from biomass buming emissions in upper
northem Thailand

Dr. Danai Tipmanee — Prince of Songkla University

The infegrated impacts of chemical characteristics
of fine aerosols, climate and their associated health
effect from biomass buming emissions in upper
northern Thailand

Dr. Tippawan Prapamontol — Chiang Mai University
Prof. Dr. ZHANG Yanlin - Nanjing University of
Information Science and Technology



14.50 - 15.10

15.10-15.30

Roles of atmospheric aerosols on climate change:
Direct / Indirect effects and feedibacks on monsoon
over Thailond and South China

Dr. Narisara Thongboonchoo — King Mongkut's
Institute of Technology Ladkrabang

Prof. Dr. HAN Zhiwei - Institute of Atmospheric Physics,
CAS

Coffee Break

15.30-15.50

15.50-16.10

16.10-16.30

16.30-16.50

18.30

Characteristics of solar spectral albedo over the
fypical secondary evergreen broadleaf forest in the
South of the five ridges in China

Prof. Dr. WEI Zhigang - Beijing Normal University

Land-air carbon, water and energy fluxes over
different temrestrial ecosystems in the Asia Monsoon
region and their response mechanisms fo climate
variability

Asst. Prof. Dr. Tiwa Pakoktom — Kasetsart University
Kamphaengsean Campus

Prof. Dr. LIU Huizhi - Institute of Atmospheric Physics,
CAS

The response of typical forests to climate change
and climate variability along a latitudinal gradient: a
case study on E101 longitude dynamic plots belt

Asst. Prof. Dr. Wirong Chanthorn - Kasetsart University

Response of land surface hydrology and vegetation
activity fo climate change over the Indo-China
Peninsula and their regional climatic feedback

Asst. Prof. Dr. Prasit Wangpakapattanawong -
Chiang Mai University

Prof. Dr. CHEN Haishan - Nanjing University of
Information Science and Technology

Welcome Dinner
Inn Asia Restaurant, 2nd floor of the Hotel Lobby



WEDNESDAY 27 NOVEMBER 2019

09.00 - 09.30

Registration at Ao Nang Orchid |
Holiday Inn Resort Krabi Ao Nang Beach

09.30 - 09.50

09.50-10.10

10.10-10.30

10.30-11.00

11.00-11.20

11.40-12.00

12.00 - 13.30

13.30-13.50

Influences of soil moisture over the Indo-China
Peninsula on East Asian summer climate

Prof. Dr. CHEN Haishan - Nanjing University of
Information Science and Technology

Changes of moisture budget over southeast Tibetan
plateau and its impacts on precipitation of China in
summer

Prof. Dr. GONG Yuanfa - Chengdu University of
Information Technolgy

Soil moisture and East Asian summer monsoon
Prof. Dr. ZUO Zhiyan - Chinese Academy of
Meteorological Sciences

Coffee Break

Intfroduction of Zoige plateau wetlands ecosystem
research station

Prof. Dr. MENG Xianhong - Chinese Academy of
Sciences

11.20-11.40 Interdecadal change in the
principal mode of winter-spring precipitation
anomaly over fropical Pacific around the late 1990s

Prof. Dr. WEN Zhiping - Fudan University
Variability characteristics and mechanism of extreme

events in South Asian Monsoon region under
changing climate

Prof. Dr. WANG Chenghai - Lanzhou University

LUNCH at Inn Asia Restaurant, 2nd floor of the
Hotel Lobby

Subseasonalto-seasonal variations and predictions
of rainfalls over Southerm China and Southeast Asia

Mr. Charoon Laohalertchai — Thai Meteorological
Department
Prof. Dr. YANG Song - Sun Yat-sen University



13.50-14.10

14.10 - 14.30

Response of CAPE and CIN to global warming in
CCSM4 global climate model

Prof. Dr. ZHANG Yaocun - Nanjing University
Mechanisms, impacts and future projections of the

interdecadal variations of rainfall extremes in
Indochina Peninsula and Southem China

Ms. Kornravee Sitthichivapak - Thai Meteorological
Department

14.30 - 14.50

14.50 - 15.10

15.10-15.30

15.30-15.50

15.50-16.30

16.30-17.00

Asian summer monsoon variability during the
Holocene: a synthesis study on stalagmites and tree
rings from Thailond and China

Dr. Chotika Muangsong - Faculty of Mahidol
University Amnatcharoen Campus
Prof. Dr. CAl Binggui - Fujian Normal University

The impact of Quaternary climate change on
diversity and biogeographic patterns of selected
seaweeds in Southeast Asia: Genetic imprints and
ecological adaptation

Dr. Stefano Giovanni Angelo Draisma - Prince of
Songkla University

Coffee Break
The impact of climate change on fungal diversity

and biogeography in the Greater Mekong
Subregion

Prof. Dr. Kevin D. Hyde - Mae Fah Luang University
Discussion

Closing



AINUIIYINTA







irch Backgrouned

vadel (SIB) Is

Based on a land-surface

Parametorization
scheme origin o ec










ANARNUIN

1291 Global Warming Forum



31 n33nUseyd Global Warming Forum Assil 1/2562
“LHSENSUANUELINBLAY 25627

U Qﬂ’]i‘ﬁ 2 WUWgU WA 2562 1381 12.30 — 16.00 u.

4 193 Ueagy 1o Lssusuunuiu Ysuiwa



Gy
Ll oy,

A\

“
My
Lty

42
=]
ult®)

AmuAnN15La7 Global Warming Forum St 1/2562
“wsenFuanuieeiouds 25627
Fudemsil 2 ey WA, 2562 1281 12.30 - 16.00 .
M 21433 Uoagy 1o Lssusuuyuiu USuis
Tae nsudaisiuanA ey
3UAY

Hngadafnnansnsae driinsunamuatiuayun1side (ana.)

N wazANURIALY

Uspinalnemegluniinmaeifony usenidedls faudugiiniaiiiamuunzuisioniaasuudainionnie
Hueehann ul wa. 2559 Uszinalnegndalieglusudu 9 veslszmaifienudssgeaiignlulanildsunanseny
Mnnavasuudasgfiondluszersnangunaiiedsvedaniiduuilindvgeivesietedos dlulifeatul
Ussnalneldindaingafoudaminiigaluseu 20 U Reihinniludousarerafuiunalngiviinaanasets
sorilestudaudl wa. 2556 wazasvautunneduiisn Wewnanumngnisalieaiily ngadmanldneliiie
Anuuiandsuazviaunautinogaguuslunatefiuil afrsanudemeninis 29 Smiaiidosussnimduin
fuszauseitRlunsdanidu (Fouds) uae 51 Smfafinauaaudilunisguinauwasuilan fufimanuasldsuam
deving 2.87 d1uls Andugarinnudene 15,514.65 a1uum afepnudeieneniarsugionas n1sinensidu
DE9UN

@ v 1%

usnnUssmelnends Saiisnnaneussmaialaniindgyfuannisanuutuds wasiiuwliufiosindau
uarTULIIIN Ty afsemdemerossuuiasugianasdany endogiatiu vareUssmaluniduening dudued
w.el. 2558 Fndnyfuannganuuiudiimeigeluseu 35 U dwalyiuszvnavarsduaululsemeanieg Wy
Tududn aneitad 1and usaide uasuewsnild Uszavfutlymnisnauaauiuazemsesnsguuss uenanan
rnilanilavedlanfindyfulaymsoudaduiu wu AMARLIUANUBIUTLNARNIFBLUTN AaAILIug 819N
w1 15 9 auilfszduilunsieaumnned fadusrafviiuyudaiaduivunelgdusudu 2 ves

o P

andgn SUsinathanaundedoray 45 luduwhihiatadud feiedudurdeslngiivdedssfiufinanauazneu
Tivosansyn Savduihandaundelsif 4 vn dududd a.a 1988 dsansznudensiiuiFedudynusznndos
vgaveinas Andumnudemeduiulisng 85,000 &uum

mMaAnnnzAnuuiudsilanuazlulsemelng dunianandymmsvasundasgiionnia Gailuunliy
TamAntudeiiledluowan 8ntad wa. 2562 § dnerunaiemhenuiumngmsaieailgluldsnigint
nnd uazannisalinUinaruanazdesniiAadeund Seihlluddusemalnedanudowionniadoudan
2finie dafunisadresmnufnrundlaudasisasy wegnisnauwuiuiefoudedmdssandeidussesduas
svazen Sududesiiynnndiudesnseminduaslinnudifyedianniian dinamunewuaiuayuniside

(@n7.) waznsuduasununmdwndaulddaiuienudiAyvesdaymi F5ldsaudnau “Global Warming Forum



: WsBNTUATAEIABUAS 25627 Wiedoans weunstayaivinisdagtuieaiuaniunisalannuuiangs wanideu
JoRauiu wazasnesranuitavanudiladslymanuuiudnivsemelneonzdoundalul we. 2562 wazly
autAn Taudalinsigvianiunisalkagn1aieus mnaIrANLLiLd sluedn Tnaridrsiudseyy 50-80 vinu

Usenaudig Un3vIns unuannmiienusnge 1901asg AAeNYY AIAGAATINTTH WAZAIANITINYAT HLNUIN

Y1090 ULALNIAYSEY VU TIUDIFDUIAVY

ANUUANISLEIUN

Moderator:
57.A9.81U19 Fnlses
AusranunuauilsTaunuLasiamadfesulanfouwarnsiuasuudasgiionne

dnnunewmuativayunisive (@na.)

A3.9ANU ANENA

NINANSUANAMNEIINTDY

13.00 - 13.15 u. Wansuseau
o gunuainnsuauasunanInGauinaoy way d1neiunesuaduayunITIve

18NN INAY
13.15 - 15.00 U. LEIUY “LRTBNSUANNNLEBINBLAY”
UBIFANUNITUNTLAY 2562
08 Junueinnsuggileuine) (egszninmsUsyan)
v L % % v s
52UUTaYANTIINTIVINAUNLILES wazn1sTduselovy
0y @5.AUNAS ASULNAINT
AU ISTUNANTNI IN T IMAZNITN AT
A4 A v oado Yy v
1A30930 AYTYIINAULTAILAS
e ps.Unsal iiysUseys
andnimunaluladoiniauazgldarsaune (996n15unIYL)
% P ¥ a a
AMAwiILdnneldnsiasuLUagiionnie
108 57.95.483 AN3I7RE
guenmsivaguLasgiloInIauay SeWUa unIne1aesian
15.45 - 16.00 U. aAUTwazaNUAIUAUIIY

d3U uazUannsuszau

U 1781 wazdaun

’;’uﬁ 2 W¥8gU N.A.2562 1381 12.30 - 16.00 u.

f 9195 voagy 1o Lsausuuyuiu Ysuea



AN,

UNIUITYN

137 Global Warming Forum Asadl 1/2562

Romomos

“LATBUSUAULABINBLAY 25627

/.
Y

A\

%,

& y
1y
o ——y

4|4
=]
nv

Fusaansit 2 e w.A. 2562 1981 12.30 - 16.00 u.
o 91193 vaagu 1@ Tsausuyudu Yiuis
Tae nsudaisiuanAmaEwIndey
3ufU

dngadafnnansnsae driinaunamuatuayun1sivg (ana.)

