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Abstract

Project Code: RDG6230018

Project Title: Analysis of Ancient Structures by Finite Element Method

Investigators: Amorn Pimanmas', Rangsan Wongjeeraphat', Chakrapan Tuakta', Preeda Chaimahawan’
Kasetsart University", University of Phayao”

Email address:  amorn.pi@ku.th

Project Duration: 18 months

The objectives of this project are to evaluate and to determine the weak point of ancient
structures, located in Sukhothai and Si Thep Historical Parks, subjected to various types of load, such as
self-weight, wind, and earthquake loads, by using finite element method (FEM). The study also proposes
repairing and strengthening methods of the selected ancient structures, which are located in the southern
part of northern region. From site visit of Sukhothai Historical Park and Si Satchanalai Historical Park, it was
found that the material of the historical structures can be defined in two major categories, which are
laterite with plaster covering the surface and brick with plaster covering the surface. The structural system
of pagodas is load bearing wall system with opening inside. Most of them are ruined and collapsed. The
erosion of laterite over time due to rainfall are found. The pagodas are also deteriorated over time by
moisture retention from moss and lichens. Most of the ancient structures that are not collapsed have
local damages, such as the broken tip of the pagoda, spalling and degradation of the plaster cover.
However, some of the ancient remains have been retrofitted and restored in the past. This may cause the
materials and structures to be different from the original construction.

In this study, Mahathat pagoda, selected as the representation of Sukhothai Historical Park, was
modeled by using FEM analysis with laterite and masonry as the construction materials. The result shows
that under wind load based on DPT1311-50 standard, tensile stress in the banana bud of the main
pagoda is higher than the allowable tensile strength of the material. Under earthquake load according to
DPT 1303-57 standard, it was found that Mahathat pagoda can withstand compressive stress, but will be
damaged by the tensile stress at the banana bud. In addition, damage due tensile stress was also found
at the terrace that supports the bell-shaped part of the pagoda, and at all four surrounding prangs.

Prang Ruesi Monument, an ancient structure in Sri Thep Historical Park in Phetchabun Province,
was selected as representation and modeled with FEM. Based on the analysis, the damage under
earthquake load will occur at the lintel beam above the entrance of the prang. The tensile stress is quite
high in this member due to the high gravity load transferred from above, and being a weak point due to
an opening. Therefore, the damage will occur due to earthquake, although the structure has low
slenderness ratio and is located in a region with low ground acceleration.

The results of the FEM analysis of Mahathat pagoda after being strengthened with fiber reinforced
polymer (FRP) indicated that tensile stress in the banana bud of the pagoda is reduced under both wind
load and earthquake load cases. The tensile stress in the four surrounding prangs, which are strengthened
with ferro cement on their surfaces that are connected to the base, are also reduced under earthquake
load. The stress in all parts of Mahathat pagoda is lower than the allowable stress after strengthening with
FRP and ferro cement. However, in case of Prang Ruesi Monument, which has high level of tensile stress
at the lintel beam, coating the doorframe and the soffit of the lintel beam with either strengthening

materials cannot reduce the tensile stress possibly due to the low stiffness of ferro cement and FRP



systems. Therefore, the effectiveness of installing steel beams and columns to form a framing system
inside the structure was also investigated, and it was found that tensile stress at the lintel beam can be
reduced by this method. Note that, when selecting strengthening or repair system for ancient structures, it
is crucial to consider the physical and chemical compatibilities between strengthening materials and

original materials, and the effects on the appearance of the structures.

Keywords: Finite element, Ancient remains, Pagoda, Seismic, Strengthening
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Fig. 2. Elevation, section and plan of Huzhu Pagoda.

Stress contours of 6= (N/mm?)
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Fig. 6. (a) 3D section of physical model. Numerical models: (b) model 1: (¢) Fig. 8. Z component of o .. (elevation, section and plane) - Dead load +
model 2; (d) model 2 leaning. F.e.m. model: 30163 elements, 51454 nodes.

horizontal 0.05g - Tensionless base.
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gluiy USHalndgiufmumiaetafduIniign 91w 2 nau 11vNITIATIEAIe
o a ! < a o a I
Tuwunlszianvesiu nudindudsenn D (MgazBeanisduunyszinvvesivegiy
AIANUIN N)

2 4
U U A a o

® [, Ap ANFUUSEANDEMSUTUAY Ul N1A9LaRe d1rsuArun1sdu 0.2 Ul (F,) 910

[y

A1919 1.4-2 AU NEK.1301/1302-61 HANANAU F, =1.44

® 5 Ao duUTEAVSEIUSUTUAY B NAUARE dnSUAIUNITEY 1 AUT 31nR15199

1.4-2 93 18W.1301/1302-61 Siawvindu F, =2.33 fauandlunisnsd 4
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AN519% 3.3 AduUSEaNSE N

(%
[

SUTUAU 2

" Y
a o

fiflenAs F, (flan ues.1301/1302-61)

