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ABSTRACT

Calculation for pile load bearing capacity is the most importance process of safety and
cost effective foundation design. Pile load bearing capacity by daily used empirical formula is
still having high errors. So the artificial neural network (ANN) is considered as the effective tool
to predict pile load bearing capacity in Bangkok clay, to reduce this error value. This research
was done by gathering 162 data of dynamic load test results on Bangkok clay, which covers pile
load capacity of 25-339 tons/pile. By considering pile driving formula, 6 variable, that are pile
length, cross section area, pile weight, hammer weight, drop length and settlement, was selected
as input variable. Then, trained and tested data were computed through MATLAB with feed-
forward, back-propagation process and Levenberg-Marquardt Algorithm Trainlm, leamning
function. Research results show that the most effective ANN model allowing MAPE value
equals 12.07% which is lower than calculated value by using pile driving formuia. So it must be

useful for engineers to ensure ultimate bearing capacity of designed pile.
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. Ao @ A o A ~ [~ F
Strain Transducer H91UU 2 @7 INDIAUUINNMTAROUNVD AT NINUTZNOVAIY
v a Vet ' N 5 £ 4
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4 P
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® PDA Machine (Pile Driving Analyzer)
11U Microcomputer1%1ums5udyamves Stain uazn11ns s lua111910 Strain
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1600Hz o THnilen hitimsnlasudynna awsili 2.6




19

PILE PAMNG AtALYIER

31]‘?1 2.6 uamqﬂnmf Pile Driving Analyzer (PDA)

® Hammer Strike
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2.6.2.2 ¥HAVRIN I NATBY

=

4 a Iy a <&
ﬂ15ﬂﬂﬁﬂﬂllﬂﬂ“ﬁﬂ1ﬁﬁitﬁuﬂ'li'ﬂﬂﬁ?)llﬂlmﬂﬂi$ﬂ~3ﬂﬂﬁﬂ~1ﬂ15ﬂ5$muﬂ\31uﬂ1§

Q
¥
s

wihminussyaa iy ms‘ims1zﬁw1ﬂa1nﬁuﬁu€s:ﬁi1u{mﬁnmsv;nmswmﬁ:;
(Load Settlement Curve), N15ATTIWHUIVUTUTUANIUAD (Skin  friction  resistance
distribution ), usaﬁ'mmuﬁﬂmﬂﬁu (Top resistance), mmaugﬁﬁmmmmﬁu (Pile integrity)
dmsuimduaenannsani 11y 2 dhywe Ao Initial Driving Monitoring 1102 Restrike Test
augilii 2.8

® [Initial Driving Monitoring sflumimammmzﬁﬁmﬁﬂamﬁwfm U5 3R
IR (U5IDAUAZITIAY), Blow Count, aMINANYITUIDIANYY, ANME W0l
M Mo U ISHRI0TF Case Method aisaAsITOUNAL AN TUNA
azAsIveINITABNIT Y dwmsumsnaaeunuuiiszi limiwdeyasn 1ded
AU smﬁaf]mﬁuﬂtyn1ﬁi):nﬁﬂﬁuﬁmmﬁniusfsznmiﬂaﬂ Mldanse

<] W Y 8V 4 aa = q,: a
ﬂ'J‘U?PJQTL!ﬂﬂﬂlﬁ“ﬂilclﬂ‘lﬂﬂ]n‘\lﬂﬂ'lﬂu@] 'Jﬁfniﬁﬂﬂ@ﬂ’lllzih’l 2.8

A A0 Y o o Y £ A

® Restrike Test l‘f]Uﬂ15°ﬂﬂﬁi)‘U'ﬂhlﬂﬂﬂ\iﬂ']ﬁﬂﬂﬂt'duilllvlﬂ!ﬂa‘)ﬁE,’Ug’,l.)ﬁﬂ‘iu3LW?J
o R o @ w o” as = ’ - Ao ar @ 3’ o
W]u1ﬂﬂQﬂﬁNi'lJuTﬁuﬂ‘UiSnﬂﬂlﬂdlﬁ’lﬁllﬁﬁ?infﬂﬂi%@ miﬂmlnmn‘mai‘uu 1IMUnN

< 121 o <
UIINNVD A NIVVISINUYUAIY Soil  set—up ﬂ?aszazna‘nmammaﬂmmm

1 ¥ .
[ ' < o e e = act a o T
ITUTIIATIAINANIWVUDYNUANHUSUATAMANVAVDIAU 'J‘ﬁﬂﬁﬂﬂﬂﬂ?ﬂllg‘ilﬂ 2.8

Initial Driving Test Restrike Test

gﬂﬁ 2.8 uﬂmgﬂ;mnmiwﬂﬁammu Initial Driving Monitoringcttaeti1j1) Restrike Test



21

2.6.2.3 MIINIBAMINOUNIINATDY

s o w 2 a& A o
lumsnageuuuUNArNEATNUIAUTUADN 1A UVLITADITANUUVIULTINDNVLS Y

Y ¥ ar a a ' v 1} ' 9 :’ u
usenszunn 1@ inanduiinnuuansessgnounas msnaaonlasilassduiimiin

@ <1 S a a @ @ < a
ATTUNAVAANTY D1992n0 I nanNudsmsd v nauin1d3sdealinisasaaouanin
LY <3 g A o @ < ' PR 0 ar 9 ¥
Wiy vunsaidmiuawuaenvina kg o1svz 14duuunalng msdeanu il
uduiannudowizniminageuoitld laomaiani oy Pile Cap 91 185uMs
a a v 4 =

sonuuuiiudiey dunsoaumuanuAugald Aruuvesiudn (Pile Cap) AI39z50
uaz ldszaveglummsu e TWmitoussiiiannmianszunnvesdniminnszoedie

quNaAVD

® miaﬂﬁqﬁ Strain transducer i1aZAcceleremeter
\ v
. " = ar 9 o ' a v
® Strain transducer {I0YAccelciometer 88199% 2 AR %zgﬂmm"hmsmuwsnmﬂa
v

.

<1 3 2 o @ o L A Y o v &
memmﬁmﬂsa‘t’fmmnuua:nu Gﬂl!ﬂ1JQﬂﬂﬂﬂﬁﬂ$¢\@Qﬂ1ﬂ'ﬂﬂ'J!‘Uill]iziﬂm 1.5

AN 4 v
a w o

' i o =] w W a
&WW"UENL%NH?HﬂUUﬂaWQ“U@\uﬁTL‘UU U’]\fﬂ?ﬂﬂ]ﬂﬂ@ﬂﬂ1‘§ﬂﬂﬁﬂﬂ1i}ﬁnl'ﬂué{'ﬂﬂyﬂﬂu

a [ 24 [ ' °y ' % ~
UIIUIDUANTY BIYIAAINANIAII azoiaiasils 1ﬁ%1ﬂu1ﬂ'.m‘il~iﬂ"lll§ﬂﬂ 2:9

(9
o

<

Y

HUIHUNUQL IZUTHN

[ J
e oS

Se

o =)

°y ar [ A 3‘ o o
uumuﬂmwumuﬂam&ﬁau 1 !ﬂﬂiiﬂfﬂﬁ“‘d@iuﬂf?'l«!ﬂﬂ'f]ﬂﬂ‘UUU‘i‘ﬂ’jﬂﬂi$GUEUEN

PR3

= ' 3 :’ v A E% = @
BT 01NN N Qi imiinnton 15 lunisnaaeusziivug 4, Suaz 20 AUAINANY
< o o a :’ o 4 g °
MU ANYRIVMIME NV UL MAT T szezemeddosdy 1rgniinuan
LS a Y o A ° Y 5
dszaumsaivesdmnsdsnnums lunisnageunieonszaruimldlae s 11sunsy
5 B ~ o f =t H 9 =
GRLWEAP (Wave Equation Analysis Program) fausninoavesivzlslunmsninisanee
Usznoulde
] Y % ot Y a :; [~
- miousuaugganeay Tmayuluauiy
: v 9
- hmindy
- szansamvosszuuasequiin
¥
° v <
- MINBENUUVD I UUY
' 51 =t ' 9/ @ [ Y :/’ A
ABUMITNATBUAITIzIMsNadeulassdunizunni naniudIosrozdugie
< P " Aw ' a :: 9
asaudyIuuas W 155097 Na 1A (Wooden cushion) 19170 uiuifinaaaasl5uu
@ <1 4 " ’ RPN 4 :‘ W o @
Waauuuiey s limious uduiinasnnisnszunndninninnssnoaitauoauu
I3 E @ = o a 1 v @ =4
Az ot un NIEonNRATUN U a1
A P
° mistuNnEyg I
@ 1 o ar - o
naInsnaaeldesdudieszuzonduanisuns waoudyanauai NGy nagey

¥ ' Y 3 B " g a o '
"lﬂTﬂﬂﬂaﬂUQUﬂ'JEIiSJUEUﬂ“mT‘iZJ‘iﬁJﬁlﬂﬂlﬂ"ﬂ’ﬁlﬁi‘aﬂ(‘ﬂiﬂ?ﬂﬂ’lﬂ?]iﬂizu1ﬂl 3 Uu. AT




[
[3®]

a A a :3’ 3 : ' Y [ b4 y v
niaaInsinaduuaazasilunsddesduaszunnmnsaialdlasldndes

¥ .
Theodolite 35M3AAAINNIUTN 2.10

1

5

Sttain Gage !

Accelerometer 1

Section A

:‘___

@

%

Detail |

" s

tl

a WRA\Y Y~
gﬂ‘n 2.9 llﬁﬂ\?ﬂ]ﬁﬂﬂﬂﬂlﬂiﬂﬂuﬂjﬂﬂﬂgmﬂm IﬂU PDA [7]

=
TA: ON  IMLT-FI/BB=601 2\ T8 OPF
FSe PJ: LUCENT ; MONUFACTURING EX --Us
400 B L O LG . 3-31
LE i8.4 n i ]
AR 1235.0 on2 '
En 391 Y/com2 H
SP 2,400 T/n3 | ;
HS 4000 n/s
He 4000 n/s5 1‘\
i {
e 0,33 - \
FM 1.00 ¢ \ ;
um .00 YEE X b
i i N, i
H s i f H
4 ! P e
EA/C 120.9 Ts/n y s B
UM MTONWL.O g G o -
FR 10000 90 ! ; o e
oL O i ! s
ur o 1P 0.00H g i 1
1 TH-DOTH ! 1
FiL 96 i
Fz 99 :
AL 1054 s su PD: i-0.40%x19.0 H:lpc.
Az 926 T8 i35.0 TL 21.9 2L/7C 9.2 Ui 200 QLE_
ArX= 115 EnMx> 1.85 .
CSX= 0.226 BIA= 100 DHX= 3.1
IsX= 0.028 Frd: ason DFN= 3.6
¥ PILE INPUY  CAL DISPLAY SAUE - REPLAY  RESULT | |~
AT VRN L LE TG AL..4 or TCc RG Qi..9
3 AR ar Fi..4 Fs sL RI PJ
R ANTLEED T . € ER cY, OF TS zc RA PN
=P P AVL. .4 ur SF - BF PC
s FF AFL..4 CL sQ@ - ®a D
Jc ] AU Le sU PaUp/Dn WP
COMMAND INDEX: for more HELP use (F11 function key
(AT i PIEZOAES 1STIUE OF: Garliand Likins (ver:5.003

517 2.10 waasman INATOUUUNIT VB PDA[T]




23
a <y Y v [ Y [
2.6.2.4 MIIATITHVeNAN InNINTYAIMAZNOUNAY
&
® SeuvVIAVPITNIH

3 4 an v @ 4 4 Ao ' A P A
ﬂ’luiﬂllagﬂ'nntﬁ'“’]llﬂinﬂﬁﬂgmu'lmﬁ&’ﬂﬂu(lulﬁ'IHINﬂu‘iﬂﬂﬂ@ﬂsﬂiﬂﬂ‘lﬂﬂ anau
v 1 < - ¥ < lu v Q' dy
ﬂﬁ:ﬂ‘l]iﬂU‘\nﬂ%&’ﬁgﬂﬂuﬂaﬂiuzﬂﬂlaﬂﬁqg‘\ﬂ ﬂﬂaiﬂﬂ']'lllli31‘@3?7@@134“37\9“1“11‘\]“
o a o 2 L o 4 Y
llﬁ:’;ﬂﬂgﬁ]u'lmllﬁ\uﬂaﬂuTlﬂllﬁﬂﬂﬂlﬂutli@ﬂ\i‘lfjﬂﬂuﬂ mgﬂ‘n 2.11 aNUNINUDITOUVINA

mmmﬁmam'lﬁ'inn AuMIN 2.6 (Broms & Choo,1987)

U,= 3zzF,.dt (2.6)
t

Taom «, uaz «, uranafinaun 1AL DY IA

|
c/ % 1947 . i
ity A\ Ly ™\ ol o |
\Q F
} : 5“'1-..,:&" f
it TP T ¢
Uc‘, #ﬂj - W Therres  »
% ¥ box Vo2 {
A : A
) gmf 9 N
ﬁ = q@au ¥
= ;
=
e 3 3 TTime v

3UN 211 namsanvauzmumguRuesdyynaziounau na vl a il soou1a[6)

®  MABVINMINUIINNVBAAUIN (Pile Capacity)
a do @ w :; @ ad o n:y
NNHANISNATDUANINTDNATITHMAS T UssnRvenauin1d 2 F5dail
et dy ac ' o v = a d
1. Case Method 35m3thiluismsdequazinlasias " lumsinszinans
nagey mdsnanmswmasunvenaulu 1 A AuRMAIMsSNAde Pile Driving
: e
o ' o @ w ° o <
Analyzer (PDA) %zmmmmmmsuumuﬂnssnnmaumwuﬁ'w Case Method

@115UA1 damping (Jo) NNUUAMNTAUNS 2.7 1AL 2.8



24

_ F(t;)+F,) 5 Z,()-2Z,(,)

R (2.7)
! 2 2
o, (t,) = naiRanIns mInhga
(t)=t+2L/c
Zp=  Pile Impedance (EA/C)
R, =R +R, (2.8)
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Trained Set Tested Set Application Set Total Set
Formula Name MAPE MAPE MAPE MAPE
r r ' & v
(%) (%) (%) (%)

Hiley’s Formula
( 0.49 48.08 0.69 41.28 0.58 34.92 0.53 | 44.13
1930)

Engineer New
0.72 37.36 0.76 33.56 0.75 45.57 0.72 |- 38.23
(1965)

Modified Engineer
0.46 49.43 0.72 38.97 0.69 31.86 0.51 | 43.90
New (Eng 1965)

Junbu’ s Formula
(alson and Flaaie 0.71 3548 0.71 31.84 0.61 50.80 0.68 | 37.79
1967)

Gates ’s Formula
0.81 46.78 0.86 42 .85 0.82 52.30 0.81 47.09
(1957)