1. ¥29Wsa
Ut 2 WU 2562 1ian 13.00 U,

AMANITIN 2EUTEYT K61nENsenseansuazuiuny nsuduaugunmdsnden Tugieditns land1aiseu

fa o

Wy A3.0UIA YULYS KE1IeMSAUEITeuarinausuAuAIIAdou NINAUASHAMAINEWIARBY NTENTI
NINYINTEITUYIAUALAWINA DY hae 5A.AT.3UITY 11TlU Heuensigatafnimaisisae ddnauneau
aduayun1Ide (an7.) Juna1Ifousui19ImuL wana1lalad Global Warming Forum A3l 1/2562

“LATEUTUANUELATEUAY 25627 QU 91UTT UBATH L8 LTausuunu Ty UTulea ngamw

91NUY WENLASEWTY As.8ANY Auana UNIPINTELIAGENTIUIYNTILAY NINANAUAMNAMEINTDY Loy
3A.05.87U19 Ialsa UszauaudUszauukasiaunuidesulaniounaznisidsuuuasaningieinia

(THAI-GLOB) &@n. lugue Moderator uuwund iewugtUse TRuasiToudnInensauussens

2. AMTEIUN
a oA
INYINTNIUN 1
AT.YaUA guesd Mnnsuanlenivet wuluide “uesaniunisalibuds 2562” Tazideadsll
> anunune “Souds” semensuandenine Ao annsfivsinauandosnitundmaeidy e
UniinsaniesineagvinedalTinanduay lasunsgiuwdiasldanadevest a.A.1981-2010 wn
fgevesninilaziedn “Hauni”
> Usmauludszndlne Juegiuauusqu 2 usquvdn laun anusquaziueonideanile Juvam
< = v A a ) Y : 1Y) [ &
AnudunnUsemaiunould Inenuniaziinlugiadaingnd Euieay - nua1ius) asduay
g TueanfifanAuuRINuaEswUdin dnludniduggruvesdssmelng (wquateu -
danaw) sxfuanusguaziuanidedls Faianianuduinanumayvstuiadigiuniy nelade
wihliAnenuliunfvesrulugisdsnaiidadendsfie n1sA1unswnds (Oscillation) vadseusgui
wWasuluandu ldilulunuggnia dadululdnladsurmansenuanainniswisunwlaigiiennia da
dntadenilsfe Wuaruneonedadudidefuaniunuin duanuneeinagausialssmaiud
ArswakuInzTueend saziduniswaniainud wdwnlulssnelnedu ianiswaluwug

AYIUDANWLWUTBUINNTT FINANLDIAULAILAAINLINY USUNuEUIIUNINUNG



> dwflonudoudadue ldun

>

>

® AULTILAIN19gATlenTng) (Meteorological drought) USunaudlufitiosninund Ansanu
1-3 hou umenalilasunansznuanntn
® ANUUWILAIMNILNYAT (Agricultural drought) Usinasrlufinnties Aenerudulsuiamilsau

MlrAMuauluAuana LagdINanIENUADNIINEAS

®  AULTILAIMNINAINET (Hydrological drought) L“f]‘ummLLﬁqLLé’aﬁLﬁmmﬂmiﬁﬂmqamaﬁ
rutiosvieliifiuy Usvana 6 Weutuld vilvssduhinuluuith erafui vzaaiu uazih
ARy anszival
fyfiauuiandsfidenldfvils fe Standardized Precipitation Index : SPI i un1seuInain
Uinaurlu wazvenaAndussiuresUSinasiuinnn teenind duselevdlunsydaedaygmning
whauds densudmsdanislumeanisnens Usmsdanini uazdug
A onlesvesnruuiaudeiuusngnisal ENSO wud1 maAsuulastesgangifiaimela
U%nmﬂmqumaqmuﬂ?uﬂﬂﬁ?ufiawa&iammﬁmﬂﬂaﬁuaqmﬂwaL%‘&Jusuaqsﬁguussmmﬂ WALNITNANT
mm%u-mmuﬁmﬁngiﬁuuﬁu wisheszeivindlnaung seninausemeln griunaeuaynswUTin
nensugaunIng1dsimaves EL Nino At ulugraUsneg uTiesed uasduunadaves El
Nino saudswansgnuiiindu dewudn EL Nino udazwdndudinansenuiuussmelnaunnsitaiu
wena Nt fainuilsUsziurimeiinsugadesingniuaue A FeswesnIneinsalszezuiu (s
wensalsvey 1, 3, 6 weu 1ull vie 1 )
Tagagy Ussiiuddqifionsnaunuuasdnmsizesfoudsie
o anudlaludes Seasonal cycle Tninandadverlsthe safsduauvesrnuuiudeild
Tuns@nw
e Usingnsal EL Nino wagnanszvuainanmnsivaiieudu 1wy wnaeine wg

®  NSNYINTAUTTYLUIY WIBAR / UTTHNIINANTENUVDIN LA

IYINTNIUA 2

AT.NUNAT ASUUAINT naaTuansaumaninensin (esdnsumaw) wwluide “szuudoyanisnsiatn

ANULIALAY kaznSIgUselevl” Suadunaall

>

AdatayauAz)ToINALYIA (Www.thaiwater.net wag application e thaiwater) 13uneAslul
A.¢1.2012 g saidvinas g neidunssiusindeyasain 12 mieau 33 a Jagduiinng

v oy
¥ U a

FwnNteyanadu 37 mhenu lngsumnuideuasnauifiedsslevdlunisuimsdanisu &

e

v [

Toyanail
e Jayaun Y- uas
- USunaury g

- NSAINNNSAINY BE19TRY 3 U

v
°

- ADUATAISEAULN NSANRNITAISEAULN SR LY kavliau

o dayaatuayudinanunine NI U@ (anuv.) Useneusiey s seauin Weu Amnwi

(WnAuwazn1sgnesdAy Ynde) Nuiinasisads Wen1suimsdnnisi



>

o syuufinmudeuds iunsiaunailaglddeyaranisaliusedUaminndaiunuianudes

vosaunan
e Joyaanaiiieuiiiediuiouas wu aviliianssa anusuluay n1snsyefivey

o UsziRmnn13altviiu-uuas Aaws w.e. 2545 - 2561 Usenaumiey

° a

- UIUNSAANIYIIN-UNLAY

¥ '
A a

- iluiifisvauseivhudhuds

- Anudeng
N5 flood and drought Portal $33ru IWA, DHI, UN environment uaglanuain gef lnenis
Tddayaniiiunnee @a1unsndiundIuIn SPI, vegetation index (NDVI), evapotranspiration Way
soil water index (SWI) wagn13a1An13alsae CFS v.2 unismanisalsiegg 9 weu lagld 20

ensemble Tun1sAuiney waslvasninnaNuazdealiunniin

INYINTVIUA 3

RG] Lﬁﬁniﬂisgi ndinnuiaumelulageiniauasgiiansauna (GISTDA) leuluiide “ipTesile

o

K}

Ky

>

4 v

FAAMUBAILAY” SIUALLDUARIT

A3UsT Aefouds 3nn-tesvuralwuiy desdl indicator way index Ine indicator azu09#ith
USinaurly vdemuty fanunsavsdly wimndnadilunaiiazlunssnuse Wy nsenusenianens
Nuft flos videdenu Adowosanaslude index eiivieiidu single index waz multiple index A
N5t single index naefaUsgnaufuiielinadnsidudnouianens Yagusvasd wagiiudl

& o o . Y &, ] . ~ o
UBNINNUU Sdaﬂmﬁiﬂi‘ﬁuaﬂwmz compOS|te ﬂvaﬂ I@EJLﬂuﬂrﬁﬁ'}]lWN model, index Lag@nIuUnNTIIN

fofvesnislidoyantuiion / walulagoania Ae 1u systematic monitoring @1150UNEUNY
Sufindoyatiihuld Tnedeyaenia duidudeyaiifinnudeidendeiud Wudnngmsalieiiud
limezasituilafiuiivnils Snks Semmatrlugaseduiiaemiyuduediiiy muionnuesty
yuveefouds §edanudenlosiuanine1nia (weathen) giiannie (climate) waznanseny
Ranunsnglévia Forest, Land-use, Precision agricultural wawdus Wlugnismausuuimsdnnms B
Tninidu Tefdndrunisie %’agamuﬁaummiﬂﬁlﬁﬁgﬂ Global scale, regional scale uag local
scale

Tunsudtan / Usmsdanissouds Asddny 5M Ao deafinaulsile (monitoring) agnsasiiuasifu
YUV @w150n57950 (measuring) léininerls Yadldinfilnuudsanndes v mapping ¢ sauds
141 index kaguwuudtan (modeling) 1a s1e91unaziiluuimsdnng (managing) 191
muﬁaum%aﬂu{]wﬁu qamﬂﬁuiaﬂﬂizmm 500-1,000 nyl. Fi09N17 calibrate fudayaan
anmilnsataennaniaiiuiu aves GISTDA wagmhsnudu iy nsugnilesdine antuasaEune
nEWeNT (Aa.)

msupaazuAtABuds a8duannsg index iugiu Toyadoundsuaniiouturesinesuinai
dueensls udann-tosniwnfeddls Useifiunaoonuludeiuiniuilaunds-luiuds eehels

yonant nuseiiulianasly iy



® 15Uz udUNINN Y Vegetation Health Index (VHI) az4d un151d” multiple index
fiusznaudae Normal Differential Vegetation Index (NDVI), Vegetation Condition Index

[

(VCl), Land Surface Temperature (LST) ay Temperature Condition Index (TCl) HAaNS

Y R n:i - ° ] v
wlmazLLamﬂLUuwumLLazmmquLLiwLﬂmﬂJuﬂUWﬂjWﬁmmqumimQLLN‘u LLﬂ{]QJ,‘V"] L

INFTFIVUTTUI

o  N15USELUNITANETLLREVRINY M IANIIUUSUIUNSITUVDILAATNYNT T WHATNUN

lgnsdnassun msvausenuluiuiseld

v
U

e n13Uszifiu Crop water stress Lt ag AT BAvesivusazyiln Ldesanfiviuinng
novaueaUTINML anmuanden wasSouddldunnety
GISTDA fthiluiaswgia (117 doe sudends frilnn) uwihnsiesed tnelddoya u uil 15
fu1ms 2562 WU
o lanluifisuutoyaein lul 2559 wui furege visiuiifudsnnnd vusdeatuii
vaituiifiudsdosndnd 2562
o aihlUiinnzinisinizgndniuiuis wudn Tl 2559 Uszmelnedinnsugndnouiuds
tonilull 2562 Favnniivinamulaiinnmevdeifndoudesuuse Uiz Ugniaziin
Yaymuazlasuanuideme
N1511 index LAEANAYATNTA BN UITLATIZANY gross primary productivity (GPP) U89 % Wie