UsLaAnUes ANTImE VAL AUNA T LK UALlNTULTIgan TR 50N
Fupiu fiau 0.2 Fundi (g)
S:<0.25 Ss=0.5 S.=0.75 S.=1.0 S>1.25
A 0.8 0.8 0.8 0.8 0.8
B 1.0 1.0 1.0 1.0 1.0
C 1.2 1.2 1.1 1.0 1.0
D 1.6 1.4 1.2 1.1 1.0
E 2.5 1.7 1.2 0.9 0.9
F Fudufewihmsinnginsnevauswesiudunsaly U

(%
[

1%
Y

197l 3.4 AduUszAnSamTutuRy  Aigierans F, (7 uen.1301/1302-61)
UszLAnve9 ANNLSImeUALB I sAUNA Suve uHUAL N TUSIgIEA TN 5aIN
Fupiu fiau 0.2 3l (g)
$1<0.1 $:=0.2 $:=0.3 S.=0.4 S>0.5

A 0.8 0.8 0.8 0.8 0.8
B 1.0 1.0 1.0 1.0 1.0
C 1.7 1.6 1.5 1.4 1.3
D 2.4 2.0 1.8 1.6 1.5
E 3.5 3.2 2.8 2.4 2.4
F Sududeshnisianginisnevauswesiudunseals U

1 ! a o a Y a a A
®  ANANNULIINBUAUDWTIAUNAUNAIUNITAU 0.2 U NONY

o

Y

JUAN

4
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HOINNAVDITUAY

TI981AT Sy = F,S. =1.44x0.449g = 0.647g AHINA1NTUAINULT VDA UANIMIN

ANUTULTIEIEANATUNISIARYY 2,500 U

® A1AULTINBUANRLTEUNANNAUNTTAY 1.0 FTUW NQNUTULNLTDIINHAYRITUAY

Y

NF9DIANS Sy = F,S, =2.33x0.117g = 0.273¢g

®  AANULTINBVAUBNTIANASUAMSURBNLUUTAVINAUSERUBHUAULIRTA1UNTS ARG

1,000 ¥ v3eiiainugussiaasluatuiinvesunudulniniaiunisndu 2,500 U a1unse

AUIALlARN

2
3

Sps = [fj Sus = [%) x0.647g = 0.431g
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Sp1 = (%jle = (%) x0.273g =0.182g

® QiU Sp; <Spg  WisthunadaUnasuNanauauasdnsuNIesnwuUlngISNarans

leisagui 3.7

0.50
0.45
0.40
0.35

\

0.30 \
\
4

==4@==Design (1,000 years)
== Evaluate (225years)

Sa(g) 0.25

0.20

0.15 \
0.10
0.05

000 T T T T Tﬁ

0.0 2.0 4.0 6.0 8.0 10.0
time (sec)

JUN 3.7 alnasunaneuauesniumalieseilasaialagBwammans duvsunud

gnaiidgluvie Janinaluvie

agnalsimunsaUnaSuNanaUALRINY N8KN.1301/1302-61 Wunsivdmsunisesnwuy
91A15tal syAuAINULSINIATUNISNaUYTELI 1,000 U lamaiiauduaulv (n3e wenlunddn
wHuAul 1,000 U)
Fanndoan1susziliunundaunswetoImsiiufineasnuIuIuLEY wnsgIunsulesidnig
o A a a ) < %
Laziailas N15UTELULALRBNWUUETUANMUIUAILTLTIVBIBIATANY (HEK.1303-57) By nlian
AR UALlInINNTIMEUNASUNAROUAUBINY K. 1301/1302-61 wdalieenTamnils Aegud
3.8 uaraunis (1) uaz (2) Jadusziuanugunssiivualidenndesiuniunisndudiuseann 225
| = A vo a I 1 Al vy v v 4 1 a 9./5 1
U Wpsannermsitasunisuseiiudusiasin Akilaeanwuulvaiunsasmumustuaulmlinas
' Ao o v a v ! ' a ) Y o w ] My a & P
wsn gausimawuniuntesnitenastu snfssysuugidmduviionnsindle 8naenansd
a o I\ a g v & I a )
AMULEBNEAINANNNITIUlUAINNTaan wsswRuAuluIn Tl duLsswnufulnIsEauAIY

Uaoadetuiugiu
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g{{l [S‘a )

&,
EE

B
Sy /B / s =50
A5 1 =

B “ BT

lna

=

ANULTINDUAHDNBITN

NN TN

1

SXI B 1

048y

AIMIUM3

Y

T, T, 1.0
MUMIFY (um)

5UN 3.8 awnasuraneuauasdmIunsUsEiiulagaanLUUETIMAS

9 1o, 1303-57
Sxs = 0.5Spg (3-1)
Sx1 =0.55p; (3-2)

do  sps  suAmmSwmevauandiaUnasudmsunIsesnuuuinun1san0.2 Jund (g)

Spy Hupuswevaussdeanasudmsuniseeniuufintunsdul 3w (g)
WumnussmevausadsaiUnesudmsunisussidiusazreanuuuasudsiinnuns
§10.2 3l (g)
WumussmevausadsaUnasudmdunisussiiunareonuuuasumdsiinnunng
dul 3wt (o)