Danish ’s Formula
(alson and Flaate 0.76 4921 0.71 48.37 0.60 70.79 0.72 5331
1967)
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and Fiaate 1967) A1 MAPE é1a0 = 35.48% uaz 31.84% aud s dudoyayants
Uszynd 1Funui1a04 (Application Set) g3 Modified Engineer New (Eng 1965) 92 1%#1
MAPE @14 - 31.86% sﬁmi‘.?fammgﬂ%l‘},auuﬂ?umﬁmn%mﬁu"lﬁ'iﬂuquum Junbu’ s
Formula (alson and Flaate 1967) ludoyayanadovuiidnlesiFudinioanuianain
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mﬂ'ﬁqﬂ"lﬁ'm\'qm Modified Engineer New (Eng 1965) 1A MAPE = 49.43% Chﬂgﬂ Training
Set ﬂ'am’faya Test L& Application Set gA3U83 Danish’s Formula (Alson and Flaate 1967)

2191 MAPE qaqa = 48.37%, 70.79% Amady
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No. of Hidden No. of fHidden MAPE (%)
Model No. Epochs
Layer Modes Trained Set Tested Set Application Set
1 ! 4 N 20 14.18 14.93 15.81
2 1 4 40 9.49 15.05 20.44
3 1 4 69 13.28 13.55 20.76
4 I o 5 20 11.62 13.85 23.51
5 i 3 40 10.80 16.74 22.07
6 i 3 60 7.06 22.08 32.02
7 1 6 20 _10.06 15.18 22.47
8 I o . 40 i1.56 13.37 23.40
9 1 A 6 60 10.16 20.73 21.99
10 2 «1~ 20 13.49 15.88 19.20
11 2 : 1 8 40 9.87 17.69 29.71
12 2 4 60 12.72 20.39 25.62
13 2 - MSA K 20 11.82 12.07 17.87
14 2 et _3 40 11.94 -15.56 20.15
15 2 ) 60 11.30 13.13 22.38
16 2 6 20 11.46 17.14 30.43
17 2 6 40 11.50 23.03 28.27
18 2 5 60 2.71 26.30 31.54
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AT AN 1 ‘i’fauuawamsmﬁawm Dynamic Load Test

i A 3 /8 A, h P S B Q. O, design Folasens 4

& ‘ i y 3 naalasans
'w (m.xm.) (m.) | (tons) | (ecm.”) (m.) (tons) | (mm./blow) | (ton-m.) | (tons/AN) (ton/Aiu)

| S-0.26x0.26 26.5 4.18 676 0.80 4.30 1 0.4 82.8 30

2 S-0.30x0.30 2500 | 4.18 900 0.80 5.40 4.00 E.1X 118.20 25

3 S-0.26x0.26 24.50 3.79 676 0.50 397 1.50 054 88.10 30

4 S-0.30x0.30 | 21.00 3.79 900 0.70 4.54 5.00 0.87 63.80 25

5 S-0.30x0.30 | 22.50 | 3.70 900 0.50 4.86 3.00 0.46 77.10 25

6 S$-0.26x0.26 | 27.50 | 4.18 676 0.70 4.46 1.00 - 0.87 131.20 30

i) $-0.26x0.26 | 16.00 | 3.08 676 0.40 1" 2,60 8.00 0.89 25.00 10 SAINOI PIPELINE PROJECT nsdey

8 S-0.26x0.26 24.00 3.08 676 0.50 3.89 1.00 0.53 79:20 30

9 S-0.30x0.30 | 24.00 3.70 900 0.70 5.18 2.00 0.58 96.70 35

10 S-0.30x0.30 | 22.00 | 3.08 900 0.70 4.75 8.00 1.04 56.30 25

11 $-0.26x0.26 | 20.50 3.80 676 0.50 233 0.50 0.46 25.20 30

12 S$-0.26x0.26 | 23.50 4.50 676 0.40 3.81 0.50 0.66 113.10 30

13 S-0.30x0.30 | 22.50 | 4.50 900 0.40 4.86 1.00 0.62 113.80 30

14 | 140.35x035 | 21.00 | 400 | 780 | 140 | 3.93 3.00 1.45 113.70 45 Tssugilas-Ino mansels LTS

08



AT WM. 1 (Gl'i’)) %@Qﬂﬂﬁﬂﬁﬂﬂﬁﬂumm Dynamic Load Test

| wememdn | | W A, h p S B Q, | Q,design ¥olasams o

35 o e 2 haslnsens
°G (m.xm.) (m.) | (tons) | (ecm.") (m.) (tons) (mmiblow) | (ton-m.) | (tons/AY) (ton/®iU)

15 1-0.35x0.35 | 24.00 | 5.20 860 0.80 495 2,50 2.15 201.00 50

thugamaaing Tn3nndyna 0.9 WA UM 21

16 1-0.35x0.35 | 24.00 | 5.20 860 0.80 4.95 2.00 1.69 199.10 50

17 | S-0.26x0.26 | 24.50 | 5.00 676 0.50 3.97 1.00 1.16 127.50 30 Tyiguuazdninanu UR-1 MOTOR SPORT | o.m3z31 2

DIMTHONNHAANYY 14 'fuqmmnsm' a.wgIn
18 S-0.40x0.40 | 23.00 | 5.80 1,571 0.90 8.67 2.00 1.55 224.60 80 i
meny

19 $-0.35x0.35 | 23.00 | 8.00 1:225 0.60 6.76 1.00 2,09 266.10 60

20 $-0.35x0.35 | 23.00 | 8.00 11225 0.90 6.76 5.00 3.22 27430 60

21 S-0.35x0.35 | 22.00 | 8.00 15225 0.60 6.47 1.00 2.19 250,20 60

22 S-0.35x0.35 | 21.00 | 8.00 1,225 0.60 6.17 2.00 2,13 263.90 60

: BANGKOK WATER TREATMENT
23 S-0.35x0.35 21.00 8.00 13225 0.70 6.17 1.00 2.56 291.10 60 YI9LVU
PLANT
24 S-0.35x0.35 | 21.00 | 8.00 1,225 0.90 6.17 2.50 3.86 339.50 60 ; (Bangkhen)
AND RELATED WORKS PROJECT

25 S-0.35x0.35 | 23.00 | 8.00 1,225 0.70 6.76 2.00 2.56 237.90 60

26 S-0.35x0.35 23.00 8.00 [.225 0.90 6.76 4.90 2.98 224.90 60

27 §-0.35x0.35 | 23.00 | 8.00 1,225 0.30 6.76 1.00 0.94 170.20 60

28 $-0.35x0.35 | 23.00 | 8.00 1,225 0.90 6.76 5.00 3.28 240.10 60

18



AT W0, 1 (ﬂ'ﬂ) %aagawams‘nﬂaaumm Dynamic Load Test

s d p &
= | vy | g W, A, h P S B 0, Q, design ¥olnsens 42
ag 2 } M o NI LATINTG
°G (m.xm.) (m.) (tons) (em.”) (m.) (tons) (mm./blow) (ton-m.) (tons/MU) (ton/A )
20 | S-0.40x0.40 | 18.50 | 4.00 1,600 | 0.80 7.10 3.00 2.15 13610 45
30 | S-0.40x0.40 | 18.50 | 4.00 1,600 1.00 7.10 5.00 1,67 127.40 45
31 S-0.40x0.40 | 18.50 | 4.00 1,600 | 0.80 7.10 5.00 0.96 123.20 45 S S e 0. USUIY
AW, OUTHNT WIUAIEKWUIYYS 2
32 | S-0.40x0.40 | 18.50 | 4.00 1,600 1.00 7.10 5.00 1.73 128.20 45 ¥UH
33 | S-0.40x0.40 | 18.50 | 4.00 1,600 1.00 7.10 6.00 1.56 117.50 45
34 | S-0.40x0.40 | 18.50 | 4.00 1,600 | 0.80 7.10 4.00 1.61 131.30 45
JONSON&JONSON (SPORT HANA
35 | S-0.35x0.35 | 24.00 | 4.50 1,225 | 040 7.06 2.00 0.85 128.40 40 .
COMPLEX) BRI IAPHAIN
36 | S-035x035 | 2400 | 400 | 1225 | 070 |<7.06 7.00 2.04 §0.40 40 T Inoarysel Uszagiin 90
37 | S-0.40x0.40 | 21.00 | 8.00 1,600 | 0.80 8.06 2.00 2.55 226,40 80
38 | S-0.40x0.40 | 21.00 | 8.00 1,600 | 0.80 8.06 3.00 2.57 212.40 80
39 S-0.40x0.40 | 21.00 | 8.00 1,600 | 0.50 8.06 14.00 1.87 81.90 80 winsuduia Invnvasunda a.5undn
40 | S-0.40x0.40 | 21.00 | 8.00 1,600 | 0.80 8.06 8.00 1.81 133.90 80
41 S-0.40x0.40 | 21.00 | 8.00 1,600 | 0.80 8.06 7.00 1.86 125.50 80

8



AN H.N 1 (ﬂ'ﬂ) %’agawamsmaawm Dynamic Load Test

E yuae iy L W, A(.’ h P S B Q",, 0. dejign Folnsants & Tmsams
o (m.xm.) (m.) | (tons) | (ecm.”) (m.) (tons) | (mm.blow) | (ton-m.) | (tons/AH) (ton/AU)

42 | $-0.40x0.40 | 21.00 | 8.00 1,600 | 0.50 8.06 9.00 1.18 101.70 80

43 S-0.40x0.40 | 21.00 | 8.00 1,600 | 0.80 8.06 1.00 1.56 205.50 80

44 | S-0.40x0.40 | 21.00 | 800 | 1,600 | 080 | 8.06 2.00 1.98 201.00 80 WINYUTUNA INGUIATINAT .50
43 S-0.40x0.40 | 21.00 | 8.00 1,600 | 0.50 8.06 3.00 0.70 114.90 80

46 | S-0.40x0.40 | 21.00 | 8.00 1,600 | 0.80 8.06 5.00 1.12 169.30 80

47 | S-0.45x0.45 | 25.00 | 4.00 | 2,025 1.00~| 12.15 1.50 1.84 290.50 120

48 | S-0.45x0.45 | 29.00 | 4.00 | 2,025 1.20.°| 14.09 5.00 2.24 264.80 120 IFUNTANAIE T VINTEII 2 WITIW 2
49 | S-0.45x0.45 | 25.00 | 4.00 | 2,025 1.00 | 12.15 2.00 1.30 278.00 120

50 | S-0.40x0.40 | 29.00 | 6.30 1,600 | 090 [ 11.14 4.00 1.68 233.50 80

51 $-0.40x0.40 | 27.00 | 5.45 1,600 | 070} 10.37 3.00 2.05 235.90 80

52 §-0.40x0.40 | 38.25 | 4.00 1,600 1.20 | '14.69 5.00 1.88 209:30 80 Tsaamvfauead Iny 2 0.R083N79
53 | $-0.40x0.40 ’ 39.25 | 4.00 1,600 120 | 15.07 5.00 1.88 210,00 80

54 | S-0.40x0.40 | 32.00 | 6.30 1,600 | 070 | 12.29 1.50 1.40 240.90 80




MIN WA, 1 (AB) ToYAHANIINATBLVDY Dynamic Load Test

E U i W, A, h P 8 B 0, 0, design Folasems Y

T , 5 b naslasans
°c (m.xm.) (m.) | (tons) | (cm.”) (m.) (tons) | (mm.blow) | (ton-m.) | (tons/Au) (ton/A1)

55 S-0.40x0.40 | 28.00 | 5.45 1,600 0.90 10.75 3.00 1.73 225.90 80

56 | S-0.40x0.40 | 28.00 | 6.45 1,600 | 0.90/710.75 4.00 2.82 27110 80

57 S-0.40x0.40 | 43.00 | 5.68 1,600 1.30 16.51 8.00 L2, 225.40 80

58 S$-0.40x0.40 | 28.00 | 5.20 1,600 0.90 10.75 3.00 1.20 208.70 80 Iiwmnlmuaaﬁllm 2 D.RADINTY
59 S-0.40x0.40 | 26.25 | 6.45 1,600 0.70 10.08 3.00 238 255.60 80

60 | S-0.40x0.40 | 41.00 | 4.00 1,600 1.20° | . 15.74 5.00 235 209.20 80

61 $-0.40x0.40 | 30.00 | 5.50 1,600 1.5¢2 | 11r'se 2,50 2.57 292.80 80

62 S-0.45x0.45 | 25.00 | 4.00 2,025 1.40 12.15 5.00 2.47 240.50 80

63 | S-0.45x0.45 ,| 25.00 | 4.00 | 2,025 120 | 12.15 1.00 1.96 204.90 80

64 | S-0.45x0.45 | 24.00 | 4.00 | 2,025 1.40. | 11.66 1.50 1.03 240.60 80

65 S-0.45x0.45 | 24.00 | 4.00 2,025 1.40 11.66 3.00 0.69 148.50 80 AN33I0 S0 IMAa aANITe
66 | S-0.40x0.40 | 23.00 | 4.00 i',600 0.90 8.83 3.00 1.87 202.60 65

67 | S-0.45x0.45 | 24.00 | 4.00 | 2,025 1.00 | 11.66 2.00 1.89 200.50 80

68 | S-0.40x0.40 | 23.00 | 4.00 1,600 | 0.80 8.83 1.00 1.42 187.20 65

V8



M WD 1 (ﬂ'ﬂ) %gawamsmaawaa Dynamic Load Test

':é woaudy | w, A“ﬂ 4 P S B Q,,y Q,,deiz’gn Folnsanns P L e

oG (m.xm.) (m.) | (tons) (em.”) (m.) (tons) (mm./blow) | (ton-m.) (tons/Mu) (ton/Au)

69 S-0.45x0.45 | 23.00 | 4.00 2,025 0.80 11.18 150 1.81 220.00 80 NI Shesmaa MANITIN

70 | S-.525x0.525 | 24.00 | 9.50 | 2,756 | 1.30/]/15.88 3.00 4.48 339,90 90 Insams Yiudgeouuguou 0.3 WBUN31 N8

71 | $-0.26x026 | 19.00 | 400 | 676 | 050 | 3.08 0.50 0.48 109.10 30 pIMITHnULasATITUAT n.30R-

72 | $-0.35x035 | 19.00 | 400 | 1225 | 1207 5.9 3.00 134 117.80 45 Yaitn

73 | $-035x0.35 | 2800 | 400 | 1225 | 100 | 823 3.00 1.78 191.00 75 CRRTRNCLITRTOIE Y o.Anfuuiy

74 | S-0.35x0.35 | 28.00 | 4.00 | 1,225 | 1.00° |_8.23 3.00 1.91 199.50 75

75 | S-0.35x0.35 ‘| 28.00 | 4.00 | 1225 | 1.00°| 823 3.00 1.80 198.00 75

76 | $-0.30x0.30 | 26.00 | 5.80 900 040 | 5.62 2.00 1.46 198.70 40

77 | S-0.30x0.30 | 26.00 | 5.80 900 0.60 | 5.62 2.00 1.50 194,30 40

78 | $-0.22x0.22 | 26.00 | 4.00 484 040 | 3.02 1.00 0.58 72.70 20 “ i .
FuidnuazeusuIANUAZIIYY Ty