¥ [

Jeulssiunsiasundasgiiennia arsiidoyadoundsszezonlifunisiadsuuvasluudasy
suidsanuaionvesiiy uagmsldviluustasTde

Tnwaguuddsiiardnyfo laifl index falaftuanldnnedne dsdu n1sih index wianes Fasndnuysan
mssauiiu Ysgneuiunisgleyanasanivinisdeunas wdudeyatislunisdndula aunu uay

wAteymAauas

IngInsVIUa 4

a wa

IA.05.LET ANSITRE ngudnsiddeuudasniionnauasSeRdn uninerdesedn wuluide “anuuiud

melimavasunlasiionna” seazidendail

>

>

Update aanunisaiuwagliidaya IPCC AR 6 fiazwmaunslu 2021 sauddlianuiiuluSesdoyasiag
iimsivdsuntasegnannga

nsUszyuil Davos 2019 Wulfideasssuauniouluisasveinis monitoring 1A Fadagdunisd
| | I v o ! v a N’ v «

AU WVRNAN 11U 1ndunumasud1suin wazdn 5 Uiluduly 1Fosnnunlsusiues
UmzlavzdaudAgyeg1ain

v oA

nsdeastoyaifuFesiidfy Auldtaaude mslideuvesdoudsisafuvesusasmitea
wu deudoudavesnsuanieninel nsuvausenu wagnsudesiunasussmasisudy vinlins
doansgdsnumanmindoutazgiuusily Wumsuanadinruidnunndn

anun1sal Bl Nino U 2562 (Jamstec) dnausnanisiiviligamniiqedu Tl 2535-2536, 2541-

2502 wazgeanlud 2558-2559 FeTuil 28 e U 2559 nsugnilenineranaialifuslidesaon 46



peAgagea wenaNt $1uITea1aAres KNMI 53ydn break record vesgaumgdiainuduiniu
wansdislenianaziaegunginiougeantosiu

ady =

> flose ELNino & contribution fugamgiininnin 50% dwiu gumnififeursdanuduiusiy
drought Wusgnann M3l index lumsimsesidouaslinasld single index fognaiu nskd SPI
Faduimaslueghafnnyinsieneidouds dduduingundniadun Sehldaounsa
Aoudaqlusunss woiid ol SPEIunTiAs1e9 axla A wanedandnuuieudsdataunin
uenandl efszvisae SPEI3 Sulu seasonal index wudn ul 2562 YremguanAuiusunasly

v = a I3

oy F9a15vza0n15UgnT1Iund IWuAeaiunisiiasziaae model vos NCEP filsfuualify
Wity fe iWeunguniauduazanosning fafu msfearseudssluliinumsnsiadu
Soafidry

> dlevhnsiinsesidae Global drought risk map Fageq Hazard, Vulnerability wag Exposure Wui1
Tuwdved Hazard nie “fo” Usewelngldfmnudssdudouds ursefidamludes Vulnerability
uay Exposure BuiluFosesnsdnnis ssdannud wnu wnUfudsnen fhefigadediasgianu
desoonun Fmu eglussduiunansiann venani melesesisainnaldduasdueuas

11 (IPCC2018, ADB2016) WU agluszaulifiniguiu

3. 929N75LE2UN Lazgnay

Uszifiuil 1 aausinn guedaiug mnnsuvauszvn Wanuiilu§es

> evnliaiudoyaluofinfisifiuand 2559 esanlud 2558 Usinailudeudites Jelsioyanils
Ugnin Waslfiamandiienisgulnauilng mnagliifunmmsiiouifievidnauty sadudeya
037 2554 Aifimgdsemelng 5 gn Ui ludeusdiinnwedwiunsinunsd 2555 vl
2555 fnmmassmamnelgnifuiuiinianaisuazanane Tusenidsanie ievsslmilunsuims
Fanst

> Foauedmiuiuiivoniuavauszmny wagmgfiagiiUszinalng Fefluszifudonuisiinan
37.03.61U19 Fnlsas (moderator) uesasmuanunsalumsviuewglutiagiy

> Wisuidisudoyauasmstanstulssmedu iwu Fesuiatuaznisuimsdnmstuiledduiising

w9 Useimeamaitudinisuimsdanisedsls

ﬂ?WNLﬁUQWﬂaWSWﬂi

o sansias Ansfing Wianuiudl masnniswdsiuveaaliveia sxdwmanonigasiu

BUNAR

'
4

e as.ydud gue1Td Wdeyanisviuignigdn wuudiasdainvaie center ildagdagiu

Y 9

d

gelianunsavsvenszauiliinuazidunisvasnigls 1egluaunlvu waaunsavinela

¥

A3179 IddiTungind uiniedssninund uazadunuikiueyluyale

1% P

wineduil seasias ideyasewaumgiiinihnzenduiadeasunnusunsemg

=a

L

winadl Aresntladuwindaudusiumie

Y

—



o qs.unsal WiwsUsvys dhudeinsmeusunamedgnindudogUisanhdunuluustes T
Fanuitldendreg1sunuinisiniglgnuesd 2559 Hu Foenisdeliifudnigurauay
inwnInsnseminfadoudedimdniniu Jsaaniameugnas uslud 2562 Faflaundululd
og1aunfaziAndouds tnwasnsdeldldnsenindeaniunisalfsnasuinidn Sadnns
WIEUgNIIUWINNIN AIEmMAAING1I N1 GISTDA Falasuneunmnelidanuaniunisnl

nsnzdand1 Tnganiziuiivenwsnvalseniu

UsLiudl 2 57.95.811713 Talsas (Moderator) fifanuisasvaslsinaninluilsunesd 2562 Infiiieanensolyl

ALLAUININEINS

® asnunAs AsUUAINT TiAnuwiud aau. Jumbendawioudeya uilunisdndulases
msUdestihnndeunsenishitnedgn aulumiiivesaureunssunsuimsdanisi &
o Yagtumnuestoya wuin alivsnanihludeuiisaweiiazldliey urogrslsin anu

\doswoaymsouasiunnmeiululunsagiufuiy

o ausn gusaiug Wenufiudewesmsuimsdanisiludeuresnsurausynui

- dugdhweanisuimsdanind wu luguiidinszen Wedugaduasiimsdiseaily
dmunsgulnauilng Ussun mandndutiudy ssuudneine sufedestuaiu
LA UNEVDINVHANIINITHNEAT LLazLﬁ@l’?ﬁww%’uﬁaqﬁuqaﬂuﬁm TnesiuUseanas 6,790
GRIVIGITRTA

- yadeudosiinissuiiiiensgulnauilnauasyseuliodnaten 6 ieu sosasnie
tifleinunsuarinaingt Sumsimvesd 2562 faen1suimsdanisth a Jagtu &
ﬁﬂf’ﬂ%lﬁmwamaam‘n’am@,lﬁ’a (15 weuaa 2562) uanani lelianu fuianda
Foanng ldumsuagiianisvesny Tndudsiddguazdnduogranndmiunng
vimsTanisad sedBuds 1 osanlued e Kuw 1wy Tui udi ane
ne fuoanidsaniefifimeiadiumaanauas wusavnu audntivhu usuani

Tailapuasluluusuiundaiuals vseanzaad wiogale

o seasids Aniind Lieuiaaluies
- Ysmadud anvsgulnauslnavesUssrrvuludl ui uenivnudnsresussn
dugfina detlaguulviusnisléifies 15-20% whiu
- dgmenuinainnisiiniinig (Dead storage) wieifugns veadouguasail
14 sluarunduaiddly Difteane uaziaeianliud
- wanMITieTgiduinne Aeudreiuladinquanay 2562 duariios uazazunmiin
Tudanfeunsngiay ndsdUa v 2 winindwigiduinoudard ey
Fosuimslilddananansngian sndiuituiivenuneausemu Sausmsdnnisen
o s.nunal ASuunng Wiudetu neiad Tufufiuenuaraussniu ussiufudeyaludes
NansEMUYed EL Nino filé3udlagiiu dawaliudenniu Fanmsmamsaisuturesnsa
ondeouingiuazanituaisaunansweansu wurn luvradeufouisy
ey Tusenidsaviiovsdiuiinmiiios suanfueranuiunedudisis Susumsliiui

wensarauszmuldnsuimsdanisuigusu suwdnsdsesivesusavasusewdumdn



57.03.811713 a3U71 Tugwmthuaadd fuiluessalsemudianuivlaladnduiieme w
dwsuiiufivenaavadsynu Salulsziuiindnaey Jsaenndosiuynseuvedively

S04 vulnerability

Uszuil 3 33wy ynn1yey 91nnsunist1e lideyaisesimuinisvesnisdgndn Ysuanisldiuinlunis

wzdgndnn FaszaudiAty Ae ulsuieisennuynsuiugiveizuia Alagtuaunsadanislaluiuiuavayseny

Wesnnfidniieame Fadan1snisimizgnuazkandnle widmiutunsudadnununnni 70 % wagluwsasd

Te5unansenumasaiiionafondadu Jseennvennuiululsenunynswaugluiuiuiiruinasinniseenals

ALLAUININEINS

as.Unsal wiwsUszys Miruiussanisiidildaunnldin muil GISTDA Anmnudeya

Aananandeya gravity Adwiaddarnaniiientiu ddinsihuiladuinldldunnlundins

1913t 2015 Aarunsaldlaeg

Y

a ¢ 3 a [y v < ' .
IA.A5.4330 AUSUNANA NPaINTalumInede Tiaruiiudn Global drought risk

'
=~ °

map unseenlumauitam deiiusndwiuiufiunsaussruiu munguilignld
1 1 3 lugnifundng uet  Hagtu Tufufimadanulidgnuszann 2 l3rensounta iite
Fain fau FredesninvesSunaninga ludiuves vulnerability Ssdosiinnsususiuasdl
nfin1 dau exposure tu Foinisliamg Trarsugnldilug Usinauwinls uazesisls

Vnefianfein1sdnaunavens 3 map Usenauiuiiansandadedusiu wu s1a191n M3

deean-indn WenuaunszUgneely

IA.A9.LE3 ARG LHUMIBAULUIAATEY 5A.05.8930 NiouvielliAa1u5es time - lag 7
ADIN13HDNUKUNNTINIZYAN B9 3. Fuaw Tianudiuidneaunss Inedundaunse
gangulitagasdonay uwilgymdidyfe anuduiuvseiausssuhtvetnuning LUl
mnlimgdgnniouiu luugniindeauduazlianansadunsdiesls uenanil Galdaym
o & | v & A - : 2 A 2 <
Seslunuaiiluradindaziiuies uagduanvin Wvialugrniuifes Wudssiudym
ATFIEHRAV)