Ts =Sx1/Sxs

i '
v A

Faluauideatuiladenusacudulninerunisiiag 225 U ielidaonndasdulandn
neas1alaglulaAdafanswauAuluIAwsnsn nsINaEUNRSUAINSUNISUSEIULATLESUAaIN LY

dwsuitui e.leslevie 2.4luve wanslugui 3.7 wWuiu
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3.1.1.4  Aweszuuvinassinludedwudnieldussay
N13AIULSIAYN THRIUNINTFIUNITATUIALIIAN UAZNITNBUAUDIVDIDIATT
(une. 1311-50) nsulesndnisuadaiion nsznsrsunmialng Jen1sAiuinussauldlddsnisaiuam
Lssauadafiouwin Tnedinsetsing Ssanunsavinlased

PUBLSIAUNNTLYINUUNURIN18UINVDIDIAT IUAANI9AY d@1U150AUIlAa1Nn
p=1,4C,C,C, (3-3)

Wo  p Wundisuseanadaiiauin (equivalent static wind pressure) ns¥¥infeaIniy
HuiIneuen lagliendn “miheuwseiu” dfmdvniiuib v5e “mieusiga” ondl
ieaeanaNNUR?

o ANUTZNIUANAIAYTDILIIEN AIUAITNT 3.5

A15199 3.5 AIUTENOUAMNEIAYUDILTIAN

o ANUSENDUANNEIAUVDILLTIAY
U5LNANUAIAVDIDIAT — 0 o o = Sy >
? ANNMEINAAIUMST ANNMEINAAIUNIT IFIU
Uoe 0.8 0.75
Unh 1.0 0.75
410 1.15 0.75
genn 1.15 0.75
dmsuaRginumse dedndiauddyasnn lden 1, - 1.15
q MieusIand19duilesnnauisiau (reference velocity pressure) aun5afILI
Tea1n
q%pvQ (3-0)
do ¢ fewanle fmhedu Ssurensauns
P AUNUILULUTBINIa01NA @sdalasUszunanyingu 1.25 Alansu (W1a) fe

anuAnes) dniuanuduusTeIAUnELay gamvgivesa niAUsEun 15 9
\Wwalgya 09 45 sty

g NI NINUDIINNWIILUNDI9ve9tan TAWINAY 9.806 1./ U2
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<l

AuSIand1ds Smheduunsioiund anuiraudieds Aeaanauitauadsly
9291281 1 42l fiaauge 10 wesoniuiu luaningiuszimalds (open
exposure) @1UAIULIAINAU (return period) 50T (Vsg)
dmdudaingloiveglungudl 1 V=25 wasdeiund

oV :%x 1.25x252 =390.6 IAUABAIIUNUAT

¢,  AUsznaulilesnan mgiuseine (exposure factor) WUSLUAHUAINAIINEIRN
fufukaran ngduseme ven. 1311-50 ladmuadl ¢, dmsuisnisedadny 63
WaARSlUMITIN 3.6 UIDATUIUANANNTT (3-5) Wag (3-6)

a = a | A v Yy A a Py Y
anInQUUIENALUY A L‘UuamwguﬂszL%ﬁLLUUT@W@M@’]ﬂﬁ Aulal nI0dIUgNATI NTEINNTEDEY

o Y =] < a y
g1 iU v3e WuuSnaeiameia

C, = (%]02 (3-5)

‘:4' ' = a ° o ad ' '
A3 3.6 AUTENDULLBIIINANMALUTEWA (C,) AUTUIENI1TDYNNE

mmqqmﬂﬁuﬁu annniussimnAwuy A anmniiussimAwuy B
galshiiu 6 1ums 0.90 0.70

gy 6 lwes uelalliy 10 wns 1.00 0.70

gy 10 wng uiliiiy 20 wWas 1.15 0.82

gaiiu 20 wng usliiiiy 30 wng 1.25 0.92

gy 30 wng uiliiy 40 wWns 1.32 1.00

gy 40 wns usliiiiy 60 wng 1.43 1.13

gy 60 wng uiliiiiy 80 wns 1.52 1.24

a I3 a a a & dddayw | | = a
ﬁﬂ’]WQﬂJﬂizL‘WﬂLLUU B LﬂuamwgmﬂizL‘I/lmLUU“UmLaJEN Mﬁ@WUV]W@J@ubLmWZyJVUWLLuu HIDUILIRY

Audnanafiesvwiadn Tidwanen ¢, anaunis
5 0.3
C, = 0.7[—) (3-6)

min ¢, Aewialaain (3-3) dartesnin 0.7 Amvualildan ¢, =0.7

[ a

Feluiegraandinumsdugiivssinanuy B

Y
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> 0.3
C,=0.7=| =0.332%3
12