79 | $-0.22x0.22 | 25.00 | 4.00 484 040 |.2.90 0.50 0.40 77.90 20 pos STRRTR

80 | S-0.40x040 | 25.00 | 4.00 | 1,600 | 1.00 | 9.60 1.00 1.54 22820 60

81 | S-0.40x0.40 | 26.00 | 4.00 | 1,600 | 1.00 | 9.98 1.00 1.19 215.20 60

82 | S-0.40x0.40 | 2500 | 400 | 1,600 | 1.00 | 9.60 2.00 1.40 210.50 60

S8



MIN AN, 1 (A1) ToyananIsNATBUYDY Dynamic Load Test

o H P
ws | WHRWTN | g W, A, h P S B Q, Q, design | ¥olasams ddiInsans
= 2 4 v v
& - | (m.xm.) (m.) (tons) | (em.”) (m.) (tons) (mm./blow) | (ton-m.) (tons/@1)- | (ton/MU)
°c
83 $-0.40x0.40 | 25.00 | 4.00 | 1,600 1.00 | 9:60 1.00 1.80 234.50 60
84 S-0.18x0.18 | 26.00 | 4.00 | 324 0.30 /1/2.02 1.00 031 54.90 15
85 S-0.18x0.18 | 26.00 | 4.00 | 324 030/ | 2.02 1.00 0.37 58.20 15
86 $-0.26x0.26 | 25.00 | 4.00 | 676 0.60 | 4.06 1.00 0.53 102.20 25 ) .
guidnuazeusufnuazivvu v
87 $-0.26x0.26 | 26.00 | 400 | 676 0.60..| 4,22 1.00 0.69 14380 25 YN
ngen
88 $-0.40x0.40 | 26.00 | 400 | 1,600 1.00 | 9,98 1.00 119 207.40 60
89 $-0.30x0.30 | 26.00 | 4.00 | 900 0.70<"| 5.62 2.00 1.02 180,90 40
90 $-0.40x0.40 | 26.00 | 400 | 1,600 1.00 {9.98 1.00 1.43 228.40 60
91 $-0.30x0.30 | 26.00 | 4.00 | 900 0.70 . |"5.62 1.00 0.87 175.00 40
92 S-0.18x0.18 | 19.00 | 320 | 324 0.30 . |.1.48 150 0.18 42.00 10 A FOYU LNY S
Tsandaingumna e
93 | S-0.18x0.18 | 19.00 | 350 | 324 020 | 1.48 2,00 0.26 40,00 10 v
94 | S-0.40x040 |23.00 {550 | 1,600 |080 |8.83 2,00 1.86 22780 80 DIMINONNTATYS 14 Fu praensaiivla 2 | o.ngn'ln
a H L4 a
95 | S-022x022 |22.00 | 530 | 484 040 | 2.56 2.00 1.22 102,20 | 30 Tss9umeznIedn 1 0.Uszmgne

98



M1319 W.0. 1 (AD)

{Yeyanan1sNATeLY93 Dynamic Load Test

¥ ] 3 &
T | vy | g /8 A, h P S B o, Q, design ¥ lnsans 4
S . = o naelnsans
°G (m.xm.) (m.) | (tons) | (cm.”) (m.) (tons) | (mm.blow) | (ton-m.) | (tons/MW) (ton/Au)
96 S-0.40x0.40 | 19.50 | 6.00 1,600 0.80 7.49 2.00 1.78 145.90 80
97 §-0.40x0.40 | 19.50 | 6.00 1,600 0.80 7.49 2.00 1.54 150.40 80
5 0.29UH -
98 $-0.40x0.40 | 18.00 | 6.00 1,600 0.60 6.91 2.00 1.42 132.40 80 TAseIms wonyan R e
TAUIBLUAS
99 $-0.40x0.40 | 18.00 | 6.00 1,600 0.60 6.91 2.00 1.32 124.00 80
100 | S-0.40x0.40 | 18.00 | 6.00 1,600 0.60 6.91 2.00 1.39 133.30 80
MIFNIAUMNSRAU Y IMINIIg ADwIilD
101 | S-0.40x0.40 | 21.00 | 4.00 1,600 0.20 8.06 15.00 1.16 75.60 65 .
WALINDINMITYIRA
102 !'035X035 2400 500 880 080 5.07 100 138 159.40 50 LYCEE FRANCAIS INTERNATIONAL DE ﬂ %4
FEVIQNA
103 | 1-0.35x0.35 | 24.00 | 5.00 880 0.90 | 5.07 1.00 111 168.90 50 e A
104 | 1-0.35x0.35 | 26.00 | 5.04 880 0.80 5.49 1.00 1.18 186.80 50 0.500a
RCA SUITES Lo
105 1-0.40x0.40 | 26.00 | 4.82 1,240 0.80 7.74 1.50 2:33 282.40 65 BABLIU
106 | 1-0.22x0.22 | 22.00 | 3.23 332 0.50 1.75 8.00 0.71 35.40 20 g e 2
Twida wadu 0.31WUN
107 | 1-0.22x0.22 | 22.00 | 3.23 332 0.50 1.75 1.00 037 79.60 20
108 1-0.22x0.22 | 21.00 | 3.55 345 0.60 1.74 1.00 0.73 56.80 22 My VLA

L8



MIN AN, 1 (AB) TOYAHANIINATDVYD Dynamic Load Test

| wwads |, | W A, h p S B Q. | O,design Folnsams L
s ! . : naalnsns
o (m.xm.) (m.) (tons) (ent™) (m.) (tons) (mm./blow) (ton-m.) (tons/Mu) (ton/®1U)
109 | 1-0.22x0.22 | 21.00 | 3.55 345 0.70 .74 1,00 0.66 89.40 22 Mg STREITL)
110 | 1-0.26x0.26 | 18.00 | 2.80 487 0.60 2.10 5.00 1.03 75.60 30
111 | 1-0.26x0.26 | 18.00 | 2.80 | 487 | 060 | 2.10 5.00 095 76.40 30 Yty ds a.uraduny
112 | 1-0.26x0.26 | 18.00 | 2.80 487 0.60 2.10 5.00 0.95 77:30 30
113 | 140.35%0.35 | 20.00 | 5.35 808 0.60 3.88 1.50 1.43 159.80 50 . A g

PIUNNDIFY 4 FU 10Ny 131
114 | 1-0.35x0.35 | 20.00 | 535 808 0.60 3.88 2.00 1.06 140.00 50
115 [-0.30x0.30 | 24.00 | 3.90 660 0.60 3.80 1.50 0.71 118.60 40 BITEC EXHIBION HALL ANNEX UNUI-ATIA
116 | 1-0.30x0.30 | 24.00 | 3.90 660 | 0601 380 1.00 0.70 122.90 40 PROJECT

amnunmnma:ﬁvmww‘;'amsﬁnm ) FUYS
117 | 1-0.30x0.30 | 21.00 | 4.00 660 0.30 3.33 0.50 1.16 15880 35 _ R Y
Sy
118 | 1-022x022 | 2350 | 3.50 | 393 | 030 4]%.222 1.00 0.56 90.90 25 thusudume wswdume 100 | o.quivas
119 | 1-0.22x0.22 | 23.50 | 3.50 393 0.30 W, ! 1.00 0.64 94.40 25
120 | 1-0.40x0.40 | 17.00 | 550 | 1,240 | 0.70 5.06 3.50 3.02 156.90 60 neadeomsAmzlsue U,
¢ SRR

121 | 1-0.40x0.40 | 17.00 | 550 | 1240 | 070 | 5.06 3.00 2.22 155.60 60 INEAIMTAI

88



MIN AN, 1 (AB) TOYAHANIINAROLVD Dynamic Load Test

| vy | W, A, h P S B 0, Q, design ¥o1A39N13 <2
35 i . » s lnsams
°G (m.xm.) (m.) (tons) (ecm.”) (m.) (tons) (mm./blow) (ton-m.) (tons/A1) (ton/AY)
122 | 1-0.26x0.26 | 23.00 | 2.50 451 0.40 2.49 0.70 0.36 65.20 18 Tnassud Ysengiha Aszagiin vang
123 1-0.22x0.22 | 21.00 | 4.00 332 0.40 1.67 15.00 0.90 29.60 25 i Ingmysel Uszangiin 90
124 | 1-0.26x0.26 | 22.00 | 4.60 485 0.45 2.56 3.00 1.05 99.00 35
125 | 1-0.26x0.26 | 22.00 | 4.60 485 0.45 2.56 3.00 0.94 100.20 35 i 5

auHnFounDan DUUAN
126 | 1-0.30x0.30 | 22.00 | 4.60 660 0.55 3.48 3.00 1.35 115.80 40
127 | 1-0.30x0.30 | 22.00 | 4.60 660 0.55 3.48 2.50 1,25 124:40 40
128 | 1-0.26x0.26 | 22.00 | 3.57 485 0.70 2.56 2.50 0.75 85.30 30 In39n15 THE RIVER 0.193YUA3
129 | 1-0.22x0.22 | 22.00 | 3.75 363 0.60 1.92 2.00 0.76 84.10 20
130 | 1-035x0.35 | 22.00 | 6.0 880 | 0.80 | 465 10.00 3.48 129.90 50 CRRCT RN IRY D.WILIW 4
131 | 1-0.35x0.35 | 19.50 | 6.80 880 0.80 412 4.00 1.83 131,10 45 o2 &

159910055 1n05D aAnNsEye
132 | 1-0.35x0.35 | 19.50 | 6.80 880 0.70 4.12 1.00 2.29 161.10 45
133 | 1-0.40x0.40 | 21.50 | 5.97 1,240 1.00 6.40 3.00 2.10 189,30 70

PG RAMA9 CONDOMINIUM D.WIZIW 9

134 | 1-0.40x0.40 | 21.50 | 5.97 1,240 | 0.80 6.40 2.00 1.66 191.20 70

68



MIN KA. 1 (AB) T0LAHANITNAADUUDI Dynamic Load Test

- IARLTE AT Y L /8 A, h P Ry B Q. Q, design ¥olnsang 42
35 ; % " naelnsams
G (m.xm.) (m.) | (tons) | (em.”) (m.) (tons) | (mm./blow) | (ton-m.) | (tons/Aw) (ton/A1u)
135 1-0.40x0.40 21.50..|. 5,02 1,240 1.00 6.40 3.00 2:23 178.00 70 PG RAMA9 CONDOMINIUM ONWILIW9
136 1-0.30x0.30 25.00 | 5.00 602 0.50 3.61 2.00 1.03 107.10 35
137 | 1-0.30x0.30 | 25.00 | 5.00 602 050 | 3.61 1.00 0.74 101.90 35
UTI WAREHOUSE PROJECT 0.UNUI-ATIA
138 | 1-0.30x0.30 | 25.00 | 5.00 602 050 | 3.6l 1.50 113 127.40 35
139 1-0.30x0.30 25.00 | 5.00 602 0.70 3.61 2.00 1.19 120,20 35
140 1-0.22x0.22 | 21.00 | 3.20 363 0.40 1.83 11.00 0.88 37.00 14 ﬁ'qunm Tnsems 27 CRGIEEAIL!
141 | 1-0.40x0.40 | 2500 | 475 | 1240 | 1.00°| 7.44 3.00 2.00 193.00 75 4 : 4 i
iy Tnadu 15 0.5y 1WY3
142 | 1-0.40x0.40 | 25.00 | 475 | 1240 | 1,00 | 744 2.00 2.17 199.00 75
143 | 1-0.40x0.40 | 18.00 | 650 | 1240 | 1.80 | 5.36 9.00 4.59 178.40 70
144 1-0.40x0.40 18.00 | 6.50 1,240 1.40 5.36 6.00 3i 193.50 70
e Y. INYIINYN
145 1-0.40x0.40 18.00 | 5.00 1,240 0.90 5.36 2.00 1.88 174.60 ] DINTWNDIAY 8 YU
101
146 | 1-0.40x0.40 | 18.00 | 500 | 1240 | 120 | 5.36 5.00 2.06 149.20 75
147 | 1-0.40x0.40 | 18.00 | 500 | 1240 | 120 | 5.36 4.00 2.69 151.10 75
148 | 1-0.40x0.40 | 2200 | 520 | 1240 | 1.00 | .55 1.00 1.96 178.00 50 o ms i Inojugoumd e | 5. myninu 81

06



e

MIN WA, 1 (AB) T8YANANITNAADLYDY Dynamic Load Test

3

o vwamdn | | W A h p S B 0, Q, design Folnsens nd
3@
oG (m.xm.) (m.) (tons) (cm. 2) (m.) (tons) (mm./blow) (ton-m.) (tons/ﬁu) (lon/V?{u) Tnsanms
149 1-0.35x0.35 21.00 4.50 880 0.80 4.44 100 061 137.60 50 BINTUTNITUALUINIT 5 17vu VUIINOIAVI AU 0.5 WA WM
150 1-0.22x0.22 | 25.00 | 3.70 186 0.30 232 0.50 0.55 §9.70 25 Tyigunazguévimsunasglnlodisus D3NN
(T¥igusundn) anszifa
151 | 1-0.26x0.26 | 25.00 | 3.80 489 060 | 2.93 1.50 0.77 112.00 30
152 | 1-0.30x0.30 | 25.00 | 4.00 660 060 | 3.96 2.00 0.92 131.70 3s
153 | 1-0.22x0.22 | 21.00 | 2.50 345 | ;050 1.74 1.00 0.75 84.10 22 KRISADA GRAND CASTLE LAKE & PARK | 0.Twind-
Tasams 39 UATVOAS
154 | 1-0.22x0.22 | 18.00 | 2.50 345 0.50 1.49 1.00 0.77 77.60 18
155 | 1-022x0.22 | 2000 | 2.00 | 332 040" | 1.59 0.50 0.40 67.00 25 13915 GRAND CANAL 0.30174-
156 | 1-0.22x0.22 | 2000 | 2,00 | 332 040 1.59 0.50 0.42 70.00 25 DONMUANG Nan
157 | 1-0.35x0.35 | 28.00 | 5.40 781 0.50 | 5.25 1.00 1.49 186.60 55
VWU
158 | 1-0.35x0.35 | 28.00 | 5.40 781 050 | 3.25 1.00 1.76 173.50 55
AUCTION HALL /WAREHOUSE A31A N,
159 | 1-0.35x0.35 | 28.00 | 5.40 781 0.50 | 5.25 1.00 1.44 184.30 55 °
160 | 1-0.35x0.35 | 28.00 | 5.40 781 050 | 5.25 1.00 127 160.30 55
161 | 1-0.35x0.35 | 22.00 | 5.06 906 050 | 4.78 1.00 0.84 134.80 50 foad190InsMUILLTNI01AS
i A PNBY 9
162 | 1-0.26x0.26 | 22.00 | 5.06 | 469 050 | 2.48 1.00 0.84 102.70 30 WIAINTUNNTINGIAY

16



MANMIN .

o

namsaAs1zHaulssans audunus

(Pearson's Correlation Coefficient, r)




MIN WY1 ﬁ’uﬂs:ﬁw%ﬁﬁ'ﬁuﬁuﬁmauﬁv{ﬁu (Pearson's Correlation Coefficient, r)

anuen | wihda | shwfaeudy ﬁmﬁfns’ju TUZUNAN | STHINIARIVS midasuimitn

(L) (A) (Wp) (Wr) (h) @ (S) (Qu)
AL (L) 1.00 0.16 0.54 -0,05 0.23 -0.09 0.37
nihda (A) 0.17 1.00 0.91 0.43 0.66 0.18 0.70
ey (wp) 0.54 0.92 1.00 0.32 0.67 - 0.14 0.74
ﬁymﬁﬂé'u (Wr) -0.05 0.43 0.32 1.00 0.16 0.13 0.54
T2UzUNAY (h) 0.23 0.66 0.67 0.16 1.00 0.15 0.59
STEENIARIvEUA T (S) -0.09 0.18 0.14 0.13 0.15 1.00 -0.17
frddesuimin (Qu) 0.37 0.70 0.74 0.54 0.59 -0.17 1.00