ANsINT dvzdaniug Wrnuwiuiesnsihdeyanvadfuiviglunisudteym wu n1s

)|

o fa & - = o A av Y v ¥ a a a
ANt I utiney farunede Inlddecddinran@suiay dlunnnszanenad

wszneunudeyaadifruresnsugnendnel (Usuia dumndi-uns nsnsgans) siud

Y 9

a -

nsidguidasgiiennia ieuSuudiiunisimzugnuasituilinzdgn

361.03.611719 Fnloas Wianuiiusasnisulasanuidnundu information saufudayanis

Wemans wslglunisunteym

Usziaudl 4 as.druu dueana Moderator fUszwiuosnsidniiadeyauazdemafivzdoarsiunalszeivu b

nszvIuMIvsenalnlunisdeans wieUstlevilunissuiteua Audes waznsassuiudouds

AUTILIININGINS

v
[ o '

As.nuNAS A3uUNNINT Iideyaves daw.iviiseenisimhqudundawin sauduaniinuns

¥ '
A a

warnthenussiudminfiguasesd welideyalunmlvgiiufiuiasaalusgnsls waz

18991 InTANUESIUIN-TB 8 LA Y



o asudud gueid liteyalasanisvesmiansugn deninet Anuinanunisiiueinie
aslufunAnsinums Ineviins simulation Msiwzdgnaneliiienls climate condition
T inaslviimanzan AmsinzUgniign Tnenssiassanmennasuiufoulyiiielily
MRS AUle MeLuUTIaed Alpha crop 983 FAO Faavsransannerneaswesiuiifiu
Asinuasnamnzugnluiiuiity wasg crop yield Tnfluegnls nadnsildazassiouliiu
IfisdsnaramnzaniiasUgnlufiuiduaiwioll sudsnrumnzauvesufiiung
nzUgn WU mnugniiedanann danifieugnld 15 Fu azdenasie crop yield og1als

Wingursoanas Wildgnsusuuiunmsmedgnuesiiviasugiandnsiely

® sSeAsLES ANT1TRY lnUsuiau
- UNUINVBINTENTINNIALNE TuLS 09U89INIIAIINUAT I ANUNUIEVDIAT LYY
Aoude Anuwirads Winas Whdulvlufiemafendu saudenalnnisinauveassas

Jminluisoaeanisdaviunuljuanisdenas NdedinnudAgiazined199399
Wt ldladunistefuimndmiadeshuasdunuuifnisdewd
- msbiuAdelunuitefidvsenuidedivhluiiuiifinevi3deuudadu Wunisiiy

1%

Joya A3 warAuwiug Jskimsdanisatuayuly

- nsaduayy young scientist i luTiunuimlunisviusiudu IPCC

1%

¢ & % A o v o '
® a3.UnTal LAYTUIZYT ANUITTAULTOI NMTATNANUATTNUNFIDINIAYIZA YUY Ieg4ls

gl servuiiuns suean miedfunindse / dnivnisues sruluteanudaules

fudeyavesUsvmaiioutiusiae Belunintu anudedouazsensu Aduiludnysziiuiivh

mMeonazdAgy

4. ¥29UANILEUN

37.05.81U713 Falsas Moderator ajufisfiunuazingUssatdvan1sdney wagdoas Seudydidnsindssyy

o

d1m5U Global Warming Forum asssald Naziluseswes slow onset §4iifinnan Paris Agreement Tuyusios

< &

Y2INSHINTUVDITEAUNZIAVS 0N Uae Global Warming Forum a3 3/2562 Tutisaned Masiduizes

Y04n15UTYN COP

Moderator NaIYBUAMINEINTNI 4 YN Uavdswialdfiliiuisns

a

ANANITI BUTEYS WENT SeuTay AT.0UA YIULLA Nouvesliseanliineins uaslauil Global Warming

Y

Forum A%t 1/2562



AANUIIYINTA

s X B -

i guo i

R I

e
N4
3

-y



[V
o a

-2 M39nUsEYN Global Warming Forum a3l 2/2562
“Talndlng aneldaruanasuisa”
FungiauRil 10 manAu wa. 2562 a1 13.00 - 16.00 w.

a nuafing 1 lssusunez glnea



AnuAN15LA% Global Warming Forum assii 2/2562
“faludlne nmeldanunnasunia”
TuwgWauAN 10 AaAN W.A. 2562 1aa1 13.00 - 16.00 U.

a (4
a nuafing 1 15eusunaz glndAa
Tne nIudaasuAmA NEwInGaN
AU

o

AuneuAMLNSUNTELESUAINEAIERT Id8uazuInngsy (anan.)

1330 - 13.45 . Wamsuszguuaziniutihiian Tag

HUNUINNTUALATUANANELINNDL Uag

AUNUANLNTIUNSTARESUINGIAERNS I98LaTUINNTTY

18NN INAY

13.45 - 15.00 4. @1 “dnlnsilne aveldanunnasuSa”
° Asfilnediunisuazlonalmivasineneldanunnasuia
Tny n3.figos doorannniy
50891313 dnruuleusRas LUV NEINSSTIUT ALar A andey
° wanizwumnm{!mmiﬁtﬁﬂ%uasm%"l (slow onset) wazuINIIAITANTUU

lny A3.9mNY Auana

NINAuASUAMAINEIWING DY

® UUNDINALBNYU: UNUN HaznN1IsALLUNNT

v
o a

Ty Anting Auuseiasy

°

Hennensdiinauimunegadady (SCG)
! [ AI v a A
¢ yunasvasAuiUlnifudwadoudigen
1y AMNNBANA WunEITUSUNS

unuenvuninsidlunsuseyn COP24 uagldnvadlasin1s “Dress a dream”

15.00 - 16.00 4.  sAUsIBRATRANUABUAINTIU

#5U uazlannsussyy

RUYLYAG
- 91
mMuuanisenldsunUaslaniuauvinyas



31899°1UNTUTTYN

AT
Ao Py,

13% Global Warming Forum ﬂ%ﬂ‘ﬁ 2/2562

“Ynlvdlne aeldanunnasunsa”

2\

o Fuwgiaudal 10 ganAu W.A. 2562 121 13.00 - 16.00 U,

4|2
=]
Uil

a 4
o nuafing 1 lseusuinaz glndAa

Tne nIndaasuAMATNEIwINGN

1Y

SAUNU  FUNUAMINITUNITANFTUINYIAIENS IFBWATUIANTTY (AnE1.)

1. Y25l
A3, DUIA VIULYA HOUILNTAUGITULALRNDUTUAUAWIAG O NTNdNATUAMNINEWINGON NaLTAIIY

lngnanivingUszasrvesnuiielilinnsdeasseninanialy lonvu uazneddns iiedleiuduinfounis

uAtleyAu climate change Tusefiu

NN 5A.05.3950Y NIANITHY s ueNHEaTaR A MEIT T d1UNUAMENTTINTE AT
Weeans Ieuaruinnssy Tiunannadaau “desnsyiuaug ndndulAiedifniwasdieiuujuRle

Jugusssu”

A5.9¥85Y1 USAENSYAS N1USNwIA1U climate change 910 Overseas Environmental Cooperation Center
(OECO) $unthiillu moderator na1REUSUINEINTIY 4 YIMUAINNIASE AAenTY wazduvuausulnl way

ST INYINTVUUTTEY

2. YMSE
a -
Ingnsvirui 1
A5.9AUU Audna MnnsudsasuAuAMALInden WAnensauwsn Tuide “wansgvuainusnisalitindu
981991 (slow onset) kazkuINIINITANLUY” Taeszydn TennasUrFaniinlu LAnann1stiteayaniewiu
Ienmans ulnseisdymuasiinausiuiieseniteseme lnewnnsafiionanssnuan climate
change @@ slow onset event (SOE) Juinni1salfisindudn udnfanisazauiiaduniuat ilugaay
goudeuazanudenne (loss and damage) lng SOE 7119150013 9 wwnsal siail

) MIiaTuYeIgunil

—_

2) MIEYLEEANUNAINTAIENINTINN
3)  MsideunosvessITIL

8 sedudmea

5)  NSAANELanse

6) msdeulnsuvesiiuiunazdilst

7) vuadunse

8) AMULAY



v '
SNA A

Tnglulseinalneifinanisiuasuudases SOE i NMsiudugnmil n1sgavuvesseaudmeia maditunvild
anas Wusu ngludszmalnglddndunisuily SOE Tunsdiuuds wu nsasienufivnduuunduvule
seiutmziageu (usdu usegrslsfimudmnnisus siliumeiuasvgmansed sufinseazidenddn

WU 5198z BuanISNTUYRIsEAUL e Yinlnnsdanisiluluagslifiuseansamvingaans

Snensvid 2

A5.NaINT d197N5 Q’Lmumﬂﬁwﬁfﬂamuiamauammw%wmﬂiﬁsimnal,l,as?mrmé’au usseeluade “Geil
Tngandunisuazlenalulveslnenislaninuanasisa” nande nmsiuaidunisnisannisuaseiigisey
nszanAuglufunsusudiiensasuuiasanimgiiennia laslamzAteasue ulasenles Jsazamly
UssEMeEe 100 3 Ussmalnedadulssmaiimdaimunisadasid1sauisasiolasioanuadnslonas
aansnannsUassfnmiFeunszanlas 20% egndlsfinu ilelvivnussmaiidiusilunsannisUdes fmiFou
ns¥an SufnAnuanaslaty Ineasiiussmealnglddnsnnuana dauasiidhmneannsudesinsdeu
nszanfesar 20 nelud a.a. 2030 daunundnvesnisannistass feSeunszan Ae nsldndseulid
Usgdnsnn uagnisannisvesdelilivassiremsveulaeenlanuaziinu meldlonmalmivesriunnasuiia
flgtinsatvayunuiiedanistutlymiiAedu 1wWu Green Climate Fund (GCP) TnsUsemelneinsudaada
A mdadendunisyszanunundnlumaneuniaudiunisiasuidasaningiiennia alagiud

115374 WU, MaUasuiasanngiionna wethludanisiutymanan

MYINTNIUA 3

o °

AmdIna AuUszEsy Horwlenisddnauiauieg1eddu (SCG) yuueinianiun1siudsundasanin

piiona 1Yagtuiinsintuvesgaumgininndi 1 °C anuvmefenisaiuauaauiildlimiy 2 °C Tngns

v
=1

SCG anunsnann1sUaeeiisaunszan 7.4 % 901U BAU Tul 2007 Tngdiliunisn
1) dindsgAnsamnislindanu
2) iunslindaumeauny wu biomass vezyury Wiy Inedundnmyudeudnduunldlwl (circular

economy)