C, Asznaullosainuanisnselunveday (gust effect factor) Anualvda1winay

C, =2.0 Tunsesnuuulassadenandiuniuussay snviy Uiewaziiunslilden
Cy=2.35
C, =2.5 lun1seanuuulassadiesasuaznteniausnains (cladding) Nflvwinién

(US£UNUIUIAVBINTINAN)

Felusheguandinumvisig Wulassadamdnsumiuussay €, = 2.0

C, ANAUUITANSURINUNELIRUTINTZYINN18UBNDIATS (external pressure coefficient)

4

[y

UIUNTIUD991A5 AVN9aY Uay anvuzn1SWUTUABUYRIRIINSIANATY

2,

YD
Y
A1E991A1S ANdUUTEANDYRIMUIBLTIAY NNTLNIN1YUBNBIATT AINSUNIT

DONLUUNIIIN18UBNDIANT Lazseuulassas1avanveaand

AE:
D

S

a Q‘ ! o U d‘d ! ¥ H
UUTLEANTVDINUILLIIAUNYUBN AMMIVDINTTNUAIUGINBAIIUNIN [—j

WnNdmTewiriv 1 (D, AeAunineuALAUER) LagdAl11gew1984 (reference height) 11nN37

2 1

23 wns mduUszansvemieusianldnugun 3.9
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Xi=lh
Ge==l0
Y W 'YW & ':-,:='U:\
FmsuHD <1 HH
. - [ 'y I
AmsuiD 21 Ca==10
i
— 2 =€ H > Co=07
32 £ = = 4
— & = = — L i &+ § & F
e = g
.2 B g ¥ >
| = = =1 - - —» .3 23
] = — . _." =2, .
2 S A ) —] 01D
Pt = F
— %o — - R :
= > S 020 |<—
|_> — B
au — ‘ — -2 =~ |: .
1 o 1 Al ﬂ“> =
— = — - Qo O e b T
J oo I
— e —> E-F-he (p* ==1.5
— w2 —» SRR =R S
L 2 E = _-E§-E+ 010" |~
(=R oo
- 2F 3 N - T 5
- = 5 I T .
- s 8 R L - =07
| le E ",-P: N y " L ¥ L
55 o= — >
— = £ = >
I ] Il
— —» » -
5] - - D
1
+ i N
v U ¥ 4 ¥
EUMUWW@@’]U%N‘U@Q@’W’W EU@’]UU‘U‘U@Q@’]@W?

o

JUN 3.9 Ardudsgavsvesmhieusead (C, wag ;) dmivenmsiiianugunnnitanuniaadl

GNGREIISITeEll

dMSUFIREN9ARS InUMITI

AuRUaN C, =0.8

puvineay C, =-0.5

HANSATLIANLSRUNTEEMTUNITIATIENARS TIANMSINNTEAUAINEIRTIT UARIAINITI
- ' v Y o a a6 A = a =
1 3.7 lngn1sdouen Toduanuduaunsyyiniuaddluiianiminwuinny x wileafianiase?

\W99971nNaN l9ANN1SATEYINtUD NAFMI9TlAt NN
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A15197 3.7 HANNSANWILSIANATTAMSUAATIZI

ATIEINTHUAY AUAUAY RINTEIRH
(TdunenTamIns) (Idiuronsnuuns)
gunu Ly 10 wng 503 -314
gy 10 1n3 wilaiiiu 20 s 586 -367
FUAY 20 RS wakihiu 30 Wns 662 -414
FUAY 30 RS wakihiu 40 Lwns 722 -451
gy 40 wns usliiiiy 60 wWns 815 -510
gaiin 60 s usildiiiy 80 1S 889 -556

20.000 (m)

JUN 3.10 wuuiasailedafawavesusiay

3.1.2 HAN1TAATIEN

3.1.2.1 gUnuumsduluveaaid

sUuuumsdulmvesnuuiiansinunsg uazmudsssumialy 6 subuuusn nsdllisiuna
yosiiusessuligIu uansisgud 3.11 fe 3.16 wazANARsTINALANITINNT 3.8 eiuinard

55TUNANLY aenadeIiuNaNITIATIEIvReNITevee $99ManT19138 AT.UAT JIlsau

A.A3. DUT WUTUUA LATANE UINYATANENS LAZ UNTLYT




M15°991 3.8 JUKUUNTAULIILAZAIANUDSTTNNATeITANMIEA)

suuuumsdulin PWASTINTR (1B39)
1 e Y 3.83
2 $ifN19 X 4.05
3 A9 X 6.15
4 AAN1g X 6.36
5 AN Y 6.57
6 NFN19 X 6.66
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JUN 3.11 JUsuUnsdulymag 1 Anudsssuwd 3.83 18504 (ARuNmULWILAY Y)
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SUN 3.12 JULUUNsaulmaf 2 AUBsTTNYA 4.05 18509 (ARBUNMIULILAL X)

Y

JUN 3.13 sUuuunsdulmei 3 anudsssuwf 6.15 85ad (nRsuinukuILny X)
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JUN 3.14 JULUUN5dulmN 4 AnudsssuyA 6.36 183509 (ARuNmULLILAY X)