6



AT NHEUIN A

; ¥ v

' o o aoff) o o =4 ' 9 '
M5WHUIN A 1 massuimdad i ldvingasaeg lugadeyaneu Tnseie

Uszaninowy (Training Set)

' o w w oy w 2 i '
M5HUIN A2 ANATUImTRE e i vingasaneg lugadeyanaasy

1nshoilseavifon (Testing Set)

' o @ W : @ & 9 ' 9 79 Y

M3MUIN A 3 MAasTihmin e ldeingasa g lugadeyailszgna 19

Taseolszenmion (Application Set)



' o W w :‘ @ d o 1 ' =
MINAA. 1 Mdashminmduitldnngasang lugadeyasen TassthoUssamidioy (Training Set)

Ultimate Load (Qu) fu/du

i woamdy | w, A, h P 8 o Modified
o (m.xm.) (m.) (tons) | (em.”) (m.) (tons) | (mm./blow) Hiley O Engineer Fankis Gaites Daitish
,_—New
New

1 1-0.22x0.22 22.00 3.23 332.00 0.50 1.75 0.80 42.13 81.36 225 74.19 109.83 80.94
2 1-0.22x0.22 21.00 3.20 363.00 0.40 1.83 1.10 36.42 63.52 39.38 69.06 92.36 74.52
3 1-0.22x0.22 25.00 3.70 386.00 0.30 2,30 0.05 30.09 58.12 34.83 63.58 135.00 71.40
4 [-0.22x0.22 20.00 2.00 332.00 0.40 1.59 0:.05 20.43 41.88 22,95 55.10 114.61 62.79
5 1-0.22x0.22 21.00 4.00 332.00 0.40 1.67 1.50 45.01 77.86 53.05 74.30 97.36 78.56
6 1-0.22x0.22 18.00 2.50 345.00 0.50 1.49 0.10 39.92 65.27 39.78 7517 131.60 84.02
7 1-0.22x0.22 20.00 2.00 332.00 0.40 1.39 0.05 20.43 41.88 2295 55.10 114.61 62.79
8 1-0.22x0.22 23.50 3.50 393.00 0.30 2,22 0.10 30.27 54.83 X3 64.13 120.61 7192
9 1-0.22x0.22 23.50 3.50 393.00 0.30 2.22 0.10 30.27 54.83 32.78 64.13 120.61 71.92
10 1-0.26x0.26 18.00 2.80 : 487.00 0.60 2.10 0.50 42.59 85.93 48.24 99.98 121.18 111.60
11 1-0.26x0.26 22.00 5.06 | 469.00 0.50 2.48 0.10 62.47 132.11 85.73 114.03 187.23 126.36
12 [-0.26x0.26 22.00 4.60 485.00 0.45 2.56 0.30 50.28 106.98 66.73 103.33 145.57 114.42
13 [-0.26x0.26 23.00 250 451.00 0.40 2.49 0.07 17.65 5230 26.10 65.76 123.07 76.15
14 1-0.26x0.26 22.00 3.57 485.00 0.70 2.56 0.25 55.69 129.48 73.91 L12:25 164.28 126.39
15 1-0.30x0.30 21.00 4.00 660.00 0.30 3.33 0.05 28.80 62.83 33.83 92.55 140.37 105.74

£6



' - °y o 4 a ' ' g
MIN KA. 1 (70) Midssmihmidniendui 1dangasaieg Tugadeyaaeulnssivdszamifion (Training Set)

VALY

A

Ultimate Load (Qu) Fu/du

= L W, ¢ h P S Modified

< > Engineer

°G (m.xm.) (m.) (tons) (cm.”) (m.) (tons) (mm./blow) Hiley Engineer Taahh Gates Danish

New
New

16 1-0.30x0.30 25.00 5.00 602.00 0.50 3.61 0.20 49.87 129.87 73.93 117.48 169.62 132.49
17 1-0.35x0.35 28.00 5.40 781.00 0.50 5.25 0.10 47.18 140.99 71.18 129.11 193.41 149.20
18 1-0.35x0.35 26.00 5.04 880.00 0.80 5.49 0.10 80,19 21055 100.93 172.18 236.36 200.99
19 1-0.35x0.35 28.00 5.40 781.00 0.50 5.25 0.10 47.18 140.99 71513 129.11 19341 149.20
20 1-0.35x0.35 22.00 6.30 880.00 0.80 4.65 1.00 128.42 2T 142.33 208.60 186.49 230.90
21 [-0.35x0.35 21.00 4.00 780.00 1.40 3.93 0.30 121.71 289.41 145.38 213.09 239.44 24542
22 1-0.35x0.35 28.00 5.40 781.00 0.50 5.2 0.10 47,18 140.99 7133 129.11 193.41 149.20
23 1-0.35x0.35 28.00 5.40 781.00 0.50 5.25 0.10 47,18 140.99 7113 129.11 193.41 149.20
24 §-0.35x0.35 21.00 8.00 | 1225.00 0.70 6.17 0:10 212.90 292.43 162.25 273.54 278.55 310.73
25 1-0.40x0.40 26.00 4.82 1240.00 0.80 7.74 0.15 76.21 200.83 79.56 19125 219.16 232.06
26 1-0.40x0.40 17.00 5.50 1240.00 0.70 5.06 0.35 136.47 198.45 102.60 246.44 193.98 280.39
27 [-0.40x0.40 21.50 997 1240.00 1.00 6.40 0.30 166.01 308.53 149.11 271.53 247.22 314.62
28 [-0.40x0.40 18.00 6.50 | 1240.00 1.80 5.36 0.90 397.90 586.47 317.83 417.34 289.55 468.12
29 1-0.40x0.40 17.00 5.50 1240.00 0.70 5.06 0.30 137.06 198.97 102.84 247.16 198.53 281.76
30 1-0.40x0.40 18.00 5.00 1240.00 1.20 5.36 0.40 189.80 308.48 149.16 295.82 237.24 341.45
31 1-0.40x0.40 18.00 6.50 | 1240.00 1.40 5.36 0.60 316.96 463.10 250.75 370.66 273.76 417.74

v6



' - :’ LY 3 A 1 ' =
M3 WA 1 (#0) massuihminadui Idangasaieg lugadoyaaouTnsetiolseamifion (Training Set)

VIR U

/4

A

Ultimate Load (Qu) fiu/@u

a L r c h P S Modified
. 2 Engineer
°G (m.xm.) (m.) (tons) | (cm.”) (m.) (tons) (mm./blow) Hiley Engineer Jiinbe Gates Danish

New

New

32 S-0.18x0.18 26.00 4,00 | 324.00 0.30 2.02 0.10 3532 62.66 40.27 59.93 128.94 66.48
33 S-0.18x0.18 26.00 4.00 324.00 0.30 2.02 0.10 35.32 62.66 40.27 59.93 128.94 66.48
34 S-0.18x0.18 19.00 3.20 324.00 0.30 1.48 0.15 37.20 50.00 33.01 62.71 109.35 69.07
35 S-0.18x0.18 19.00 3.50 324.00 0.20 1.48 0:20 2% 36.36 24.62 53.50 89.76 58.51
36 $-0.22x0.22 26.00 4.00 | 484.00 0.40 3.02 0.10 40.84 83.55 46.75 82.70 148.89 93.79
37 $-0.22x0.22 25.00 400 | 484.00 0.40 2.90 0.05 42.94 83.77 47.57 84.74 162.08 96.01
38 S-0.26x0.26 26.50 4.18 676.00 0.80 4.30 0.10 1136 174,62 85.92 136.85 215.25 158.96
39 S-0.26x0.26 23.50 4.50 676.00 0.40 3.81 0.05 50.10 94.24 50,37 108.37 171.91 124.06
40 $-0.26x0.26 27.50 4.18 676.00 0.70 4.46 0.10 64.55 152.79 73.93 125.23 201.35 145.92
4] S-0.26x0.26 19.00 4.00 676.00 0.50 3.08 0.05 68.49 104.71 58.12 127.87 181.21 145.40
42 S-0.26x0.26 24.00 3.08 676.00 0.50 3.89 0.10 351 80.42 35.94 95.53 146.07 112.96
43 $-0.26x0.26 20.50 3.80 676.00 0.50 3.33 0.05 58.23 99.48 52.46 11891 176.62 136.44
44 $-0.26x0.26 16.00 3.08 676.00 0.40 2.60 0.80 43.56 62.07 33.32 102.44 95.93 112.76
45 $-0.30x0.30 26.00 5.80 900.00 0.60 5.62 0.20 88.86 180.78 91.38 162.67 200.13 187.37
46 $-0.30x0.30 26.00 4.00 900.00 0.70 5.62 0.20 60.04 145.45 61.74 140.68 179.51 167.79
47 S-0.35x0.35 28.00 4,00 | 1225.00 1.00 8.23 0.30 74.03 206.72 71.60 179.22 202.36 224.00

S6



v '
MIN KA. 1 (#0) mmdssuhmineudui 1dnngasaien lugadeyameulnssiiolsyamifioy (Training Set)

Ultimate Load (Qu) G'Tu/v’fu

.E wiaedy | 7 W, A, h p s | JH

oG (m.xm.) (m.) (tons) | (em.?) (m.) (tons) | (mm./blow) Hiley Engineer Biginess e i Siatish

New
New

48 S-.30x0.30 26.00 5.80 900.00 0.40 5.62 0.20 59.24 120,52 60.92 13257 163.40 152.50
49 S-.35x0.35 28.00 4.00 1225.00 1.00 8.23 0.30 74.03 206.72 71.60 179.22 202.36 224.00
50 $-0.35x0.35 23.00 8.00 1225.00 0.70 6.76 0.20 189.39 290.91 13871 258.71 253.87 29493
51 S-0.35x0.35 28.00 4.00 1225.00 1.00 8.23 0.30 74.03 206.72 71.60 179.22 202.36 224.00
52 S-0.40x0.40 26.25 6.45 1600.00 0.70 10.08 0.30 114,17 234.33 93.78 232.83 214.99 280.20
53 S-0.40x0.40 18.50 4.00 1600.00 0.80 7.10 0.40 98.50 164.52 61.81 226.55 173.25 274.94
54 S-0.40x0.40 39.25 4.00 1600.00 |. = 1.20 15.07 0.50 51.76 245.52 59.74 168.47 204.84 234.39
55 S-0.40x0.40 28.00 6.45 1600.00 0.90 10.75 0.40 133.60 298.46 115.99 253.03 233.35 306.57
56 S-0.40x0.40 43.00 5.68 1600.00 1.30 16.51 0.80 84.58 ¥ 92 105.71 209.35 234.82 275.64
57 S-0.40x0.40 32.00 6.30 1600.00 0.70 12.29 0.15 84.88 229.69 81.92 204.17 23438 254.23
58 S-0.40x0.40 29.00 6.30 1600.00 0.90 11.14 0.40 122.83 291 .52 109.80 243.88 230.62 297.77
59 S-0.40x0.40 28.00 5.45 1600.00 0.90 10.75 0.30 103,79 253.49 89.88 228.10 224.09 283.28
- 60 S-0.40x0.40 27.00 5.45 1600.00 0.70 10.37 0.30 84.86 197.16 7132 205.45 197.63 253.50
61 S-0.40x0.40 21.00 4,00 1600.00 0.20 8.06 1.50 18.93 38.93 13.69 87.17 68.84 101.06
62 S-0.40x0.40 30.00 5.50 1600.00 1.50 11.52 0:25 160.03 427.46 146.57 284.91 298.50 358.06
63 S-0.40x0.40 21.00 8.00 1600.00 0.80 8.00 0.30 23891 330.75 164.31 32442 255.97 373.54
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M KA. 1 (#0) Mmdesuhmineuduildningasaren lugadoyameuTassiodseamifion (Training Set)

VAT U

W

A

Ultimate Load (Qu) f/@u

- L ' ¢ h P S N Modified
oG (m.xm.) (m.) (tons) | (em.”) (m.) (tons) | (mm./blow) Hiley N Engineer bl Gates Danish
New
New

64 S-0.40x0.40 28.00 5.20 1600.00 0.90 10.75 0.30 96.48 241.86 83.55 221.21 218.89 276.55
65 $-0.45x0.45 25.00 4.00 | 2025.00 1.00 12.1% 0.15 81.07 208.33 57.59 229.42 22322 306.98
66 $-0.45x0.45 25.00 4.00 | 2025.00 1.40 12 19 0.50 109.97 286.45 1927 266.33 221.25 33337
67 $-0.40x0.40 26.00 4.00 1600.00 1.00 9.98 0.10 79.97 208.88 64.77 208.02 235.42 269.31
68 S-0.40x0.40 25.00 4.00 1600.00 1.00 9.60 0.10 84.48 208.88 66.26 213.49 235.42 274.59
69 S-0.40x0.40 38.25 4.00 1600.00 1.20 14.69 0.50 53.74 245.52 60.67 171.57 204.84 237.34
70 S-0.40x0.40 41.00 4.00 1600.00 1620 15.74 0.50 48.57 245.52 58.20 163.32 204.84 229.50
14 S-0.40x0.40 18.00 6.00 1600.00 0.60 6.91 0.20 143.78 187.01 87.39 259.82 203.55 302.89
12 S-0.40x0.40 18.50 4,00 1600.00 0.80 7.10 0.50 91.50 163.68 61.51 22487, 167.25 271.83
13 §-0.45x0.45 25.00 4.00 | 2025.00 1.00 12.15 0.20 80.70 207.79 57.45 228.62 214.56 305.42
74 S-0.40x0.40 21.00 8.00 1600.00 0.50 8.06 1.40 13532 195.60 97.49 239.61 156.01 264.98
75 S-0.45x0.45 24.00 4.00 | 2025.00 1.00 11.66 0.20 85.44 207.79 58.85 235.07 214.56 311.59
76 S-0.45x0.45 29.00 4.00 | 2025.00 1.20 14.09 0.50 76.60 245.52 62.19 222.10 204.84 303.72
77 S-0.45x0.45 24.00 4.00 | 2025.00 1.40 11.66 0.15 120.19 291.67 82.59 279.59 264.11 371.50
78 S-0.45x0.45 24.00 4.00 | 2025.00 1.40 11.66 0.30 118.50 28941 81.99 277.09 239.44 366.64
79 1-0.22x0.22 22.00 3.23 332.00 0.50 7S 0.10 43.72 84.33 53.01 76.27 149.59 84.91

L6



' 1 o @ w °y V) < A ' : ' a o5
MIN KA. 1 (AD) MMdssuiminadini ldnngasaeg lugadeyaneuTnssivdszamifioy (Training Set)

Ultimate Load (Qu) fu/Au

'E yaaudy ¥ W, A, h P S . Modified

oG (m.xm.) (m.) (tons) | (cm.”) (m.) (tons) | (mm./blow) Hiley PN Engineer Tanbu Gates Danish