Inegnsviruig 4

3 Q‘ a U QIJ ¥ “« ”»
ANWVEANA WunasUTUNS fMunuenvulaniunisuseyu COP24 wawtd1vadlasan1s “Dress the dream

Tnsdndedfeanunvie Wesnnideduinsesay 70 gniunienaveensligndes SenTeslmAnnisasne

wlavglidfagusy Ussansunszuidnuazyjifinu lnaausliauiunousesaugulndindunsziinfivds

o o

Tlaisanszergdes Wudosilunisieas dulumsdoansididadlamdadudosddy



AINUITYINIA

| o e

A moldanuonanhsa”




7]‘]'1' L ""ll’lFH]l FP’IF"l

anbng_a_rm_llg, ‘E.n;,nsup 21256
uﬁ'lln




AARNUIN

ANSIAUALLUNLAYHNBUTY



31 AMUANSHNBUTUAUURNTS ThaiFlux Workshop 2020
1599 “nsesiataniswanasuineaisuaulneanlentaslatnlagmainninuwlsusiu
FIUWUUNWIU (Eddy covariance technique, EC) Tuszuuiinnansinuasuagnled”

337I9TUN 16-18 WeAANBY 2563 (4 AMZNBATANENT UNINEIaELTel]



Tasamselneusudeufjianis ThaiFlux Workshop 2020
P o d o ¢ ¢ H a '
1399 MInsvianisuanasufingasuaulasenlyduazlaunlasmalinnnuuususausuwuunyuIy
(Eddy covariance technique, EC) TuszuuiinaanisinuasuazUald
NI 16-18 WHAIN1BU 2563

Al ANSINWASAERT UNNIN1aeLTealna

1. RENNITUASLARNE

fiiusnsAnwuagasanianisuisuaznisuaniudsuing CO, (carbon fluxes) wazlew (water
fluxes) 5¥11719U5581N7A (atmosphere) AUSEUVILIAUUUN (terrestrials ecosystem) kuUUE82817 (long-term
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Abstract

Concrete block infill walls, due to their high strength and stiffness, can significantly influ-
ence the seismic behavior of the frames. The infill walls can increase the overall lateral
frame strength and can also induce local failures in the surrounding frames. In general, if
local failure can be avoided, the presence of the infill walls can provide additional reserved
strength that can be beneficial to the frames. For this reason, a new RC frame with infill
walls could be designed as a bare frame without considering the increase in strength, but
measures must be taken to prevent local failures due to the infill wall-frame interaction.
However, this infill wall-frame interaction is very complex, and clear design strategies to
prevent local failures are not normally given in design codes. For this reason, two full-scale
intermediate RC moment-resisting frame specimens with infill concrete block walls were
tested under a horizontal cyclic load to study the infill wall-frame interaction. Finite ele-
ment analysis was carried out to evaluate the response particularly on the infill-frame inter-
actions. Based on the results, a design strategy to eliminate local failure in the surrounding
frame is suggested. The proposed method is based on local plastic mechanism analysis of
the column considering the variation in the column shear demand and column shear capac-
ity at different states of the response as the frame deforms. The shear demand depends on
the magnitude and direction of the bearing force from the infill wall. The column is consid-
ered as a captive or slender column depending on the restraint from the infill wall, thereby
affecting the shear capacity of the column. The proposed approach can be readily applied
without radically changing common design practices and design codes.
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1 Introduction

RC frames with concrete block, or concrete masonry unit, infill walls account for a large
portion of building stocks, particularly for low to medium-rise buildings. Based on past
studies and the observed responses of these buildings during earthquakes, it is well known
that the interactions between the frames and the infill walls can have significant effects
on the seismic response (Stafford 1962; Fiorato et al. 1970; Bertero and Brokken 1983;
Moghaddam and Dowling 1988; Paulay and Priestlay 1992; Saneinejad and Hobbs 1995;
Fardis and Panagiotakos 1997; Asteris 2003; Blasi et al. 2018), even though these infill
walls are generally considered as nonstructural elements. In general, the presence of infill
walls has both beneficial and adverse effects on the response of the frame. The infill walls
can increase the strength and stiffness of the frame, which contribute to higher seismic
resistance. The higher stiffness is responsible of a higher seismic demand (Asteris et al.
2015). However, the interaction between the infill wall and the frame can lead to undesir-
able failure modes. The irregular distributions of infill walls in plan or elevation can lead to
increased demands in the frame members and, in a severe case, can lead to collapse of the
entire building (Fardis et al. 1999; Nagare et al. 2015; Hashmi 2016; Kaushik et al. 2006;
Sattar and Liel 2016). In addition, brittle or shear failure of a column can also occur due to
the interaction between infill and surrounding frame because of the compressive diagonal
strut in the infill wall.

To date, a large number of experimental studies (Mehrabi et al. 1996; Al-Chaar et al.
2002; Zovkic et al. 2012; Srechai and Lukkunaprasit 2013; Schwarz et al. 2015; Basha and
Kaushik 2016; Su et al. 2017; Niyompanitpattana and Warnitchai 2017; Leeanansaksiri
et al. 2018; Luca et al. 2018; Yuen et al. 2018; Alwashali et al. 2019; Huang and Burton
2020) have been carried out with a wide range of frame and brick types, opening configura-
tions, and construction details. In general, the failure mechanisms of infilled RC frames can
be broadly classified into four failure modes (Huang and Burton 2020). These include: (1)
diagonal shear sliding of the infill and flexural hinging in the columns (SF); (2) diagonal
shear sliding and brittle shear failure in the columns (SS); (3) sliding followed by crushing
of the infill and flexural hinging in the columns (CF); and (4) sliding followed by crushing
of the infill and brittle shear failure in the columns (CS). One of the key failure modes is
the shear failure of the surrounding columns after sliding shear or corner crushing of the
infill wall. Tested results showed that this mode occurred in frames that were designed only
for gravity loads as well as the frames that were designed and detailed for seismic loads.
The column shear failure is a significant threshold because it can lead to a loss of the axial
load carrying capacity even at low drift levels (Burton and Deierlein, 2014).

To understand the effects of the infill-frame interaction, several studies including
both detailed Finite Element Analysis (FEA) and macro models have been carried out.
D’Ayala et al. (2009), Stavridis and Shing (2010), and Koutromanos et al. (2011) uti-
lized detailed FEA to investigate the behavior of the frames with infill walls. By com-
parison with the experimental results, the analytical model could accurately predict
the shear failure of columns. Milanesi et al. (2018) performed FEA simulation of RC
frames with autoclaved aerated concrete (AAC) infill wall to investigate the influence
of wall-frame interaction on the adjacent columns. The dramatic increase in the shear
demand in the columns, approximately 4 times, compared to those in the bare frame
could be observed. The applicability of the refined FEA in practical use is still limited
due to computationally intensive nature of the analysis. Moreover, the calibration of
several parameters is also required to achieve accurate results. Nevertheless, FEA serves
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as a valuable tool to understand the complex infill-wall frame interaction and predict the
shear demand in the columns. An extensive information on the mathematical modeling
of the masonry infilled frames can be found in Asteris et al. (2013) and Tarque et al.
(2015). These works reported a useful information including the approaches for mode-
ling RC frame, masonry wall as well as wall-frame interfaces. The material constitutive
model and practical recommendations are also suggested.

A number of studies evaluated the increased shear demand in the surrounding frame
through the analytical modeling approach (Fiore et al. 2012; Cavaleri and Trapani 2015;
Fiore et al. 2016; Maidiawati and Sanada 2017; Basha and Kaushik 2019a, b). Fiore et al.
(2012) proposed macro-model consist of two nonparallel struts for predicting both global
and local responses of masonry infilled frames. The position of the struts depended on the
infill wall aspect ratio. The proposed model correctly predicted both the bending moment
and shear force occurred in the surrounding frame compared with those from experimental
and FEA results. This model was also used by Fiore et al. (2016) to predict the brittle shear
collapse mechanisms in the RC buildings. Cavaleri and Trapani (2015) used elastic shell
elements and single concentric diagonal strut to capture the local and global responses
of infill frames. A wide range of both geometrical and mechanical characteristics of the
infilled frame system was considered. The relation between strut axial force and additional
shear demand in the surrounding frame caused by the infill wall was obtained based on a
comparison between different models. Subsequently, equations that can be used to estimate
the shear demand of the frame members as a fraction of the strut axial force were proposed.
Maidiawati and Sanada (2017) presented an analytical model to evaluate infill-frame inter-
action based on the diagonal compression strut concept. The strut force was distributed and
transferred over a given contact length between the infill wall and the frame. A similar con-
cept was adopted by Basha and Kaushik (2019a, b). The effect of the infill wall was simu-
lated by applying a uniformly distributed force over the contact length. The model could be
used to predicted both the global response and shear failure of the columns. Unfortunately,
all of the approaches mentioned above have not found their way into practical design codes
because nonlinear analyses or complicated calculations are still required.

For design purposes, this complex infill-frame interaction is treated differently in vari-
ous national building codes (Kaushik et al. 2006). In general, the code approaches for con-
sidering the infill walls fall into two categories: those that consider the infill wall-frame
interaction and those that do not. In certain cases, it is even recommended that the infill
walls or other secondary elements be isolated from the main frames, thereby eliminating
this interaction (Kaushik et al. 2006; NZS3101 2006). The codes in the first category rec-
ognize that the contribution of the infill walls in resisting the seismic loads can be signifi-
cant due to their high strength and stiffness. However, because of the brittle behavior, many
codes also require that the RC frame be designed independently to resist a certain percent-
age of the design seismic forces. Some codes (CEN 2004; ASCE41 2013) recommend that
the column be checked against a potential captive column mechanism that may occur at the
parts where the compression strut is in contact with the frame members near the top and
bottom ends. However, no guidelines are provided to explicitly address the variation in the
column shear demand beyond the initial state of the response. Since the infill-frame inter-
action is a complex issue, most of the codes can only provide broad requirements and do
not provide specific guidelines to assess the infill strength, the infill stiffness, and the infill-
frame interaction. In addition, the uncertainty in modelling parameters and irregular place-
ment of the infill walls present additional uncertainty in the design (Celarec et al. 2012;
Favvata et al. 2013; Kostinakis and Athanatopoulou 2019). For this reason, the inclusion of
infill walls during the design of new structures is still uncommon.
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One appealing approach for considering infill walls is preventing all the undesirable
failure modes induced by the wall-frame interaction while not considering the advan-
tages from the increase in strength and stiffness due to the infill wall presence (CEN 2004;
Suthasit and Warnitchai 2018). Based on this approach, infilled frames could be analyzed
and designed as if they were bare frames. Additional measures are then provided to coun-
teract the adverse effects of the infill walls. The merit of this approach is that it can be
readily applied without radically changing common design practices. However, the adverse
effects due to wall-frame interaction must be carefully considered.