JUN 3.15 JURUUNSEUlmIN 5 ANUDSITNYIA 6.57 180D (ARDUNMULWILAL Y)
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JUN 3.16 JULUUNTEULMIN 6 ANUDSITUYIA 6.66 180T (ARBUNAULLILAY X)

1 4 4
3.1.2.2 wiagusaiiavuneladnindaies
91NNTBATIEANGANTTUNTA8UIIN8TULATIAF14RIINUIMTNFANBT NUTINUIBUTIDA
1 = dl a é’ a0 1 a 1 1 v v 1 = L o/ !
WAzl sRaaniinty TAlifuAviieusdnusedy wasniiousshslsedevesianne lng

WILLNUIBUIITAFEA 0.20 Mpa indu o USalagiu usngudnaiuaid Andusesas 4.0

v v [ J o [ '

° = a & v & a1 v 1
VDNNANDAVDIIFNND a']ﬁ'iUﬂu’JEJLLﬁQT@QQQq@ 0.01 Mpa AnLUUSREAY 5 ‘U\'illﬂ']uaﬁlll’]ﬂQULWIUlllll

9

[

HYFA

2

d‘ 1 d‘ a g ¥ ’6’ U U
A1519% 3.9 wheussiindunglaundnges

MNUUIIDNFIER MNP
o da NUIYLTION Sovazves NUIBUTIAY HORREARY
FAUITILAR i . v o o o o
MR MAONgEn MR MAsRagEn
(Mpa) (%) (Mpa) (%)
LRgUIEEIY -0.16 3.2 0.01 5.0
LAgUTIA (P1-P4) -0.20 4.0 0.01 5.0
LRETI8 (S1-54) -0.13 2.6 0.01 5.0
Aanansgiu -0.20 4.0 . .
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Te+04 (mm)

(n) 9160 (v) 5UsR
SUfl 3.17 mhsussdngeaniitnnigldimiindaies (Mpa)
3.1.2.3 mirsuseiiiatuneldususuiulvg
densaaeunihsusadauasmieussfgeaaiiiniunnnsdssusensesiniosann
uelufulyn 1 wen.1301/1302-61 Aanunisiiesn 225 T Taeliusauduiulmnsevirlufianimi
WIMNY X 100% wagnsevhiieseinlauniung Y 3n 30% musuuziilunasgiunsilesiniswey
Hadles eon 1301/1302-61) wazdleawTeuifiulunsdliussusiufulmnszyiniuuny Y 100%
sruffuunu X 8n 30% wuinAnminussitesnit JsssnuranTinTginuLuun X Wy
iy TneynnisTuusHuALley en.1303-57 wasdwidnussyndaies 3 2 nsdl léun
YANTIMUSIA 1 1.1D+1.0E
YANTIIUSIT 2 0.9D+1.0E
do oL udhwieinussnnaned
E Wuusauruduln

ISP

a 6 1 a6 L3 a A Y 1 Y
NANTTIATIENNUIN UaN8tang oAU Ies 1UINITIAADUAIEIEN 24 1. ‘VI‘H’JEJLLi\‘i@G’IiJﬂ']EjQ?jG’I

RN |

LY =

0.18 Mpa uaz 0.14 Mpa ﬁw%’wmmasammﬁ 1 uaz 2 aa1ay dAeenimiienTIaUszas
Y93 (5.0 Mpa) Anludesay 3-4 w U%Lamﬁaﬂaﬂqgﬁu ﬁagﬂ‘ﬁ 3,18 Tngsuntsdus Amiae
wsadndsliifuAmineussioonl

WUMIBUIIPEIGR 0.24-0.31 Mpa 111 2 YAN937MUss U3laiseniadtd vilaudousiniafe
Usgs1u Seidnwasdugiudeny Amduiesar 155 uonniudr mheussdsluafdusedina 4
ANEe 0.24 Mpa FaAunimhousiaszdedesas 120 druduniadug niswssddiAuanfieoy
% fagudt 19 Fauandlidiuimnidamanisalusiuiulmiu Bousiisossuesdasdeidudnune

nentaguiasianSIURdudumiunsn wazauuniien1sIvhvenandusedn 4
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A15199 3.10 MIELSIAARTUNETALTIEURAW7

YANTTTINLI 1.1DL+1.0E

YANTTTINLIN 0.9DL+1.0E

e aa YUY S ORREAGN PUIYLS SouazUDY
AL UINENR aa X o o @ o a X o w ¢
NN YU maqamqaqm NLAAYU ﬂﬂﬁﬂﬂﬂ@ﬂ?j(ﬂ
(Mpa) (%) (Mpa) (%)
WRRSUTEEIU 0.31 (73) 154.5 0.31 (7a) 155.5
WASUI9A (P1-P4) 0.24 (549) 119.5 0.24 (79) 120.5
WAGIY (S1-54) -0.08 (8m) 2.7 -0.06 (8) 1.2
NaNanegIu -0.06 (&) 12 -0.04 (9n) 0.8