New
New

80 S-0.40x0.40 18.50 4.00 1600.00 1.00 7.10 0.50 121.87 204.60 76.89 252.40 186.99 305.74
81 S-0.40x0.40 18.50 4,00 1600.00 1.00 7:10 0.50 12].87 204.60 76.89 25240 186.99 305.74
82 S-0.45x0.45 23.00 4.00 2025.0()’ 0.80 11.18 0.15 72.88 166.67 48.39 21691 199.65 285.54
83 1-0.26x0.26 18.00 2.80 487.00 0.60 2.10 0.50 42.59 85.93 48.24 99.98 121.18 111.60
84 S-0.40x0.40 26.00 4.00 1600.00 1.00 9.98 0.10 79.97 208.88 64.77 208.02 23542 269.31
85 1-0.30x0.30 24.00 3.90 660.00 0.60 3.80 0.10 58.73 122.19 61.56 119.29 180.06 137.85
86 S-0.40x0.40 23.00 4.00 1600.00 0.80 8.83 0.10 75.86 167.10 55(89 201.54 210.56 255.67
87 $-0.40x0.40 19.50 6.00 1600.00 0.80 7.49 0.20 173158 24935 132,17 286.65 235.04 337.29
88 S-0.40x0.40 26.00 4.00 1600.00 1.00 9.98 0.:10 79.97 208.88 64.77 208.02 23542 269.31
89 $-0.45x0.45 25.00 4.00 2025.00 120 2. 1S 0.10 97173 250.65 69.27 25235 257.89 338.32
90 S-0.35x0.35 23.00 8.00 1225.00 0.30 6.76 0.10 §1.81 125.33 67.06 169.69 182.35 193.72
91 $-0.40x0.40 25.00 4.00 1600.00 1.00 9.60 0.20 83.78 207.79 65.93 21223 214.56 272.10
92 S-0.40x0.40 21.00 8.00 1600.00 0.80 8.06 0.10 243.49 334.20 165.92 32744 297.78 379.45
93 $-0.30x0.30 22.50 4.50 900.00 0.40 4.86 0.10 61.86 93.99 45.24 124.86 ]57.92 145.39
94 1-0.40x0.40 22.00 5.20 1240.00 1.00 6.55 0.10 133.54 271.54 121.59 248.75 268.42 294.29
95 [-0.35x0.35 24.00 5.00 880.00 0.80 5.07 0.10 87.77 208.88 103.44 179.60 235.42 208.31
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i

MIn KA, 1 (#e) Mhdssuihminendui ldnngasaen lugadeyameuInssiolsyamifioy (Training Set)

Ultimate Load (Qu) /e

o

= vnaeudy L W, A h P S Modified

'€ ; L . 5 Engineer

°G (m.xm.) (m.) (tons) (ecm.”) (m.) (tons) (mm./blow) Hiley Engineer Tinbii Gates Danish

\ New
New

96 [-0.35x0.35 19.50 6.80 880.00 0.70/ 4,12 0.10 150.94 248.56 150.67 225.14 256.81 252.06
97 1-0.35x0.35 24.00 5.00 880.00 0.90 5.07 0.10 98.74 234.99 116.37 190.53 249.70 221.03
98 S-.525x0.525 24.00 9.50 | 2756.25 1.30 15.88 0.30 430,51 638.24 247.64 525.58 355.57 638.80

66




50 6 G :’ @ 2 a ' '
M3 A, A, 2 Mfdsuiminandui 1dnngasang lugadoyanaaou Taseiwyszamifioy (Testing Set)

VWAL LT

Ultimate Load (Qu) fu/fu

b L w, A, h P 8§ : Modified
oG (m.xm.) (m.) (tons) | (em.”) (m.) (tons) | (mm./blow) Hiley EPIE% Engineer Junby Gates Danish
New
New

! 1-0.22x0.22 21.00 2.50 345.00 0.50 1.74 0.10 33.51 65.27 37.67 69.01 131.60 77.84
2 1-0.22x0.22 22.00 3.75 363.00 0.60 1.92 0.20 67.43 116.88 74.88 94.12 160.92 104.23
3 1-0.26x0.26 22.00 4.60 485.00 0.45 2.56 0.30 50.28 106.98 66.73 103.33 145.57 114.42
- 1-0.26x0.26 18.00 2.80 487.00 0.60 210 0.50 42.59 85.93 48.24 99.98 121.18 111.60
3 1-0.30x0.30 22.00 4.60 660.00 0.55 3.48 0.25 60.05 131.09 73.29 131.09 165.30 147.96
6 1-0.30x0.30 24.00 3.90 660.00 0.60 3.80 0.15 46.92 121.88 61.41 119.01 170:73 137,31
7 [-0.30x0.30 25.00 5.00 602.00 0:50 3.6l 0.10 50.09 130.55 74.29 117.95 186.11 133.43
8 [-0.35x0.35 21.00 4.50 880.00 0.80 4.44 0.10 89.06 187.99 94.26 182.48 223.34 211.07
9 $-0.35x0.35 22.00 8.00 | 1225.00 0.60 6.47 0.10 148.16 250.65 136.55 246.58 257.89 280.95
10 1-0.35x0.35 20.00 5.35 808.00 0.60 3.88 0.15 85.69 167.19 95.03 172.58 199.96 194.85
11 1-0.40x0.40 .| 25.00 4.75 1240.00 1.00 7.44 0.30 07.20 245.37 98.49 215.71 220.47 259.98
12 1-0.40x0.40 25.00 4.75 1240.00 1.00 7.44 0,20 97.83 246.65 98.97 216.69 233.76 261.89
% 13 S-0.22x0.22 22.00 5.30 484.00 0.40 2.56 0.20 4 e 110.13 71.80 105.63 156.20 116.55
14 S-0.26x0.26 25.00 4.00 676.00 0.60 4.06 0.10 58.63 125.33 62.06 119.41 182.35 138.46
15 S-0.26x0.26 26.00 4.00 676.00 0.60 4.22 0.10 55.78 125.33 60.98 116.71 182.35 135.79
16 $-0.26x0.26 24.50 3.79 676.00 0.50 3.97 0.15 46.22 98.70 48.15 106.53 153.64 123.61

001



vy '
MIN K, A, 2 (Aio) mdsiuimineidni Idnngasdg lugadeyanameu Tassviwdssamifion (Testing Set)

| Ultimate Load (Qu) Au/@u
:é Wiy | W, A, h p S N Modified
e (m.xm.) (m.) (tons) | (em.?) (m.) (tons) | (mm./blow) Hiley R o Engineer Junbu Gates Danish
New

1 New

I I'r S-0.30x0.30 26.00 4.00 900.00 0.70 5.62 0.10 60.43 146.21 62.04 141.36 196.96 169.15
18 S-0.30x0.30 25.00 4.18 900.00 0.80 5.40 0.40 76.18 17193 76.10 156.87 177:1) 184.45
19 S-0.30x0.30 21.00 3.79 900.00 0.70 4.54 0.50 71.45 135.70 62.34 152.18 152.29 176.50
20 $-0.35x0.35 21.00 8.00 | 1225.00 0:90 6.17 0.25 270.26 373.06 207.09 308.58 278.85 349.23
21 S-0.35x0.35 19.00 4.00 | 1225.00 1.20 5.59 0.30 127.89 248.06 105.61 250.15 221.67 297.15
22 $-0.35x0.35 23.00 8.00 | 1225.00 0.90 6.76 0.50 205.01 368.29 19731 290.48 250.87 328.85
23 $-0.35x0.35 23.00 8.00 1225.00 0.60 6.76 0.10 140.41 250.65 134.12 240.42 257.89 274.83
24 $-0.35x0.35 21.00 8.00 1225.00 0.60 6.17 0.20 155.47 249.35 138.39 252.01 235.04 285.23
25 S-0.40x0.40 23.00 5.80 | 1571.00 0.90 8.67 0.20 130.50 21%13 111.48 267.82 245.11 321.68
26 S-0.40x0.40 18.50 4.00 1600.00 0.80 7.10 0.30 87.42 165.37 62.11 228.23 181.00 278.13
27 S-0.40x0.40 25.00 4.00 | 1600.00 1.00 9.60 0.10 74.00 208.88 66.26 213.49 235.42 274.59
28 S-0.40x0.40 21.00 8.00 1600.00 0.80 8.06 0.20 211453 33247 165.11 32593 271.40 376.47
29 $-0.40x0.40 21.00 8.00 1600.00 0.80 8.06 0.70 203.08 324.05 161.18 318.47 223.72 362.27
30 S-0.40x0.40 21.00 8.00 1600.00 0.80 8.06 0.80 201.47 322.42 160.42 317.00 218.64 359.55
31 S-0.40x0.40 21.00 8.00 1600.00 0.80 8.06 0.20 21153 33247 165.11 325.93 271.40 376.47

1 32 S-0.40x0.40 23.00 4.00 | 1600.00 0.90 8.83 0.30 73.61 186.05 61.93 211.10 191.98 266.00
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1 o v W : @ g o ' o '
MK A3 Midsuhmdneudui ldonngasaieg Tugadeyarszgna e 1assiwtseamifioy (Application Set)

Ultimate Load (Qu) fiu/du
P wnd || W, | 4, h P S . Modified
o= (m.xm.) (m.) (tons) | (em.?) (m.) (tons) (mm./blow) Hiley R Engineer Tinbu Gates Danish
New
New
1 1-0.22x0.22 21.00 3.55 345.00 0.70. 1.74 0.10 74.93 129.84 84.25 99.28 185.61 110.05
2 1-0.22x0.22 21.00 3:55 345.00 0.60 1.74 0.10 64.22 1 T )28 72.8 91 .89. 171.84 101.83
3 [-0.26x0.26 25.00 3.80 489.00 0.60 293 0.15 45.12 118.75 65.89 100.91 168.52 114.51
- [-0.30x0.30 25.00 5.00 602.00 0.70 3.61 0.20 69.82 181.82 103.50 139,17 200.70 1Al
5 1-0.30x0.30 25.00 4,00 660.00 0.60 3.96 0.20 46.12 124.68 62.41 VL] 166.20 135.79
6 1-0.30x0.30 ‘| 22.00 4.60 660.00 0.55 3.48 0.30 59.89 130.75 73.12 130.79 160.94 147.38
7 1-0.30x0.30 25.00 5.00 602.00 0.50 3.61 0.15 49,98 130.21 74.11 Sl g 176.47 132.96
& 1-0.35x0.35 19.50 6.80 880.00 0.80 4.12 0.40 169.19 279.69 169.71 238.06 225.90 264.35
9 [-0.35x0.35 24.00 5.20 860.00 0.80 495 0.20 78.28 216.10 110.01 181.30 218.81 208.64
10 1-0.35x0.35 20.00 5135 808.00 0.60 3.88 0.20 73.36 166.75 94.80 172.18 192.21 194,06
11 [-0.35x0.35 24.00 5.20 860.00 0.80 4.95 0.25 78.10 215.54 109.74 180.95 211.96 207.95
12 1-0.35x0.35 22.00 5.06 906.00 0.50 4,78 0:10 54.23 132.11 67.45 152.04 187.23 175.16
13 1-0.40x0.40 18.00 5.00 | 1240.00 0.90 5.36 0.20 126.90 238777 112.96 258.18 227.58 299.55
14 1-0.40x0.40 21.50 5.97 | 1240.00 0.80 6.40 0.20 117.26 248.10 119.87 243.65 234.45 282.92
15 1-0.40x0.40 21.50 5.02 1240.00 1.00 6.40 0.30 112.84 259.38 115.52 24457 226.68 287.92
16 1-0.40x0.40 18.00 5.00 | 1240.00 1.20 5.36 0.50 165.57 306.91 148.44 29447 229.02 338.88

201



1 1o v w : (Y < : ' '
MIN A, A3 (7B) MMdss i i ldningasag lugadeyalsygnd 14 1nssivdsemmifion (Application Set)

d
VUL NVY

W

A

T

Ultimate Load (Qu) Fu/du

= L f ¢ h P S . Modified

e (m.xm.) (m.) (tons) | (em.”) (m.) (tons) | (mm./blow) Hiley ENPMGR Engineer Junbii Gates Danish

New
New

17 S-0.26x0.26 24.50 5.00 676.00 0.50 3.97 0.10 55.09 130.55 71.60 125.43° 186.11 142.76
18 $-0.30x0.30 22.50 3.70 900.00 0.50 4.86 0.30 38.29 95.61 41.96 122.6.:5 137.62 144.35
19 S$-0.40x0.40 | 18.50 4.00 | 1600.00 1.00 7.10 0.60 120.65 203.56 76.52 250.74 181.50 302.65
20 S-0.30x0.30 24.00 3.70 900.00 0.70 5.18 0.20 49.57 134.55 5%, det 140.74“ 172.65 167.75
21 S-0.30x0.30 22.00 3.08 900.00 0,70 4.75 0.80 40.65 108.61 44.02 127.68 126.90 150.55
22 S-0.35x0.35 24.00 4.50 | 1225.00 0.40 7.06 0.20 37.87 93.51 37.51 134.54 143.93 162.03
23 S-0.35x0.35 24.00 4.00 | 1225.00 0.70 7.06 0.70 53.58 141.77 53.51 160.85 147.98 193.69
24 S-0.35x0.35 23.00 8.00 | 1225.00 0.90 6.76 0.49 205.15 368.47 197.41 290.59 251.69 329.05
25 $-0.35x0.35 23.00 8.00 | 1225.00 0.90 6.76 0.50 205.01 368.29 197.31 290.48 250.87 328.85
26 S-0.40x0.40 23.00 5.50 | 1600.00 0.80 8.83 0.20 107.92 228.57 90.55 245.79 225.03 297.56
27 S-0.40x0.40 21.00 8.00 | 1600.00 0.50 8.06 0.90 124.93 200.50 99.79 246.71 169.30 277.22
28 S-0.40x0.40 21.00 8.00 | 1600.00 0.50 8.06 0.30 13142 206.72 102.69 255.54 202.36 293.50
29 S-0.40x0.40 21.00 8.00 | 1600.00 0.80 8.06 0.50 206.38 327.37 162.73 32143 236.53 367.82
30 S-0.40x0.40 19.50 6.00 | 1600.00 0.80 7.49 0.20 152.27 249.35 11217 286.65 235.04 337:29
31 S-0.40x0.40 18.00 6.00 | 1600.00 0.60 6.91 0.20 126.14 187.01 87.39 259.82 203.55 302.89
32 S-0.40x0.40 18.00 6.00 | 1600.00 0.60 6.91 0.20 126.14 187.01 87.39 259.82 203.55 302.89
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piuemsAanazlyaulisunsu

Prediction Ultimate Load for Driven Piles in Bangkok Subsoil 2008

=
1. swazpoaveallsunsu
T1Jsunsu Prediction Ultimate Load for Driven Pile In Bangkok is Subsoil 20081111
Pe 9 o @ ‘1 o @ w : s [~ o‘: a & 9
Isunsuilddmivnswonsammassmhminveamiduaonlusudungamwa a4
v
' o @ w o a (<] e
HANATDUMMAITUINNINYOUAUTUUY Dynamic Load Test nldiilugiudoya laold
' =] P o
15991015z miion (Artificial Neural Networks: ANN) mlszgnauuTilsunsy MATLAB
3 [ 1 <3 4 P @ : a <
%a152nouA0 Input 6 Ay Taun Anwer i @), Auitmihida (A), iminandy
v ¥
(W,), Vingdu (W,), 55020ndu (h) LAz 3202 N3aAa (S) 4 hlsunsuiianymzaiy

U .l

£ s B

sorvumatul s s oesana

Prediction Parameters Prediction Result

Forthe best result in prediction
All values should be in range

Pile Length :
Cross-Section Area :
Pile Weight:

Hammer Weight .