This study aims to develop a design strategy to eliminate local failure in the surrounding
frame considering the variation in the column shear demand and column shear capacity at
different states of the response. Two full-scale intermediate RC moment-resisting frame
specimens with infill concrete block walls were tested under a horizontal cyclic load to
study the infill wall-frame interaction. Finite element analysis was carried out to evaluate
the response particularly on the infill-frame interactions. Based on the results, a design
strategy to prevent local failure in the surrounding frame is suggested.

2 Cyclic testing

Two full-scale test specimens were designed to represent the first story frame of a typical
low-rise 4-story commercial building commonly found in Thailand. They were designed
as Intermediate Moment Resisting RC Frames (IMRFs) following the Thai seismic design
code. The design requirements in the Thai code are similar to those of ACI318 (2005) with
minor adjustment. In the Thai code, round bars are allowed for shear reinforcement. The
requirement for the stirrup spacing beyond the plastic hinge regions are also slightly differ-
ent. The reinforcement details of the two specimens were varied slightly to study the influ-
ence of different parameters on the response of the frame. In both specimens, the concrete
block wall was selected as the infill wall. The infill walls were not considered as a part
of the lateral load-resisting elements during the design. Each test specimen consisted of
0.30%0.30 m columns 3.0 m high, and a 0.40%x0.20 m beam 4.0 m long. Concrete blocks
were laid along with tie columns based on typical details and local practices. The wall was
finally plastered with mortar. The final thickness of the walls, including the mortar plaster,
was maintained at approximately 10 cm. Material testing was conducted following ASTM
standards. In-situ strength of the plastered infill wall was assessed by removing prism spec-
imens from the undamaged portion of the wall after testing. The material properties are
given in Table 1. The details of the test specimens are shown in Fig. 1. The two specimens
were different primarily in terms of the compressive strength of the block wall and the
shear strength of the column as provided by the ties. These parameters were chosen to rep-
resent a large variation in frame and infill wall strength that can be found in real structures.
The infill wall of the specimen 1 was relatively stronger than that of the specimen 2.

The test specimens were braced in the out-of-plane direction by steel frames. Rollers
were provided between the RC frame and the steel frame to reduce the friction between
the frames. The frame was subjected to quasi-static loading using a hydraulic actuator. The
lateral load was applied at the beam centerline following a displacement-controlled loading
protocol. The lateral loading test was applied as indicated in Fig. 2. In addition to the lat-
eral load, vertical loads were also applied to the columns using hydraulic jacks to represent
the gravity loads. These axial loads were manually maintained at 350 kN during the test.
The test setup is shown in Fig. 3.
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Table 1 Material properties

Properties Specimen 1 Specimen 2
Yield strength of longitudinal bars of beam and column (MPa) 577.7 579.2
(DB16) (DB16)
Yield strength of transverse bars of column (MPa) 573.9 308.3
(DB10) (RB9)
Yield strength of transverse bars of beam (MPa) 302.4 308.3
(RBY) (RB9)
Compressive strength of concrete beam (MPa) 23.2 194
Compressive strength of concrete column (MPa) 19.6 19.5
Compressive strength of infill prism (with plaster) (MPa) 94 7.7
Modulus of elastic of infill prism (MPa) 7271 4877
Compressive strength of ties beam and column (MPa) 15.4 104
Compressive strength of bed joints (MPa) 15.4 10.6
Compressive strength of plaster (MPa) 12.5 11.6
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Fig. 1 Details of the test specimens

The specimens were instrumented with strain gauges and linear displacement trans-
ducers at preselected locations. In addition to the load and displacement values, key
readings included uniaxial strain values in the longitudinal bars and stirrups and strain
values in the infill wall. Rosette strain gauges arranged with angles of 0°, 45° and 90°
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Fig. 3 The description of the test specimens

to the horizontal plane were used to identify the magnitude and direction of principal
strains, as shown in Fig. 4.

2.1 Testresults

For the specimen 1, the test was carried out until failure occurred. The objective of the
first testing phase was to study the response of the structure and to assess the capacity
and the failure mode of the frame. The hysteretic loops of the specimen 1 are shown
in Fig. 5. The peak strength was 465 kN. The first diagonal crack in the infill wall was
observed at a drift of 0.50%. After the development of the diagonal crack in the wall,
the lateral load resistance began to decline. Corner crushing of the infill wall began
at 0.75% drift. Right after corner crushing failure, diagonal cracks began to form in
the upper corner of the column and eventually led to total shear failure of the column.
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Fig.5 The hysteretic loops of the specimen 1

Finally, the test was stopped at 1.50% drift. Some hairline cracks were observed at the
bases of the columns. Overall, the hysteretic loops were rather pinched, showing limited
energy dissipation capability even though ductile detailing was provided. In addition,
the results showed that the contribution of the infill wall to the overall strength was very
significant, as seen from the significant reduction in the lateral strength after the crush-
ing of the wall. Figure 6 shows the specimen 1 after the test.
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Fig.6 The specimen 1 after the
test
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Fig. 7 Close-up views of the specimen 1 at different drift levels
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Figure 7 shows close-up views of the upper-left hand portion of the specimen 1 at
different drift values. The failure of the column was concentrated within the region
approximately equal to the effective depth of the column (d) as measured from the joint
face. Principal compressive strain values were computed from the rosette strain gauges
attached on surface of the infill wall. Linear interpolation technique was then used to
generate the contour plots. The principal compressive strain distribution of specimen 1
at different drift levels are shown in Fig. 8. In the early stage of the test, high compres-
sive strains could be observed at the opposite sides of the upper and lower corners of the
infill wall, indicating the presence of the compression strut, as illustrated in Fig. 8a, b.
The high compressive strain values near the upper corner of the infill indicated that cor-
ner crushing could be expected. At 0.75% drift, the compressive strain values showed
that the compression strut directed away from the corner and more towards the upper
end of the column, as illustrated in Fig. 8c. This compression strut caused high shear
force near the upper end of the column.

The shear force in the column could be traced through the measured strain of the stir-
rups. The plot of the peak strain of each stirrup near the upper end of the columns at dif-
ferent drift values is shown in Figs. 9 and 10. In the beginning, the infill strut force was
directed at the corner, and the force was transferred directly to the beam-column joint.
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Fig. 11 The hysteretic loops of Lateral displacement [mm]
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Hence, all of the stirrups showed low strain values. Beyond the 0.75% drift, the strain val-
ues increased significantly, especially for the second strain gauge located at approximately
3/4d. This was consistent with the principal compressive strain pattern in the infill wall.
The rise of the strain was also consistent with the observed crack pattern in Fig. 7.

Figure 11 shows the hysteretic response of the specimen 2. Overall, the response is sim-
ilar to that of the specimen 1, showing high strength but limited energy dissipation and
ductility. The first diagonal crack in the infill wall was first observed at the drift of 0.50%.
Corner crushing of the infill wall began at 0.75% drift. Up until this point, the response was
similar to that of the specimen 1. However, the shear failure in the column did not imme-
diately follow, as in the specimen 1. In contrast, as the drift increased, the corner crushing
area at the upper corner of the infill wall began to widen and propagated downward. Shear
failure in the column eventually occurred, but it was delayed until the drift was 1.50%. Fig-
ure 12 shows the specimen 2 after the test.

Figure 13 shows close-up views of the upper-left hand portion of the specimen 2 at
different drift values. The diagonal crack in the column and the corner crushing of the
infill wall were observed at drifts of 0.50% and 0.75%, similar to those of the specimen 1.

Fig. 12 The specimen 2 after
the test
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Fig. 13 Close-up views of the specimen 2 at different drift levels
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[

The corner crushing area widened and propagated downward to approximately 3 times the
effective depth of the column (3d) measured from the joint face. At this level, due to the
lower amount of shear reinforcement in this region, diagonal shear cracks gradually devel-
oped until the test was finally stopped at a drift of 2.00%.

Figure 14 shows the contour of principal compressive strain values in the infill wall.
Overall, the contour showed the formation of diagonal struts as well as regions of high
principal compressive strain similar to those of the specimen 1. However, unlike the speci-
men 1, the region of peak principal strain location tended to shift downward as the gap due
to the corner crushing widened. This was consistent with the observed crack pattern and
shear failure of the column at the end of the test.

Figure 15 shows the curvature values computed from strain gauges attached to the lon-
gitudinal bars at different sections along the height of the left column. During the positive
drift cycles, the left column moved away from the infill wall with minimum interaction,
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Fig. 16 Peak stirrup strain of the right hand column of the specimen 2

thus showing a double curvature bending (Fig. 15a). During the negative drift cycles, the
bending of the columns was primarily restricted to the top ends of the columns especially
after the crushing of the infill wall as can be seen from the curvature plot in Fig. 15b. This
clearly indicates the behavior of a captive column at the gap opening. The inflection point
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Fig. 17 Peak stirrup strain of the left hand column of the specimen 2

near the upper end of the column gradually shifted downward as the gap due to the corner
crushing widened consistent with the observed response.

The measured strain values of the stirrups in the columns are shown in Figs. 16
and 17. The strain values of the first, upper, and two stirrups increased as the story
drift increased and became saturated at different drift values between 1.00 and 1.50%.
Beyond 1.50% drift, the strain values of the first two stirrup bars remained fairly con-
stant as the corner crushing gap continued to widen and progressed toward passing the
stirrups. At the drift of 2.00%, the corner crushing ceased, and the strain of the third
stirrup sharply increased beyond the yielding point.

In both specimens, the strut actions in the wall restricted the bending of the column to
only the upper portion of the column. The opening in the infill wall led to increasing shear
demand and ultimately to local column failure. The location of the failure depended on the
interplay between the increased shear demand and column shear capacity. The measured
strain pattern implied that for a frame with a relatively weak infill wall such as the speci-
men 2, the crushing of the infill wall tended to progress downward, creating a progressively
larger gap opening. This would continue until failure occurred. This was different from the
specimen 1: the strong infill wall pushed against the column after the initial gap forms and
restricted the bending of the column, resulting in immediate shear failure. In both cases,
this type of failure was generally not anticipated during the design since the infill walls
were normally not considered. However, this type of failure could lead to serious conse-
quences such as collapse. Therefore, accurate shear demand and column capacity predic-
tions can lead to better protection of this type of failure.