3
U

.03, BNT NUTUNA WAZAME

U

=
]

7.5e+03

(n) A"8UBN

1e+04 (mm)

3.18 viheusgegaiiinielaussunuiulng (Mpa)
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0 Se+03 1e+04 (mm)
— T ]
2.5e+03 7.5e+03
(v) Usn

Y

JUN 3.18 nizgusganiiianielausasuauln (Mpa) (se)

q

2e+04 (mm)

JUN 3.19 nsindeuiigeaanieliusausuauln

.03, BNT NUTUNA WAZAME UINYATANENS LAZ UNTLYT



68

. g X
3.1.2.4 MU8LSNNATUNTAKTIaY

PINNITAATIEANAVDILTIANAIN UEH.1311-50 TUAANIAIUULUILAY X LNEITANINLAED

a e 1 !

WUl NsiedouiiasanuateafdiAiniu 11 Tadwes desniinisiniousinntsawnumulng

£

Uszanas 2 1 Mieusesngegaiiniufiusnneeniafdesdusssu Ja1gedn 0.49 Mpa Aadude

av 9.8 deliifsmmieussdngegauesianie (3UN 3.20) luveiniisusdsgegainTuiusianegen

whdosAUsEau Tnedlingegn 0.48 Mpa weUssanuioay 240 veniisuswsneeaulivesianne

WAASDIANULENNENILNATUNEBALIRY WUREINUNT VBTN UALLMNLEeneNeanang

A ¥ (3 a6 dl o 1 d‘ 1 a ! ! = tﬂl % 1 U U dl
LL@BL?@US’]@IW@QV’]W@S IH‘UQJZVW]’]LLWU\‘IBU"”] launimiisussianeeuliguiu YNE‘U‘V] 3.21

AN5197 3.11 NS IARTUN8THLLSIaU

MNUUIIDAFIER NUIBUTINY
o da NUILUIION FORBRARY NUIBUTIAY FORREARN
FUNRUITLAR ) R i o o
NAnTU RGNRIGNGT NAnTY MaRgagn
(Mpa) (%) (Mpa) (%)
WAGUSESIU (M) -0.49 9.8 0.48 240.0
LWREUTI (P1-P4) -0.26 5.2 0.04 20.0
LRETY (51-54) -0.21 7.0 0.04 20.0
Aanansgu -0.26 5.2 0.04 20.0

2e+04 (mm)

Se+03

(n) AR (v) 5Udim
JUN 3.20 miheusadnasaniiminglauwssay (Mpa)

9
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2e+04 (mm) 2e+04 (mm)
| EEEEEa——

(n) AR (1) 5Udim
JUN 3.21 mirgusaisasaniianieliusay (Mpa)
3.2 uuudnaadivludeduudluiunangulseifaansasnn a.wesysel
° o & A va ¢ A (Y (Y LA & Aa !
dmfuiiuiigneudseiaansasinn Jandnmysysal Wuiuinuand1saingneuy

UseTamansglovis mevinanaaiuanseiy wenainduaigusiswenandnlasudvinaainfalzni

'
o }%

5197 w3efaUrven Faduvinluzunsnased danuvegaa fenand 1,000 U sednvugainy

6

Ia ~ ] Sedo v’ o 1 o o a O vy ¢ A
JuLsIvBLKuRUlnINiuIngY WaAdAlHTumedvdmiunsimseiluasell ldenUsiAn® o
AeeguaniosasimniufinmieUssunn 2 nu. Wllesnniluefgivssendnunivesgneu
UseTamansasinnegnatnau aelunads dussaanunsadiluliusedls nefiuideladnisdina

Audeyaegaziden ieadaduwuudiansduun 9903803 structural form motion (SFM) iy

3.2.1 wuamenisaianasiasnziusienngne

Usidgrefidnvazidungulusaaaiu dundhlunsdiufiaaziueen Usiamusssnud
wadntemedgliaoyudeguugiuniuas fisuAimdsuiuinvnianuniie 6.95 Wns AE)
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1.de? Max
1.2e7
0.9:6
B.1ed
6.2e6
44e6
2.6e6
7.7e5
-1.1ef
-2.9eb Min

JUT 4.4 funiavesmiisusedsgegaluandnelausmuniendiniseasuig

M15°99 4.1 mblgusageaaiiinduluafdnegliusauniendnlasunisetumas

NUIYUTION SouazURININIDN NUIBUTIAY S0UATVDINIAIAY
(MPa) (%) (MPa) (%)
LAgUIEEIU (M) 0.2 4.0 0.07 35
WASUTIA (P1-P4) -0.22 4.4 0.1 50
LAgT1e (S1-54) -0.17 5.7 0.08 40
Aanansgiu -0.26 5.2 0.04 20
WioslsFiuus 2.2 12.2 0.65 0.3
woawesiasuEuly -16.4 410 13.56 2.1
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[
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PRI GHEL NI
YANTIINWSY 1.1DL+1.0E YANNTTINWTI 0.9DL+1.0E
MuvtisiliAn MNUUIIFIN JoUarveInIae | MIELIIgeEn JouarveInIag
(MPa) (%) (MPa) (%)
23AUT 1A 0.02 (5i4) 10 0.02 (9) 10
N9k 0.128 (5i9) 64 0.11 (7l9) 55
nelupsdusned 0.04 (719) 20 0.04 () 20
U -0.36 () 12 -0.3 (90) 10
waslsuud 1.75 (79) 0.9 1.5 (49) 0.75