Hammer Drop :

Pile Seftlements :

UM w.a. 1 naaanThea llsunsy
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2. gilemsaaduazl¥ nnlsznevdan
1. gqunsaimsAadanes$Tisunsu Prediction Ultimate Load for Driven Pile In
Bangkok is Subsoil 2008
1.1 CPU: Pentium III 30 Athlon
1.2 Windows 2000 #3® Windows XP
1.3 Hard disk space: 3.0GB (ﬁm%"nmsﬁﬂﬁyﬂﬂsunsu MATLAB)
1.4 Ram: 512 MB
1.5 11J5un51 Microsoft Office Access 2003

1.6 1151033 MATLAB 7.1 %383 Neural Toolbox

2. TunduN3AANallsunsu Prediction Ultimate Load for Driven Pile In Bangkok is
Subsoil 2008

2.1 fansli)sunsy MATLAB 7.1 a4in303A80NAAD3 N2 19911

2.2 Prediction Ultimate Load for Driven Pile In Bangkok is Subsoil

3 i - AS ¥
2008 1111 Disk :DH30 Disk DU7MUADINAG

3 %unaumﬂ%’iﬂsuﬂsu Prediction Ultimate Load for Driven Piie in Bangkok is
Subsoil 2008
3.0 Gududn Tasinsy MATLAB
3.2 l‘i’l‘ﬂﬂﬁ Command Windows #@2191 11/8 directory ﬁ;ﬁ‘u"lﬂﬁiu Disk ﬁ;ﬁv

Pawde 2.2 naaaldamziin wa. 2




Command Window

FHEPa % { Cass i To get started, select NATLAB Help or Demos from the Help menu.

>>

Load for Driven Pii

3.3 1000 My Computer =>Disk:D W30 Disk 514‘]=> Prediction
Ultimate Load for Driven Pile In Bangkok is Subsoil 2008 U&INaN OK A

= Ao ) ¥
21]71 W33 mamaﬂgwwagamﬂlﬂmu

i % Local Disk (C:)
= e Data (D:)
L3 ANN Tusumsuted

Predetion LRmote Load for Driven Ple In Bangkok = Subsod 2008

o Cema )

test=1

30 w3 naaantharmsGon Tsunsuldau
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a 4 q o 4 P
3.4 W ANN ud@ana Enter tioison Tusunsudiumnldau uaasldamgii

W4

WarRkspare

SHPNEG % B sl |

Command Window

Neme +

To get started, select MATLAB Help or Demos from the Help menu.

>> ANN

s ma 4 naaandhdramatonTilsunsy ldan

3.5 an¥azmannuyed llsunsunssnolssammmonvsutians 19aueen
4 ' =Y
81ty 3 dow Sanvazawgl
1. AIUVDINTS Training Iﬂ50ﬁ1ﬂﬂ§$ﬁ1ﬂlﬁﬂu (Update and Train Network)
2. daumatlowdoyaindr Inssviolssamidion (Prediction Parameters)
1 v
3. AUMSHAAINAIN IATIVIUSTHNNGY (Prediction Result) F9113 3

amldmugn ma s
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Prediction Parameters

For the best result in prediction
All values should be in range

[Min, Max]
T AN
S Bl
Cross-Sectid : _— -y T
Pile Weight : §M AT Vet
Hammer Weight : Ay % 3
i ’ v R o L 4 ggeseg
Hammer Drop om. e o b
P SSEEIEe AN\ 5700 Ulimate Load (@u) :| ns Pile

Using only in Ultimate Load for Driven Pile Prediction

g w.ass naasmhsams e audaznszuauns

wazesaveIns v lsunsulassvelszamimen

1. @uveIM3 Training Iasane)szamimen (Update and Train Network)
Tusunsuazdnaiinis Training Yoyanou Moaouli Tusunsuoudio Neural Network
W30 Train 1a593ud) ﬁﬂxmm‘mﬁwms Testing 130 Simulate ﬂlﬁc’%‘ﬂz Prediction 19 lay

. v
wiola lsunsuinaiausn S1da1in5 Training Tsunsy deeliviins Training NOU 1Ay

2 Update and train network. .. ]
liadnii)y —

M5 Training MUUN H.3.6

uadz ldwihan T)sunsuluduves




Training neural networks

‘ i
i : |
; e IR
; i Select database *mdb i i

Hidden Layer and node - §0,1 re Create : Help . ]

Transfer function of hidden Layer : 1

Transfer function of output Layer : tansig

| Training function® traingd |
‘ Epoch : 00!
Goalt-_. —

Learning rate -

|
il
1]
]
il
i)

Neural network Performance 5
MAPE : | % |

Ultimate Load (Qu) &
RMSE : ; Tons. "

o NN v '
3 w4 6 naaanihia sz UM a3 e laseiio

MR 19999M5 Training 321s2noUda8 2 31 Ao
1 @21vd3 Training Neural Network aswnsifuntalyansIdaaii

1.1 M3iTondoyayn Train 1119509901 5samifoy

¥

belect database * mih ’ r \

Ciiludauves
A £ vV A ° e - ' = = 9 - g 9 2
miaden1¥3mdeyangin Trining TnsssholszamiionTaoSondoyaiiiu 131y File
- g
VD9 Microsoft Access NN 1311 Folder Data => Open => Train Ultimate Load ANN.mdb =>
g < Y 9 = 'Y vq Vet
Open => ®1519 Ultimate Load NATLVIFNITEVIUNIT Training mngﬂ‘n W7 memnqal%u
v et o q =4 ° @ % i “‘: 4 o
Voyayalmineinnldnuiamisaiimsdaaen Fileusa Microsoft Access 1AIH 130 File
' o K a 4d a' 5
Imilasliganissmuaziluunvesnis ey File wunansonlasugadoyalunis Train
Tnsaolszamiion1d 3unuvesmsawgii wa. 8, 1.9, 9 diedenuda Tlsunsussi

msaaaegudeyalilayld OLEDB lumsaade
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- = ' Y o a” =1 ¥ g 9 o v & U
11183 Train uAag Inseas1adivdu limhanewnglFesimsiuinm
0 ° 4 o ° % d’ <
Weight 1azf Bias Taog 1FamnsofmuasevesInsaad1an 1dvins Train thiu'l3

3 £ ' ks < R ¥ PR
INTIZRTUUMS Train uAazAT U IANNsONUHAYEL I 131501 Tavezgn

(3onANI ANN 1)1 Load network... @ 1)

Transfer function of hi

Look in: [ 53 Data ~ledB@E
@prkamn Ultimate Load ANN

Train| 2] Test Ultimate Load ANN

i2h} Total Data Ultimate Load ANN

tayUitimate Load ANN

Transfer function of o

e

§:fEset ‘3?‘?“"7

Lq!

Neural netwj Fiename: . |Train Utimate Load ANN I Open ]
Files of type: - |*.mdb ~1 Cancel I

T o

- 9 Y M
3N w4 7 naaamihanszuaumsadalasaie
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El Microsoft Access

& wewwiastidesing
a Hwerrdiaonwiloudoya
2

I
2 %
3 H0.22x022 1 -]
4 Wpe 2% .\, N1/ Nedhioy i 159 3 200, N o) § 0l | 7000
5 H202 : . 2100 Il 3200 1L 400 .0 15.00 2980
6 H0.2:0. 22 1800 1,345,008 ° ¢, 3 1.49, 2 5000 100 7760
7 10220 22 2000 OO0 Wi 0S| 159 o2 o0 / 50 67.00
8 0 22:0.22 2350 39300 gey 350, T : 100 %0 %
9 H) 22x0 22 2350 393.00 222 350 30.00 1.00 94 .40
=0 H02%6x02% 18.00 48700 2100 280 60.00 500 76.40
i 2602 . 200 bd89007 . T 548 BUNX VA ol L o A 0 10270
12 %026 2200 48500 256 460 45.00; 300 99.00
5113 H) 2640 26 23000 451,00 249 250 40 .00 70 6520
e 10 26x0 26 200 485 00 256 357 000 250 8530
15 10 30x0.30 2100 . 66000 333 400 ( 000, 50 153 80
<.|16 H0.30x0 30 25.00 602.00 361 5.00 50.(!), 200 10710
17 +0.35x0 35 28.00 78100 .. 52 540 50,00 100 17350
18 H) 35x0 35 26.00 880 00 5!9' 504 80.00 100 166 80
19 H0 35x0 35 28 00 781 .00 5% 540 50.00 100 186 60
2 0 35x0 35 2200 880.00 465 630 80 00 1000 129 90
21 0 3540 35 2100 78000 393 100 140.00 300 11370
22 0 35x0.35 2800 781.00 525 540 50.00 1.00 184 30
n LN €N 8 2R nn 7R1 N g5 £ an anmn 1M 1w nm ¥
=imc (14 [ 1 (L J00)RA s
it

" v -3
3N w9 namamhiamsifudeyavaslilsunsy

v
1.2 MIMUUATIUIY Layer 11a2 Node 14%U Hidden

Hidden Layer and node | 55|1 | Create || Hep

Wi IuveINIAHUAS Y Hidden layer 118 31191 Node ¥84 Hidden layer tay

w

v
11134 Node 494 Output layer Tauligiunumsiloudoyadaii

® Node Hidden layer, Node Hidden layer , ...., Node Output layer :
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ONAIBEITUABINSA319 2 Hidden layer 1a01¥ Hidden layer 1 1811491 Node 111y

5 uae Hidden layer 2 191194 Node 111y 5 uaz Output layer 1191191 Node 11y 1

o Create

L 4 k4 i1
wdesldasiifie 5, 5, 1 imiudeaimsnatly EEEEEL (faqdhg Layer uaz

3 Yy v =) v ' ¥ = v
Node 'uumummnmni‘]tywﬂumiﬂs ﬂﬂﬁjﬂi‘{d‘izﬁ31@1%Q1uﬁ1n1iﬂliﬂﬂ@‘1ﬂﬂ1ﬂ

Yy BB TyjsunsuiiGon 19 Tdnuuzag

‘networks  Nede hidden layert , Node hidden layer2 , Node hidden layer3 , Node output layer

§

‘mao] [ “”‘”,“./”' e SRR UK i

) |(omas J[ree ]

TS

= ‘tansia x f [ Set ]

Example if you need set 3 hidden layer each layer have node amourt at hidden layer 1 = 30

node hidden layer 2 = 10 , node hidden layer 3 = 5 and node output layer =1

4
MIMUNARMTNIAYBITDYALANZHY

Transfer function of hidden Layer: FEESEEEE - | = tansig - L ERE. § 5

Transfer function of output Layer g

Training function ; traingd  ~ |

1.3 M3NIYYATransfer Function 11%U Hidden

Transfer function of hidden Layer 1 : :J =

' Yo = Z ' 2 P=1
aﬂumummmﬂwmmm Iransfer function Y®WLAN Hidden layer Tﬂtmg‘dmmmm
3 5 ) P v ¥ v ' E
Transfer Function 3 jiuunraiugidmuy diaimenlanudsanisdeanalu Set nn

;‘,’ = ' :;I :1’ : < o ° 3 ’

A33 IMINTINNNT | FUTUDUNAB1TINSAMUA Transfer Function 1dnatly

¥ ' [
Set AWIBUNY

v
1.4 M3MmnUATransfer Function Tu%u Output

Transfer function of output Layer ; tansig

%
2 R

| ogsig
- | pureln

WudruveansIifimue Transfer function Y89 Output layer dedenudideans

Ed
fMruadenally Set YA
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10 | em [PileLength (1)[Cross-Section Area (Ac) Pile Weight (Wp) [ Hammer Weight (Wr)] Hammer Drop (n) | Pile Settlement ()] Ulimate Load (Qu)
Pl H.2:022 .20 e 33200, LIS 323 500 .. .80 .54
2 H. 2240 22 2100 . 36B3m 183 320 4000 SLALE - |4
3 H0.22x0.22 2500 386.00 232 370 3000, 50 8970
4 10, 2240.22 200 332m 169 200 4000 50 70,00
5 +6.22:0.22 2100 33200 167 400 40.00 1500: 29,604
6 102240 22 1800 34500 149 250 50.00 100 77 60y
7 10.2x0 22 00 3200 159 200 4000 50 67.00
8 10.22+0 22 2350 39300 222 350 3000 10 90 90
9 10,240 22 2350 33300 22 350 30,00 10 aaag
10 H). 260 26 18 00 487 00 210 280 60.00 500 76.40)
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ABSTRACT : Calenlation for pile load beaning eapacity is tha most importance process of safety md cost effective foundation
design. Pile load beanng capacity by daily used empirical fornmla s still having hi ¢h errors. So the arificial neural network (ANN)
is considered as the effeciive tool to predict pile load bearing capacity in Bongkok clay, to reduce this error value. This research was
done by gathering 162 data of dynamic load test results on Bangkok clay, which covers pile load capacity of 25-239 tous/pile. By
considenng pile diiving formula, 6 variable. that ae pile lensth, cross saction area. pile weight, hanmer weight, drop length and
settlement. was selected as iput vanable. Then, train-d and testad data were compurad thiongh MATL AB with feed-forward. back-
propagation process and wadieat descent, Traingd, leaming fonction  Research r=sults show that the most effective ANN modal
allowing RMSE value aquals 2055 tons whi e is ) ewer than coleulated value by using pile driving fonmula. So it must be useful l:or

engineers to ensure nltimate bearing capacity of designed pile.
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MIN W0 1 ‘i’fmgawamsﬂﬂﬁawm Dynamic Load Test

B AUy L W, A, h P S B Q, Q, design Folasens a2
& naslnsans
o (m.xm.) (m) | (tons) | (em.”) (m.) (tons) | (mm.blow) | (ton-m.) | (tons/fy) (ton/ﬁlu)
I $-0.26x0.26 | 26.5 | 4.18 676 0.80 430 | 0.4 82.8 30
2 $-0.30x0.30 | 25.00 | 4.18 900 0.80 5.40 4.00 1.15 118:20 25
3 $-0.26x0.26 | 24.50 | 3.79 676 0.50 3.97 1.50 0.54 88.10 30
4 $-0.30x0.30 | 21.00 | 3.79 900 0.70 4.54 5.00 0.87 63.80 25
5 S-0.30x0.30 | 22.50 | 3.70 900 0.50 4.86 3.00 0.46 77.10 25
6 $-0.26x0.26 | 27.50 | 4.18 676 0.70 4.46 1.00 0.87 13120 30
7 $-0.26x0.26 | 16.00 | 3.08 676 0.40 2.60 8.00 0.89 25.00 10 SAINOI PIPELINE PROJECT nsley
8 $-0.26x0.26 | 24.00 | 3.08 676 0.50 3.89 1.00 0.53 79.20 30
9 $-0.30x0.30 | 24.00 | 3.70 900 0.70 5.18 2.00 0.58 96.70 35
10 S$-0.30x0.30 | 22.00 | 3.08 900 0.70 4,75 8.00 1.04 56.30 25
11 $-0.26x0.26 | 20.50 3.80 676 0.50 233 0.50 0.46 2520 30
12 S-0.26x0.26 | 23.50 | 4.50 676 0.40 3.81 0.50 0.66 113.10 30
13 $-0.30x0.30 | 22,50 | 4.50 900 0.40 4.86 1.00 0.62 113.80 30
14 | 1035035 | 21.00 | 400 | 780 | 140 | 393 3.00 1.45 113.70 45 T5391ugTlns-Tno manseis 0.01AN32119

08



AT W.N. 1 (91'0) %gawamsmﬂaamm Dynamic Load Test

VALY

/4

A

Q.