3 Finite element analysis
FEA was carried out to further evaluate the infilled-frame behavior, particularly to obtain

the response parameters that could not be obtained directly from the experiment. An RC
frame with an infill wall is a complex structural system involving both material nonlinearity
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and discontinuity between the wall and frame (Torrisi and Crisafu 2012). A number of
strategies have been proposed to model the RC frames with infill wall (Lourenco 1996;
Mehrabi and Shing 1997; Lourenco and Rots 1997; Oliveira and Lourenco 2004; Stavridis
and Shing 2010; Medeiros et al. 2013; Basili et al. 2016). In this study, a simplified micro
model consisting of masonry and interface elements was used. Due to the presence of the
plaster on each face of the wall, a lumped mechanical property involving both concrete
block and plaster was used for the masonry units. The material properties were obtained
from the prism tests. Tie beams and columns were also explicitly considered in the model.
For these tested specimens, the effect of mortar joints on the overall behavior was minimal
because the wall was fully plastered with strong mortar on both faces. Nevertheless, the
interfaces between the block units were utilized for capturing the micro cracking and slid-
ing of the mortar joints.

A 2-dimensional smeared crack model based on the simplified-micro modeling
approach was developed using the commercial FEA software DIANA (DIANA 2019). The
model configuration and meshes are shown in Fig. 18. For the RC frame and infill wall,
eight-node quadrilateral and six-node triangular isoparametric plane stress elements with
3% 3 and 4 integration points were used, respectively. For steel reinforcements in the RC
frame, bonded embedded reinforcement elements (disregarding the bond slip effect) were
used. The bottom edge of the footing was considered fully fixed. It should be noted that the
linear elastic material was used to model the concrete footing. Vertical uniform distributed
loads, similar in magnitude to those used in the tests, were applied to the top edge of the
columns. For the horizontal loading, a steel plate was explicitly modeled to distribute the
stress over the edge. The horizontal load was considered as monotonic incremental dis-
placement applied at the centerline of the beam. In the analysis, the vertical loads were
applied first before the horizontal incremental displacement commenced. Both material
and geometric nonlinearities were considered in this study.

3.1 Material model

An isotropic smeared crack model was used to simulate both concrete and masonry unit
made of concrete blocks with plaster. A total strain-based crack model with rotating crack

vertical load vertical load
steel plate m m

lateral load

interface element

interface element

brick element

fully restrain

Fig. 18 Model configuration and regular mesh
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Fig. 19 Material constitutive models; a concrete and infill wall (Sattar 2013); b interface element
(Lourenco and Rots 1997)

orientation was adopted (Sattar 2013). The uniaxial constitutive law based on a combina-
tion of linear and parabolic functions was used to define compression behavior. For the ten-
sile side, a linear function followed by an exponential degradation function was assumed
(Fig. 19a). The stress—strain behavior was defined by the modulus of elasticity of concrete,
compressive strength, and the compressive and tensile fracture energy. The modulus of
elasticity for concrete (E,) was estimated in accordance with ACI318 (2014), and that of
the infill wall (E,,) was obtained from the test. The compressive strength of concrete (f,)
and infill wall (f°,) were also derived from material tests. In the absence of test data, the
tensile strength of both concrete and infill wall (f°, and f°,,) were assumed to be 10% of
the corresponding compressive strength. The compressive fracture energy (G,) was first
estimated based on the equation recommended by Lourenco (2009), and the tensile fracture
energy (Gy) was determined according to the CEB-FIP model code 2010 (CEB-FIP 2010).
The value of compressive fracture energy was further adjusted to achieve acceptable simu-
lation results compared with the experimental results. Table 2 summarizes the values of
parameters assigned to the model for concrete and masonry unit.

The interface elements capable of capturing the key response proposed by Lourenco
and Rots (1997) were used. In DIANA, this element called Combined Cracking-Shear-
ing-Crushing is able to model tensile cracking, shear cracking, and compression failure
(Fig. 19b). The behavior of this element depends on several parameters, including normal
and shear stiffnesses (K,,, and K,), cohesion (C), friction and residual friction angles (¢
and ¢,), dilatancy angle (y), confining normal stress (c,), exponential degradation coef-
ficient (6), tensile strength (f,), tensile fracture energy (GJ{-), shear fracture energy (GJIf),
compressive strength (f.), compressive fracture energy (G,), shear traction control fac-
tor (C,), and equivalent plastic relative displacement (k,). In the absence of experimen-
tal data, the interface element was assumed to have similar basic mechanical properties to
those of the infill wall in this work. Some parameters were obtained from material tests.
Other parameters were estimated following the guidelines given by the model code and
from other related studies (Sattar 2013; Lourenco 2009; CEB-FIP 2010). The parameters
were adjusted to reflect the acceptable load displacement response and failure pattern com-
pared with those from experimental results. Table 3 summarizes the values of parameters
assigned to the model for the interface element.

For steel reinforcements, DIANA utilizes embedded reinforcement elements based on
the well-known Menegotto—Pinto model (DIANA 2019). Bond-slip of the reinforcement
is neglected in the model. Mechanical properties for the reinforcement were obtained from
material tests. A value of 0.01 was assumed for the strain-hardening in the model.
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Table 3 Parameters assigned to the FEA model for interface element
Parameters Specimen 1 Specimen 2
Wall-frame  Mortar joint ~ Wall-frame  Mortar joint
Normal stiffness (N/m?) 3.64x 10" 7.27%x10" 244x10"  4.88x10"
Shear stiffness (N/m?) 3.64x10'°  2.91x10" 244%10'°  1.95x10"
Cohesion (MPa) 0.0141 1.41 0.0115 1.155
Friction angle (°) 30 30 30 30
Residual friction angle (°) 25 25 25 25
Dilatancy angle (°) 0.3 0.3 0.3 0.3
Confining normal stress (MPa) —-0.94 —-0.94 - 0.77 - 0.77
Exponential degradation coefficient 2 2 2 2
Tensile strength (MPa) 0.0094 0.94 0.0077 0.77
Tensile fracture energy (N/m) 20 119 20 112
Shear fracture energy (N/m) 2000 2000 2000 2000
Compressive strength (MPa) 9.40 15.41 7.70 10.61
Compressive fracture energy (N/m) 6580 10,787 5390 7427
Shear traction control factor 1 1 1 1
Equivalent plastic relative displacement (m)  0.006 0.003 0.006 0.003
(a) Lateral displacement [mm] (b) Lateral displacement [mm]
0 14 28 42 56 70 0 14 28 42 56 70
600 1 | 1 | 1 | 1 | 600 1 | 1 | 1 1 1 1
5004 - 5004 L
g 400 5 E 4004 B
E 300 - B 3004 -
5 200- L § 200 .
. 100 - . 100 - FEA
- —FEA - - b -
iment (+ - riment
. X Eapeimen (0 | . B0 |
00 05 10 15 20 25 00 05 10 15 20 25
Drift [%] Drift [%]

Fig. 20 Load-displacement comparison between experiment and analysis: a specimen 1; b specimen 2

3.2 FEA results and discussion

In this section, the analytical results focusing on the key responses are presented. The
monotonic backbone curves from FEA are compared with the experimental backbone
curves in Fig. 20. For simplicity in comparison, the experimental envelope curves
from both positive and negative directions are plotted using the same axis. The pro-
posed model matched reasonably well with the experimental results considering the
complexed frame-infill wall interaction. The analytical results indicated that the speci-
mens reached their peak lateral load resistance at the same drift as the experimental
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envelope curve in the positive direction. However, larger differences can be observed
for the negative loading direction. Nevertheless, the peak lateral loads of specimens 1
and 2 obtained from the analysis are within approximately 10-15% of the ones obtained
experimentally. This was expected since the model was not calibrated to represent the
cyclic response and degradation. It was possible that the differences could be attrib-
uted to the influence of several factors, such as inherent variation of material properties,
geometry imperfection, shrinkage of interface mortar, bond-slip of reinforcement at key
locations, and, more importantly, the influence of cyclic loading.

Figure 21 shows the principal stress contour that occurred in the specimens at selected
states. Initially, the compressive stress increased along the diagonal strut line directed from
the loaded corner to the opposite one. At 0.25% drift, diagonal cracking began to form
in the wall sooner than observed in the test. After the lateral load resistance reached the
peak, the zone with high compressive stress started to migrate gradually downward from
the loaded corner. The finite element mesh showed that the stress distribution could be rep-
resented clearly as two compression struts one above and one below the diagonal line, as
depicted in Fig. 21b, c. The results also showed compression strut in the upper part of the
column where shear failure was observed in the test. This behavior is consistent with the
characteristics of short columns where strut and tie actions are predominant (Hwang and
Lee 2002; Moretti and Tassios 2007; Li and Hwang 2017).

To estimate the additional column’s shear demand exerted by the infill wall, the hori-
zontal stresses (o,,) that occurred in infill walls along the wall-frame interface are plotted
in Figs. 22 and 23. It can be seen that the stress distribution had a considerable variation
depending on the drift. Before the lateral load reached the peak (at 0.50% drift), the maxi-
mum stress was located at the top of the wall. After that, the stress concentration moved
downward. The stress above the peak point degraded due to the crushing failure. As indi-
cated in Figs. 22 and 23, the peak stress occurred below a distance d at 0.75% drift for
specimens 1 and 2. To estimate the horizontal force induced by the infill wall, numerical
integration of the stresses based on the trapezoidal rule was performed. Figure 24 shows
the resulting horizontal force at different drifts of both specimens. A normalized horizontal
force versus drift plot is also shown in the Fig. 24b. The peak horizontal force occurred at
the drift corresponding to the peak lateral resistance of the system. After the peak capacity
had been reached, the horizontal force considerably degraded, depending on the frame-
infill relative stiffness and drift. For specimen 1, a residual force of approximately 50-75%
of the peak was observed between 0.75 and 1.50% drifts. A similar reduction was also
found in specimen 2. A residual force of approximately 40-70% of the peak was found
depending on the level of response between 0.75 and 1.50% drift values.

4 Proposed design method

The test results in this study indicated that the wall-frame interaction can lead to an unde-
sirable response of the frame, even for frames with ductile detailing. This may be con-
trary to the general belief that the wall-frame interaction primarily affects existing nondu-
ctile frames and may be less important for newly designed frames that are designed based
on a modern code. The interaction is complex, and there is still a need for a transparent
approach to consider the wall-frame interaction in the design. As noted earlier, one appeal-
ing approach for considering infill walls is to eliminate all the undesirable failure modes
induced by the wall-frame interaction while not considering the advantages of the increase
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Fig. 24 Horizontal force versus drift in the wall: a horizontal forces, b normalized horizontal force

in strength and stiffness due to infill wall presence. Based on this approach, infilled frames
are first analyzed and designed as if they were bare frames. Additional measures are then
taken to prevent local failure modes that can be induced due to wall-frame interactions.
The following approach is proposed based on the observations from the tests carried out in
this study.