(N) YATINUTIN 1 () YATINUSIN 2
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' Ada & o A o w ¢ ¢ v a & 2 9 w
4.2.2 BUELIITNAVUAIENRAINTITHETUNIA909AUT AN BNITAARSLATIAANATEY
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SUMMARY OF TEST RESULTS [wiinfivesey  wodus Ui
nquanedl 8L s idinssinn il Bdase
szdulanuay wns whvihlifu 0 wrssnfody  |dwdiiesaadey Wi vida
DEPTH SAMPLE | GROUP ATTERBERG'S LIMITS McC. UNCORFINED POCKET o PT |1 TORVANE SHEAR TEST ksc. DIRECT GRAIN SIZE ANALYSIS
COMPRESSIVE PENETROMETER TEST | WEIGHT
{m.) TYPE SYMBOL (%) % STRENGTH ksc, ks tim’ | Blowsf | | IM SITU VANE SHEAR TEST ksc. SHEAR TEST ksc. (% Finer)
FORM | TO No. LL. PL. P, o |asz | w Jue | ¥ [ na.]| Fs RS, st [ cmsey | @ )| noa | No. 200
o 1.5 PA
15 | 195 | ssoi |OLorML| 3408 | 2636 | 772 | 2150 075 | 038 | 187 7 8514 | 7028
3 345 | S502 L 2889 | 1937 | 952 | 2510 200 4 100 | 8888
a4 495 5503 CL-ML 26.84 2045 636 23.50 211 & 100 488
6 545 | 5504 L 3925 | 2128 | 1797 | 2570 | 106 | 053 | 025 | o013 | 194 7 100 | 9068
75 795 5508 cL LYRa 2774 2003 26,40 228 114 1.38 0.69 221 22 100 9764
E 945 | 5506 L 4111 | 2183 | 1928 | 2120 | 376 | 188 | 163 | OBl | 205 19 97.24 | B552
105 | 1095 | s507 o 3237 | 2183 | 1054 | 2070 | 350 | 175 219 2 100 | 8468
12 | 1245 | sso8 oL 2188 | 1898 | 89 | 2150 206 2 100 | 6025
135 1395 55-09 SM MNP 17.00 194 24 9992 261
15 | 1565 | 5510 S NP 2040 202 19 100 | 2016
16.5 14.95 5511 ) MNP 21.00 1.74 23 100 29.04
18 | 1845 | 5512 | SPSM NP 19.10 208 2 100 1168
195 | 1995 | 5512 sC 26.08 { 17.15 ] 893 | 19.90 201 19 100 | 4656
21 2145 5514 ) MNP 22.00 201 18 100 33,54
225 | 2295 | 5515 M HP 19.30 201 16 100 19.65
24 | 2445 | 5516 SM MNP 22,60 1.97 5 982 | 2409
255 | 2595 | 5517 SM NP 1850 204 21 9907 | 2122
27 | 285 | ss-18 SM MNP 16,50 201 34 9844 | 1928
285 | 2895 | 5519 M HP 19.00 182 a2 100 | 2242
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SAMPLE TYPE No.
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2l ANNEn  [pnavun| 2836 | anudu | ST (ade/ve) s, ¢ do | d. | d/N, d/s, [ManeLve
{u.) di(y) |washu| wan Ni {eu/m5.40.)
1 | 150 | 195 | o045 Clay loose 7 4.64 - o| 05| o0.000] 0.097
2 | 195 | 345 1.50 Clay loose 4 2.65 - o| 15| o0.000] o0.566
3 | 345 | 495 1.50 Clay loose 6 3.98 - o| 15| 0000 0377
4 | 495 | 645 1.50 Clay loose 7 4.64 - o| 15| o000 0323
5 | 645 | 7.95 1.50 Clay | Medium 18.5 1226 | - o| 15| o000 o0.122
6 | 795 | 945 1.50 Clay | Medium 17 1126 | - 0| 15| 0000 0133
7 | 945 |1095| 150 Clay | Medium 21 1391 | - o| 15| o.000] o0.108
g |1095]|1245| 1.50 Clay | Medium 17.5 1159 | - o| 15| 0.000] 0.129
g [1245]1395| 1.50 Sand | Medium 19.5 - -| 15 o| 0.077] 0.000
10 1395|1545 1.50 sand | Medium 17 - -| 15 o| 0.088] 0.000
11 1545|1695 1.50 sand | Medium 19 - -| 15 0| 0.079] 0.000
12 1695|1845 1.50 sand | Medium 17 - -| 15 0| 0.088] 0.000
13 [ 1845|1995 150 Sand | Medium 18.5 - -| 15 o| 0.081] 0.000
14 1995|2145 1.50 sand | Medium 16.5 - -| 15 0| 0.091] 0.000
15 [2145]2295| 1.50 sand | Medium 15.5 - -| 15 o| 0.097] 0.000
16 | 2295|2445 150 Sand Stiff 30 - -| 15 o| 0.050] 0.000
17 [ 2445|2595 1.50 Sand | Medium 18 - -| 15 0| 0.083] 0.000
18 [2595|2745| 1.50 Sand Stiff 24.5 - -| 15 o| 0.061] 0.000
19 [2745]|2895| 1.50 Sand Stiff 315 - -| 15 0| 0.048] 0.000
571 16,5 11 0.8 1.9
— dg .,
Negp = W 1957 a%o/al Tised) salg) .
D 0.000 0.173 Design Response Spectrum Curve
=1 Vi 0.084 0.431 0.50
_ d, 0.422 0.431 0.45
Sy E 4. 578 Ka 0.600 0.303 0.40
> 0.800 0.227 )
is1 Su 1.000 0.182 035
ssandiusu D 1.250 0.146 0.30
a.lliavglavie A8 luvi 1.500 0.121 Sa(g) 0.25
Ss= 0449 g 2.000 0.091 020
S1= 0.117 g 0.15
Fa= 1441 0.10
Fv= 2332
Sus =F..S. 0.647 g 0.05
Sy =F.51 0.273 g 0.00
S, =(2/3)5 0431 g 0.0 0.5 1.0 1.5 2.0
S5, =(2/3)5.; 0182 ¢ Sp:<5es Period, T (sec)