Q, design

P
¥olnsamsg

. h S 43

55 L ' ey ¢ d 4 - " naslasems
oG (m.xm.) (m.) (tons) (cm.”) (m.) (tons) (mm./blow) | (ton-m.) (tons/AU) (ton/A1U)
15 1-0.35x0.35 24.00 5.20 860 0.80 4,95 250 205 201.00 50

vugamauming TnInndyna 0.5 WM 21
16 1-0.35x0.35 24.00 5.20 860 0.80 4.95 2.00 1.69 199,10 50
17 | $-0.26x0.26 | 24.50 | 5.00 676 050 | 3.97 1.00 1.16 127.50 30 Ty3guuazdninam UR-1 MOTOR SPORT | n.wsz3mi2

IMTHONNTITANDY 14 'Evuqmmnmf a.ngln
18 S-0.40x0.40 23.00 5.80 15571 0.90 8.67 2.00 1.55 224.60 80 . .
Iy
19 S-0.35x0.35 23.00 8.00 1,225 0.60 6.76 1.00 2.09 206.10 60
20 S-0.35x0.35 23.00 8.00 1,225 0.90 6.76 5.00 3.22 274.30 60
21 S-0.35x0.35 22.00 8.00 1,225 0.60 6.47 1.00 2:19 250.20 60
22 S-0.35x0.35 21.00 8.00 1,225 0.60 6.17 2.00 2.8 263.90 60
) BANGKOK WATER TREATMENT
23 S-0.35x0.35 21.00 8.00 1.225 0.70 6.17 1.00 2.56 291.10 60 STREICIED]
PLANT
24 $-0.35x0.35 | 21.00 | 8.00 1,225 0.90 6.17 2.50 3.86 339.50 60 . (Bangkhen)
AND RELATED WORKS PROJECT

25 S-0.35x0.35 23.00 8.00 1,225 0.70 6.76 2.00 2.56 237.90 60
26 S-0.35x0.35 23.00 8.00 1,225 0.90 6.76 490 2.98 224 .90 60
27 S-0.35x0.35 23.00 8.00 1,225 0.30 6.76 1.00 0.94 170.20 60
28 S-0.35x0.35 23.00 8.00 1,225 0.90 6.76 5.00 3.28 240.10 60

18




MW KA, 1 (D) TBYANAMINATOUUDY Dynamic Load Test

| wwaedn | g /8 A, h P S B 0, Q, design ¥oInsens R
35 2 : o ~ NAN IATINTG
°G (m.xm.) (m.) (tons) (em.”) (m.) (tons) (mm./blow) (ton-m.) (tons/A1U) (ton/®1)
29 | S-0.40x0.40 | 18.50 | 400 | 1,600 | 0.80 7410 3.00 2215 136.10 45
30 | S-0.40x0.40 | 18.50 | 400 | 1,600 | 1.00 { “7.10 5.00 1,67 127.40 45
3] S-0.40x0.40 | 18.50 | 400 | 1,600 | 0.80 7.10 5.00 0,96 123.20 45 R T 0. USNI I
YW, BUTUNT NIUAIGNUIYY .
32 S-0.40x0.40 | 18.50 | 4.00 1,600 1.00 7.10 5.00 1.73 128.20 45 PUU
33 | S-0.40x040 | 18.50 | 400 | 1,600 | 1001 7.10 6.00 1.56 117.50 45
34 | $-0.40x0.40 | 18.50 | 400 | 1,600 | 0801 7.10 4.00 161 131.30 45
JONSON&JONSON (SPORT HUANY
35 | S-0.35x0.35 | 24.00 | 450 | 1,225 | 040°1 7.06 2.00 0.85 128.40 40 :
COMPLEX) AANITLN
36 | S-0.35x0.35 | 24.00 | 400 | 1225 | 070 |~ 7.06 7.00 2.04 80.40 40 i Inoarysel Uszangiier 90
37 | S-0.40x0.40 | 21.00 | 800 | 1,600 | 0.80 8.06 2.00 2.55 226.40 80
38 | S-0.40x0.40 | 21.00 | 800 | 1,600 | 0.80 8.06 3.00 257 212.40 80
39 | S-0.40x0.40 | 21.00 | 800 | 1,600 | 050 | 8.06 14.00 1.87 81.90 80 WINBUT AR INuuvasundd 2.3undn
40 | S-0.40x0.40 | 21.00 | 800 | 1,600 | 0.80 8.06 8.00 1.81 133.90 80
41 | S-0.40x0.40 | 21.00 | 800 | 1,600 | 0.80 8.06 7.00 1.86 125.50 80

a8



A6 WD 1 (GI'EJ) ﬁl’l’mgawamsmaamm Dynamic Load Test

E woaedy | w, A(,7 h P Ly B Q",, Q,,deiign Folnsanis & Tnsane
o (m.xm.) (m.) | (tons) | (ecm.”) (m.) (tons) | (mm./blow) | (ton-m.) | (tons/AH) (ton/AU)
i
|42 | $040x0.40 | 21.00 8.00 1,600 | 0.50 8.06 9.00 1,18 101.70 80
43 S-0.40x0.40 | 21.00 | 8.00 1,600 | 0.80 8.06 1.00 1.56 205.50 80
44 | S-0.40x0.40 | 2i.00 | 800 | 1,600 | 080 | 8.06 2.00 1.98 201.00 80 WINYNTUNA INGUVATUNA n.5und
a3 S-0.40x0.40 | 21.00 | 8.00 1,600 | 0.50 8.06 3.00 0.70 114:90 80
46 | S-0.40x0.40 | 21.00 | 8.00 1,600 | 0.80 8.06 5.00 8 169.30 80
47 | S-0.45x0.45 | 2500 | 4.00 | 2,025 1.00-| 12.15 1.50 1.84 290.50 120
48 | S-0.45x0.45 | 29.00 | 4.00 | 2,025 1207 14.09 5.00 2.24 264.80 120 IFUNTaNEIE AVINTEIIW 2 WITIW 2
49 | S-0.45x0.45 | 25.00 | 4.00 | 2,025 100 | 12.15 2.00 1.30 278.00 120
50 | S-0.40x0.40 | 29.00 | 6.30 1,600 | 090 [~ 11.14 4.00 1.68 233.50 80
51 $-0.40x0.40 | 27.00 | 5.45 1,600 0.70 10.37 3.00 2.05 23590 80
52 | S-0.40x0.40 | 3825 | 4.00 1,600 120 | 14.69 5.00 1.88 20930 80 Tss0umavuead Ine 2 0.9004N39
53 S-0.40x0.40 ' 39.25 4.00 1,600 1.20 15.07 5.00 1.88 210.00 80
54 | S-0.40x0.40 | 32.00 | 6.30 1,600 | 070 | 12.29 1.50 1.40 240.90 80

£8



MIN AN 1(A0) T0yaHANITNATOUUDY Dynamic Load Test

VAU

A

Q, design

&
yolnsens

2 L W, 3 h P S B Q“y ., AdaTnsams
o (m.xm.) (m.) | (tons) | (ecm.”) (m.) (tons) | (mm./blow) | (ton-m.) | (tons/AU) (ton/AU)
55 S-0.40x0.40 28.00 5.45 1,600 0.90 10.75 3.00 i.73 225.90 80
L 56 S-0.40x0.40 28.00 6.45 1,600 0.90 10.75 4.00 2.82 27 1N0 80
: 57 S-0.40x0.40 | 43.00 | 5.68 1,600 1.30 16.51 8.00 327 225.40 80
58 S-0.40x0.40 | 28.00 | 5.20 1,600 0.90 10.75 3.00 1.20 208.70 80 Iiwm‘v!waaﬁ"lwu 2 D.RADINTY
59 S-0.40x0.40 26.25 6.45 1,600 0.70 10.08 3.00 2.39 255.60 80
60 S-0.40x0.40 41.00 4.00 1,600 1.20 15.74 5.00 235 209.20 80
61 S-0.40x0.40 30.00 5.50 1,600 1.50 11.52 2.50 2.57 29280 80
62 S-0.45x0.45 25.00 | 4.00 2,025 1.40 12.15 5.00 247 240.50 80
63 S-0.45x0.45 || 25.00 4,00 2,025 1.20 12.15 1.00 1.96 204.90 80
64 S-0.45x0.45 24.00 4.00 2,025 1.40 11.66 1.50 1.03 240.60 80
65 | S-0.45x0.45 | 24.00 | 400 | 2,025 | 140 | 11.66 3.00 0.69 148.50 80 AN3I0 SneTInaa ANz
66 S-0.40x0.40 23.00 4.00 i',600 0.90 8.83 3.00 1.87 202.60 65
67 S-0.45x0.45 24.00 4.00 2,025 1.00 11.66 2.00 1.89 200.50 80
68 S-0.40x0.40 23.00 4.00 1,600 0.80 8.83 1.00 1.42 187.20 65

V8



M W.N. 1 (Gl"e)) %’agawams‘ﬂﬂﬁamm Dynamic Load Test

|
| S| wwaedy | W, A, h P S B 0, Q, design ¥olnsans a2

g ] s ) hdalazans
’ °G (m.xm.) (m.) (tons) (ecm.”) (m.) (tons) (mm./blow) (ton-m.) (tons/M) (ton/fU)
l
69 | S-0.45x045 | 23.00 | 400 | 2,025 | 080 | 1148 150 181 220,00 80 A3 50 Sesiwan AANTE1
|70 | s-525x0.525 | 2400 | 9.50 | 2756 | 130171588 3.00 4.48 339,90 90 In3ams Yiudgeonudueu 0. wiBun31 nug
71| $0.26%0.26 | 19.00 | 4.00 676 050 | 3.08 0.50 0.48 109.10 30 GRERPL IV RN TG EL A 0.30178-
3 39d
| 72 | S035x035 | 19.00 | 400 | 1225 | /1207| 5.59 3.00 134 117.80 45 23N

73 $-0.35x0.35 | 28.00 | 4.00 1,225 1.00 8.23 3.00 1.78 191.00 75 OAA.MIAY LUy 0.0 uugu

74 | S-0.35x0.35 | 28.00 | 4.00 1,225 1.00 8.23 3.00 191 199.50 75

75 | S$-0.35x0.35 '| 28.00 | 4.00 1,225 1.00 8.23 3.00 1.80 198.00 75

76 | $-0.30x0.30 | 26.00 | 5.80 900 0.40 5.62 2.00 1.46 198.70 40

77 | S-0.30x0.30 | 26.00 | 5.80 900 0.60 5.62 2.00 1.50 194,30 40

78 | S$-0.22x0.22 | 26.00 | 4.00 484 0.40 3.02 1.00 0.58 72.70 20 .

el
AUiRNUazoUTIANLAZIL YUY Thu
79 | S-0.22x0.22 | 25.00 | 4.00 484 0.40 2.90 0.50 0.40 77.90 20 YU
ngoN

80 | S-0.40x0.40 | 25.00 | 4.00 1,600 1.00 9.60 1.00 1,54 22820 60

81 $-0.40x0.40 | 26.00 | 4.00 1,600 1.00 9.98 1.00 119 215.20 60

82 | S-0.40x0.40 | 25.00 | 4.00 1,600 1.00 9.60 2.00 1.40 210.50 60

c8



MIN AN 1 (ﬂ'i:)) %@gamamsmaawm Dynamic Load Test

d 3 &
g | ORI | g W, A, h P S B 0, Q. design | ¥olnsims 48 Tnmans
=] 2 . v v
4 (m.xm.) (m.) (tons) | (em.”) (m.) (tons) (mm/blow) | (ton-m.) (tons/AU)-| (ton/Mu)
°G
83 $-0.40x0.40 | 25.00 | 4.00 | 1,600 1.00 | 9.60 1.00 .80 234.50 60
84 $-0.18x0.18 | 26.00 | 400 | 324 0.30 4/ 112.02 1.00 031 54.90 15
85 S-0.18x0.18 26.00 | 4.00 324 0.30 2.02 1.00 037 58.20 15
36 S-0.26x0.26 25.00 | 4.00 676 0.60 4.06 1.00 0.53 102.20 25 N
oS
guidnuazeuswAnuazioITY Ty
87 $-0.26x0.26 | 26.00 | 400 | 676 0,600+ | 4.22 1.00 0.69 14380 25 STRELTR!
ngei
88 $-0.40x0.40 | 26.00 | 4.00 | 1,600 1.00 1998 1.00 119 207.40 60
89 S-0.30x0.30 26.00 | 4.00 900 0.70 5.62 2.00 1.02 180.90 40)
90 $-0.40x0.40 | 26.00 | 400 | 1,600 1.00 1998 1.00 1.43 228.40 60
91 $-0.30x0.30 | 26.00 | 400 | 900 070 562 1.00 0.87 175.00 40
92 S-0.18x0.18 | 19.00 | 320 | 324 0.30 . |.1.48 1.50 0.18 42.00 10 L BFOY LWYS
Tsesdaingunng -
93 | S-0.18x0.18 | 19.00 {350 |324 020 | 1.48 2.00 0.26 40,00 10 i
94 | S-0.40x0.40 |23.00 | 550 | 1,600 |080 |8.83 2,00 1.86 227.80 80 DIMINONNANTY 14 Fu pnasnsaiiar 2 | o.ngn'ln
Adv 4 -
95 |S-022x022 | 2200 | 530 | 484 040 | 256 | 2.00 1.22 102.20-" | 30 Tssanuneeniedn 1 0.szagiie

98




AMIIAN. 1 (D)

J83anamsNAABUYB Dynamic Load Test

| vl | | W A, h p g B Q. | Q,design ¥olnsanis as
§S _ . - y naslasins
°G (m.xm.) (m.) (tons) (em.”) (m.) (tons) (mm.blow) | (ton-m.) (tons/M) (ton/ai )
96 S-0.40x0.40 | 19.50 | 6.00 1,600 0.80 7.49 2.00 1.78 145.90 80
97 $-0.40x0.40 | 19.50 | 6.00 1,600 0.80 7.49 2.00 1.54 150,40 80
R B 0.29UNIU-
98 S-0.40x0.40 | 18.00 | 6.00 1,600 0.60 6.91 2.00 1.42 132.40 80 1AsIMs nonYaa . =
. IAUIBLUAS
99 $-0.40x0.40 | 18.00 | 6.00 1,600 0.60 6.91 2.00 T 1.32 124.00 80
100 | S-0.40x0.40 | 18.00 | 6.00 1,600 0.60 6.91 2.00 1.39 133.30 80
_ ) MIFNIAUMIN SRRy INIMNG ABUIETDY
101 | S-0.40x0.40 | 21.00 | 4.00 1,600 0.20 8.06 15.00 1.16 75.60 65 .
WWN"IHWW"H’Q“IG
102 l'035X035 2400 500 880 080 5.07 ]00 |.38 ]59.40 50 LYCEE FRANCAIS INTERNATIONAL DE 1] =
FEWYNA
103 | 1-0.35x0.35 | 24.00 | 5.00 880 090 1 5.07 1,00 11 168.90 50 SANGEOR THOTREY
104 1-0.35x0.35 | 26.00 | 5.04 880 0.80 5.49 1.00 1.18 186.80 50 0.500a
RCA SUITES 2 A
105 1-0.40x0.40 | 26.00 | 4.82 1,240 0.80 7.74 1.50 233 282.40 65 PABLIU
106 1-0.22x0.22 22.00 3.23 332 0.50 b 78 8.00 0.71 35.40 20 - . -
Twda wiu 0.5WBUNT
107 10.22x0.22 | 22.00 | 3.23 332 0.50 1.75 1.00 037 79.60 20
108 | 1-0.22x022 | 21.00 | 355 | 345 | 060 | 1.74 1.00 0.73 56.80 22 witugnITT VA