4.1 Infill wall-frame interaction design model

Based on the test results and finite element analysis in this study, the response of a frame
with a concrete block wall can be depicted as shown in Fig. 25. The initial response of the
system is characterized by high stiffness due to the combined resistance of the frame and
wall. An equivalent strut with an effective width of w normally represents the presence of
the infill wall, with the strut directing at the center of the beam to column joint (Fig. 25a)
(Niyompanitpattana and Warnitchai 2017). This truss action creates high stiffness in the
initial response of the system. The initial strut force is denoted by C;. This state represents
the peak lateral resistance of the entire system. Once the compressive force in the strut
reaches its crushing strength, a small gap forms between the wall and the upper-end region
of the column (Fig. 25b). At this point, the force in the diagonal strut is redistributed to
both sides of the original strut, conceptually creating two adjacent struts: one acting on the
column below the crushing zone and the other acting towards the beam. The magnitude
and the direction of the strut force continually changed. However, the magnitude could
be assumed as aC; where a is a reduction factor. The response after this point depends

(a)J L_/4 L Lale‘r]a[ (bj L_/4 L Lale;al (C)J L_/4 L Lale:]al
N La - Jil “

H, H, o, ; NENY

ar L 10 T ar . 10

Fig. 25 Conceptual models of the response of a frame with concrete block infill wall
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on the relative strength of the surrounding frame and that of the infill wall. As the drift
increases, for a relatively weak infill wall (strong column-weak infill such as in specimen
2), the crushing of the infill wall continues and propagates downward, creating a progres-
sively larger gap opening. This tends to continue as the drift increases until a mechanism
forms. On the other hand, for a relatively strong infill (such as specimen 1), the infill wall
pushes against the column after the initial gap forms and restricts the bending of the col-
umn, creating essentially a short or captive column. This results in a very high shear force
and ultimately leads to shear failure in the column.

4.2 Design model

For design purposes, it can be assumed that the flexural strength of the columns in the
frame has been determined based on a global frame analysis and that the flexural design
of the columns has been carried out. The columns are then checked for the adverse effect
from the presence of the infill wall. The proposed design approach is based on the plastic
mechanism analysis of an isolated column subjected to compressive force from the equiva-
lent strut after the initial gap due to crushing is formed. This is the state shown in Fig. 25c.
The initial gap is assumed to be equal to the effective depth of the column (d). This is
because, for opening gap less than d, shear or flexural failures in the column are unlikely.
As the drift increases, the crushing area becomes progressively larger, and two possible
mechanisms are shown in Fig. 26. The first mechanism (Fig. 26a) represents the strong
column-weak infill case where crushing of the infill continues downward as the frame
presses on to the infill wall until the yielding forms in the column. The shear demand of
the relatively weak infill case is defined as V,. The second mechanism (Fig. 26b) represents
shear demand of the case where the infill wall is relatively strong, creating a short captive

(b)

Fig. 26 Failure mechanisms of columns: a column-infill mechanism; b column mechanism

@ Springer



Bulletin of Earthquake Engineering 229

column (V,). Based on these failure mechanisms, the column shear demand can be calcu-
lated as:

2M, aC;cos0(H, —a)
V,= + (D)
H H

and
V,=—= 2)

where C; is the compressive strength of the infill wall equivalent strut, M, is the flexural
capacity of the column as limited by the plastic hinge capacity of the column or that of the
beams framing into the joint, a is the gap opening created by the crushing of the infill wall,
0 is the angle of infill diagonal strut, and «a is a reduction factor that relates the strength of
the infill wall to that of the initial undamaged infill wall. Based on FEA, the reduction fac-
tor varies between 0.4 and 0.7 depending on the level of response. The reduction factor is
0.7 in the beginning and the value reduces to 0.4 as (a/H,,) approaches 0.6. Of these two
mechanisms, the first is preferred as the response that is more ductile. Based on the plastic
analysis, the first mechanism occurs when V/, is less than V, or:

2M, aC;cos6(H,—a) 2M

p
+ < 3
H, H, T a )
or
a(aCicose)
——— <1 (4)
2M,

Similarly, the second mechanism occurs when V), is less than V,. The lower shear force
taken from these two possible mechanisms can be used to check the shear strength of the
column. Hence, for design purposes:

V, > Min(V,V,) 5)

where V, is the shear strength of the column.

For the case of a frame with a relatively strong infill wall, the shear force induced by the
compression strut can be very significant. The magnitude of this shear force varies depend-
ing on the dimension of the gap opening. On the capacity side, the shear strength of the
column V, may also vary depending on the dimension of the gap opening (a). For a small
gap opening, the shear strength is best represented by a strut and tie model. It has been
shown that for a short column, with the column height to the effective depth ratio (a/d)
less than approximately 4 (Moretti and Tassios 2007), the shear strength can be very much
different from that predicted by the beam or column shear equation. The shear strength
of the column, in this case, is limited by the strength of the compression strut. Therefore,
for a small gap opening, the shear strength of the column should be calculated using strut
and tie concepts. As the gap becomes progressively larger, the normal code-based column
shear strength equation can be applied. The design approach can be summarized depending
on the relative strength of the infill wall and the column (Eq. 4) and a/d ratio, as shown in
Fig. 27.
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Fig. 27 RC frames with concrete block infill wall failure mechanism

As shown in Fig. 27, the design of the column adjacent to an infill wall can be classi-
fied into 4 categories depending on the relative strength of the members (Eq. 4) and a/d.
In the first category (Type I), it is characterized by the column mechanism (Fig. 26b)
together with the strut-and-tie shear strength. The second category (Type II) is char-
acterized by the column mechanism together with the normal column shear strength.
The third category (Type III) is characterized by the column-infill mechanism (Fig. 26a)
together with the strut-and-tie shear strength. Finally, the last category (Type 1V) is
characterized by the column-infill mechanism together with the normal column shear
strength. For design purposes, the calculations of the infill wall strut force (C;) and col-
umn strut-and-tie shear strength (V,) can be performed using any rational method. To
date, several proposals have been made, each with its own set of assumptions and appli-
cability (Mainstone 1971; Paulay and Priestlay 1992; Crisafulli 1997; Papia et al. 2003;
Tucker 2007; Milanesi et al. 2018). The strut force, C;, is normally given as:

C; =f,wt, (6)

where w is the effective strut width, 7, is the infill wall thickness. The strut and tie shear
strength is normally given as (Zhang and Jirsa 1982; Hwang and Lee 2002; Li and Hwang
2017):

V, = Mf.A,,cos0 (7)

where 4 is the strut-and-tie numerical index depending on the amount of longitudinal bar
when the compression strut angle ¢ is greater than 45° and the amount of transverse bar
when the compression strut angle ¢ is less than 45°, A, is the area of the compression
strut, and ¢ is the angle that the compression strut makes with the horizontal plane. Finally,
for normal column shear strength, code-based formulas can be applied. In ACI318 (2014),
the shear strength comprises of the shear strength provided by the concrete and the shear
reinforcement. This shear strength is given by:
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vo—o017(14 D A\fb g B
n = Y 14‘Ag c fcw s (8)

or

V, =0294,\/fb,d ©)

where 4, is the modification factor in case of using lightweight concrete, b,, is the width of
the compression face of the member, N, is the normal axial force, Ag is the gross area of the
concrete section, A, is the area of shear reinforcement, 1, is the yield strength of transverse
reinforcement, and s is the center-to-center spacing of transverse reinforcement.

The demand and capacity calculations above allow one to check the adequacy of the
column and design the required shear reinforcement. The design approach can be sum-
marized in a flowchart as illustrated in Fig. 28. In essence, the width of the gap opening

Given frame geometries
and infill properties

L

Compute column and
infill strength M, & C,

J

Assume a
(start from /d) |

Change column strength
(Dimension,
Concrete strength,
Reinforcements)

Change a to
2d, 3d, 44, ...

Fig. 28 The flowchart of the design model
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(a) is assumed starting with the opening equal to the effective depth of the column
(d). The design begins by checking the mechanism type. The column-infill mechanism
types (Types III and IV) would be more desirable. This can be achieved by ensuring
that Eq. (4) is true. The demand and capacity of the infilled RC frames can then be
calculated by the appropriate infill strut force and column shear strength formulas. If
the shear demand is greater than the shear strength of the column, the column shear
strength can be adjusted by increasing the column size, concrete strength, amount of
stirrup, or yield strength of the stirrup. The process is repeated by varying the width of
the gap opening. The variation of the gap opening width should cover the entire column
height. It should be noted that the above process can also be used as a way to check an
existing column for retrofitting purposes. In this case, all four types of response shown
in Fig. 27 may occur. For new design, it is desirable that only Types III and IV would be
activated to ensure ductile behavior. Types I and II may also be used if they cannot be
avoided and the response and the ductility are deemed acceptable.

5 Summary and conclusions

The interaction between the frame and the infill walls can have significant effects on the
response of the structure, even though these infill walls are generally considered non-
structural elements. The interaction is complex, and there is still a need for a transpar-
ent approach to consider the wall-frame interaction in the design. To develop a design
approach based on the above concept, two full-scale intermediate RC moment-resist-
ing frames with infill concrete block walls were tested under horizontal cyclic loading
to study the infill wall-frame interaction. An additional FEA study was carried out to
obtain additional response parameters. The key findings from this study are as follows.

1. It was observed from the experiment that the strut actions in the wall restricted the
bending of the column to only the upper portion of the column. The opening due to
corner crushing in the infill wall led to a captive column resulting in increasing shear
demand and ultimately column failure. In general, the location of the failure can vary
depending on the interaction between the increased shear demand and varying column
shear capacity.

2. For a frame with a relatively strong infill, the initial gap forms in the infill wall due to
corner crushing following by an immediate column shear failure. On the other hand,
for a frame with a relatively weak infill, the crushing of the infill wall continues down-
ward, creating a progressively larger gap opening. This would continue until shear or
flexural failure of the columns occur. In both cases, the failure could lead to serious
consequences. Based on the FEA result, the magnitude and the direction of the strut
force could be estimated and used to design the column against the unexpected failure.

3. One appealing approach for considering infill walls is to eliminate all undesirable fail-
ure modes induced by wall-frame interactions while not considering the advantages of
the beneficial increase in strength and stiffness due to infill wall presence. The infilled
frames could be analyzed and designed as if they were bare frames. The columns are
then checked for the adverse effect from the presence of the infill wall. To this end, a
practical design approach based on the above concept was developed. The proposed
method is based on the plastic mechanism analysis to eliminate local failure in the sur-

@ Springer



Bulletin of Earthquake Engineering 233

rounding frame. The method considers both the variation in the column shear demand
and column shear capacity at different states of the response. The approach can be read-
ily incorporated without radically changing common design practices and design codes.

Although the preceding conclusions were based on a set of frame and infill parameters
investigated in this study, the results strongly indicated that infill wall effects could be con-
sidered in a rational and practical manner to ensure ductile frame behavior. Nevertheless,
it is well known that the infill wall strength and stiffness can vary greatly depending on
masonry type as well as local construction practices. Similar research should also be car-
ried out for other types of infill materials and construction details prior to applying the
proposed method.
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