SUN . 3 M3TuunUsEMAUMqUINE 0.81997 8.dlesdluviy 1.qluvy
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GUMUITRI 1. 5 6.1Munse alfiasgTa vy 2.4 Tawe

2t ANURA AN | wia | Anudu | SPT (Asa/Ha) S, of di| d. | d/N, d/s, [vumue
(3. di(3) |uadiu| 1WAl Ni (fu/@s5.31.)
1 | 1.50 | 1.85 0.45 Clay | Medium 18.5 12.26 0| 0.45 0.000] 0.037
2 [ 195 | 3.45 1.50 Clay | Medium 18 11.93 0| 1.5/ 0000 0.126
3 [ 345 | 485 1.50 Clay | Medium 16.5 10.93 o/ 1.5/ 0.000| 0.137
4 | 495 | 6.45 1.50 Clay | Medium 20.5 13.58 0] 1.5 0.000| 0.110
5 | 6.45 | 7.95 1.50 Clay | Medium 16.5 10.93 o/ 1.5/ 0.000| 0.137
6 | 795 | 9.45 1.50 Clay | Medium 17.5 11.59 0| 1.5/ 0.000] 0.129
7 | 945 |1095| 1.50 sand | Medium 16.5 - 1.5 0| 0.091] 0.000
8 [1095]12.45] 1.50 Sand | Medium 19.5 - 1.5 0] 0.077] 0.000
9 [1245]13.95]| 1.50 Clay | Medium 23 15.24 o/ 1.5 o0.000] 0.098
10 | 13.95[1545| 150 Clay | Medium 24.5 16.23 0] 1.5 0.000] 0.092
11 | 1545 [16.95| 1.50 Clay Stiff 33 21.86 ol 1.5/ c.oo0] 0.069
12 | 16.95|1845| 150 Clay | Medium 23.5 15.57 0] 1.5 0.000] 0.096
13 | 18.45 [19.95| 1.50 clay | Medium 18 11.93 o/ 1.5 cogo] 0126
14 | 19.95[21.45| 150 Clay Stiff 28.5 18.88 0| 1.5 0.000] 0.079
15 | 21.45 [22.95| 150 clay | Medium 27 17.89 o/ 1.5 0.000] 0.084
57 3] 185 02 1.3
— dS — e
Nen = 55— = 1788 afya| Tisec) sa(g) )
3 Nl 0.000 0173 Design Response Spectrum
=17 d 0.084 0.431 Curve
—_ d, _ 0.422 0.431 0.5
u & a. 136.94 kPa 0.600 0.303
Z S 0.800 0.227 0.4
i=1 " 1.000 0.182
Usuantiugu D 1.250 0.146 03
a.daagTavia 3.§Tae 1.500 0.121 sa (g)
Ss= 0449 g 2.000 0.091 0.2
Sl= 0117 g
Fa= 1.441 0.1
Fv= 2332
Spis =Fa.5, 0647 g 0.0
Sy =F,.S, 0273 g 00 05 1.0 15 20
Sos =(2/3)Sys 0431 g Period, T (sec)
Sm =(2/3)Sn  0.182 g Su1<Sns
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4 | 345 ]| 495 1.50 Clay Stiff 55.5 3677 | -| o] 1.5] 0000 0.041
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