L8



MIN AN 1(A0) ToYAHANTNATOUYDY Dynamic Load Test

| wwamdn | | W A, h p S B Q, | O,design Folnsants a2
g i - , naslasanis
°G (m.xm.) (m.) (tons) (cm.”) (m.) (tons) (mm./blow) (ton-m.) (tons/MU) (ton/®1U)
l
109 1-0.22x0.22 | 21.00 | 3.55 345 0.70 .74 1,00 (0066 89.40 22 mjﬁ'mqmssm U LA
110 | 1-0.26x0.26 | 18.00 | 2.80 487 0.60 2.10 5.00 1.03 75.60 30
11 | 1-0.26x0.26 | 18.00 | 2.80 | 487 060" | 2.10 5.00 0.95 76.40 30 vy thuSeyds SRV LI
112 | 1-0.26x0.26 | 18.00 | 2.80 487 0.60 2.10 5.00 0.95 7730 30
113 | 1-0.35%035 | 20.00 | 5.35 808 0.60 3.88 1.50 1.43 159.80 50 , v
TIUNNDIAY 4 HU ¥10NYU 131
114 | 1-0.35x0.35 | 20.00 | 5.35 808 0.60 3.88 2.00 1.06 140.00 50
115 [-0.30x0.30 | 24.00 | 3.90 660 0.60 3.80 1.50 0.71 118.60 40 BITEC EXHIBION HALL ANNEX | UNH1-A319
116 | 1-0.30x030 | 24.00 | 390 | 660 | 060.{ 380 1.00 0.70 12290 40 PROJECT
oI TIyAAINsIALRINI TIRBAI TN 75, FUYS
117 | 1-0.30x0.30 | 21.00 | 4.00 660 0.30 3.33 0.50 116 158.80 35 g q
oty
118 | 110.22x022 | 23.50 | 350 | 393 | 0304222 1.00 0.56 90.90 25 TuT WA LN 9.5WA WM 100 | 0.q1fivia 3
119 | 1-0.22x0.22 | 23.50 | 3.50 393 0.30 2.22 1.00 0.64 94.40 25
120 | [-0.40x0.40 | 17.00 | 5.50 1,240 | 0.70 5.06 3.50 3.02 156.90 60 foadeoInsAueYsTue v,
p STREICHT!
121 | 140.40x0.40 | 17.00 | 550 | 1240 | 070 | 5.06 3.00 222 155.60 INRAIA NI

60

88



MIN AN, 1 (A2), ToyaHANTNATOUYDY Dynamic Load Test

| wwaedn |, | W A h p S B Q. | Q,design Folnsems "
' 2 . ) hdslnsans
°G (m.xm.) (m.) (tons) (ecm.”) (m.) (tons) (mm./blow) | (ton-m.) (tons/A1U) (ton/fu)
122 1-0.26x0.26 | 23.00 | 2.50 451 0.40 249 0.70 0.36 65.20 18 RIREREA] Uszgin Uszngiin ang
123 | 10.22x0.22 | 21.00 | 400 | 332 | 040/l 1.67 15.00 0.90 29.60 25 UIneauysel Uszagiia 90
124 | 1-0.26x0.26 | 22.00 | 4.60 485 045 | 2.56 3.00 1.05 99.00 35
125 | 1-0.26x0.26 | 22.00 | 4.60 485 045 | 2.56 3.00 0.94 100.20 35 gl ;

auHnFeunaan aUUAN
126 | 1-030x0.30 | 22.00 | 4.60 660 0.55..| 3.48 3.00 1.35 115.80 40
127 | 1-0.30x0.30 | 22.00 | 4.60 660 0.55" | 348 2.50 1,25 12440 40
128 | 1-0.26x0.26 | 22.00 | 3.57 | 485 0.70°| 2156 2.50 0.75 85.30 30 1n33M3 THE RIVER 0.3 YUAT
129 | 1-022x0.22 | 22.00 | 3.75 363 0.60 1.92 2.00 0.76 84.10 20
130 | 1-0.35x0.35 | 22.00 | 6.30 880 080 | 465 10.00 3.48 129.90 50 LT RPN IYRY D.WIZIW 4
131 | 1-0.35x0.35 | 19.50 | 6.80 880 0.8AN F42 4.00 1.83 13110 45 2 3

T530unats nesd ATz
132 | 1-0.35x0.35 | 19.50 | 6.80 880 0.70 | 412 1.00 2.29 161.10 45
133 | 1-0.40x0.40 | 21.50 | 597 | 1240 | 1.00 | 6.40 3.00 2.10 189.30 70

PG RAMA9 CONDOMINIUM ANTLIW 9

134 | 1-0.40x0.40 | 21.50 | 597 | 1240 | 080 | 6.40 2.00 1.66 191.20 70

68



MIN KA. 1 (A1) T03aHANITNATOUYDI Dynamic Load Test

e YA i W, A, h P -y B 0, Q design ¥olnsans a2
§S : . Y nflasims
°G (m.xm.) (m.) (tons) (ecm.”) (m.) (tons) (mm./blow) | (ton-m.) (tons/Au) (ton/e1u)
135 | 1-0.40x0.40 | 21.50 | 5.02 1,240 1.00 6.40 3.00 223 178.00 70 PG RAMA9 CONDOMINIUM DNITIIWY
136 | 1-0.30x0.30 | 25.00 | 5.00 602 0.50 3.61 2.00 1.03 107.10 35
137 | 1-0.30x0.30 | 25.00 | 5.00 602 0.50 3.61 1.00 0.74 101.90 35
UTI WAREHOUSE PROJECT D.UNUI-ATIA
138 | 1-0.30x0.30 | 25.00 | 5.00 602 0.50 361 1.50 113 127.40 35
139 | 1-0.30x0.30 | 25.00 | 5.00 602 0.70 3.61 2.00 119 120.20 35
140 | 1-0.22x0.22 | 21.00 | 3.20 363 0.40 1.83 11.00 0.88 37.00 14 fumgnu Tasens 27 A3z
141 1-0.40x0.40 | 25.00 | 4.75 1,240 1.00 7.44 3.00 2.00 193.00 75 " 3 ’ .
sy Inaudu 15 0.5y 1BY5
142 | 1-0.40x0.40 | 25.00 | 4.75 1,240 1.00 7.44 2.00 2.17 199.00 75
143 | 1-0.40x0.40 | 18.00 | 6.50 1,240 1.80 5.36 9.00 4.59 178.40 70
144 | 1-0.40x0.40 | 18.00 | 6.50 1,240 1.40 5.36 6.00 3.37 193.50 70
ol gl o %Y. INYTINYY
145 | 1-0.40x0.40 | 18.00 | 5.00 1,240 | 0.90 5.36 2.00 1.88 174.60 75 91A1INNDIAY 8 WU
101
146 | 1-0.40x0.40 | 18.00 | 5.00 1,240 1.20 5.36 5.00 2.06 149.20 75
147 | 1-0.40x0.40 | 18.00 | 5.00 1,240 1.20 5.36 4.00 2.69 151.10 75
148 | 1-0.40x0.40 | 2200 | 520 | 1240 | 1.00 | 6.55 1.00 1.96 178.00 50 oms ons fuinaudin Inofagdiound i | oy 81

06



L4

MIN W0, 1 (FD) To3aHAN1TNATDUVDY Dynamic Load Test

S awamdn | | W A, h p S B Q. | O,design Folnsans A
3
e (m.xm.) (m) | (tons) | (em.’) | (m) | (tons) | (mmsblow) | (ton-m.) | (tons/@%) | (ton/d) Tnsenis
149 [_035x035 2] 00 4 50 880 0 80 4 44 1 00 O 6l ]37 60 50 mmau?msua:u?uu 3 iu UN'ﬁ“U'lﬁUi'lUﬂ"llnN n.ﬂmhmu
150 | 1-022x0.22 | 25.00 | 370 | 38 | 030 4 2.32 0.50 0.55 §9.70 25 Tyiguuazguévimanmsgmlalodmuygd | osuni-
(Twigusundy aanszfa
151 | 10.26x0.26 | 25.00 | 3.80 489 060 | 2.93 1.50 077 112,00 30
152 | 1-030x0.30 | 25.00 | 4.00 660 060 | 3.96 2.00 0.92 131,70 35
153 1-0.22x0.22 21.00 2.50 345 .0.50 1.74 1.00 0.75 84.10 22 KRISADA GRAND CASTLE LAKE & PARK n.ﬁ1unﬁ1-
Tasams 39 unIYUAI
154 | 1-0.22x0.22 | 18.00 | 2.50 345 0.50 |- 1.49 1.00 0.77 77.60 8
155 | 1-022x0.22 | 20.00 | 2.00 332 040 | 1.59 0.50 0.40 67.00 25 1R33N GRAND CANAL 0.30170-
| 156 | 1022x0.22 | 2000 | 200 | 332 | 0407 1.59 0.50 0.42 70.00 25 ORI ANG HEn
13
| 157 | 1-0.35x0.35 | 28.00 | 5.40 781 0.50 | 5.25 1.00 1.49 186.60 55
s VU
158 | 1-0.35x0.35 | 28.00 | 5.40 781 050 | 525 1.00 1.76 173.50 55
AUCTION HALL /WAREHOUSE A9 N,
159 | 1-0.35x0.35 | 28.00 | 5.40 781 0.50 | 5.25 1.00 1.44 184.30 55 y
160 | 1-0.35x0.35 | 28.00 | 5.40 781 050 | 5.25 1:00 1,27 160.30 55
161 | 1-0.35x0.35 | 22.00 | 5.06 906 050 | 4.78 1.00 0.84 134.80 50 noad1eeIMsniuLINMI0Ins
e & PNYOY 9
162 | 1-0.26x026 | 22.00 | 506 | 469 050 | 2.48 1.00 0.84 102.70 30 WiaInIsuMINGIaY
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MANHIN V.
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NaMISAAS1IZHA VYL AN AUAUNUT

(Pearson's Correlation Coefficient, r)




MIN K. 1 ﬁuﬂszﬁwﬁﬁﬁﬁnﬁuﬁmauﬁaé’ﬁu (Pearson's Correlation Coefficient, r)

amen | whda | siwideud simvindy | sverond szzngadaves | mmdeusimin

(L) (A) (Wp) (Wr) (h) U (S) (Qu)
AU (L) 1.00 0.16 0.54 -0.05 0.23 -0.09 0.37
nihdn (A) 0.17 1.00 0.91 0.43 0.66 0.18 0.70
s (Wp) 0.54 0.92 1.00 0.32 0.67 0.14 0.74
ﬂymﬁfwiu (Wr) -0.05 0.43 0.32 1.00 0.16 0.13 0.54
20zUnAY (h) 0.23 0.66 0.67 016 1.00 0.15 0.59
sTEENIARVBAT T (S) -0.09 0.18 0.14 0.13 0.15 1.00 -0.17
MArdeuimin (Qu) 0.37 0.70 0.74 0.54 0.59 -0.17 1.00
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AN NAUIN A

M3HUIN A 1 ﬂ'1f‘i15@%’uﬁymﬁmmﬁuﬁ"lﬁ'mnqmsinq°lmgﬂ%'ay,aﬁauiﬂsaﬂiw
Uszamnowy (Training Set)

M3 HUIN A2 mﬁﬁﬁ’uﬁyniﬁf‘.mu%uﬁ"l@’fﬂmqmdnqlum%agamaau
1nswhnlseavifion (Testing Set)

' o a w :’ @ d Ay Y ’ 4 9 ¥
MINNUIN A3 MMa it uiui ldaingasaeg lugadoyailszond 19

Tassavszanifion (Application Set)




' o @ w :’ @ < . ' '
MIN WA 1 mhdsuihmdnmiiui ldangasenn lugadeyaaoulassiolszamifion (Training Set)

Ultimate Load (Qu) fu/fu

B wamendn W, |4, h P S N Modified
oG (m.xm.) (m.) (tons) | (em.”) (m.) (tons) | (mm./blow) Hiley "B Engineer Junbu Gates Danish
New
New

1 1-0.22x0.22 22.00 3.23 332.00 0.50 1.75 0.80 42.13 81.36 51.25 74.19 109.83 80.94
2 1-0.22x0.22 21.00 3.20 363.00 0.40 1.83 1.10 36.42 63.52 39.38 69.06 92.36 74.52
3 1-0.22x0.22 25.00 3.70 386.00 0.30 2.3 0.05 30.09 58.12 34.83 63.58 135.00 71.40
4 [-0.22x0.22 20.00 2.00 332.00 0.40 1.59 0.05 20.43 41.88 22.95 55.10 114.61 62.79
5 1-0.22x0.22 21.00 4.00 332.00 0.40 1.67 1.50 45.01 77.86 53.05 74.30 97.36 78.56
6 1-0.22x0.22 18.00 2.50 345.00 0.50 1.49 0.10 39.92 65.27 39.78 75.17 131.60 84.02
7 1-0.22x0.22 20.00 2.00 332.00 0.40 1,39 0.05 20.43 41.8% 22195 55.10 114.61 62.79
8 1-0.22x0.22 23.50 3.50 393.00 0.30 2.22 0.10 30.27 54.83 32,73 64.13 120.61 71.92
9 1-0.22x0.22 23.50 3.50 393.00 0.30 2.22 0.10 30.27 54.83 32.78 64.13 120.61 71.92
10 1-0.26x0.26 18.00 2.80 487.00 0.60 2.10 0.50 42.59 85.93 48.24 99.98 121.18 111.60
11 1-0.26x0.26 22.00 5.06 469.00 0.50 2.48 0.10 62.47 132.1 85.73 114.03 187.23 126.36
12 [-0.26x0.26 22.00 4.60 485.00 0.45 2.56 0.30 50.28 106.98 66.73 103.33 145.57 114.42
13 [-0.26x0.26 23.00 2.50 451.00 0.40 2.49 0.07 17.65 52.30 26.10 65.76 123.07 76.15
14 1-0.26x0.26 22.00 3.57 485.00 0.70 2.56 0.25 55.69 129.48 73.91 112.25 164.28 126.39
15 1-0.30x0.30 21.00 4.00 660.00 0.30 3.33 0.05 28.80 62.83 33.83 92.55 140.37 105.74
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' ' o v w o” o 4 ' ' -
MIN WA, 1 (He) Mmassmihmiinadui ldongasaen lugadeyaaeulassiwdszamifioy (Training Set)

VWAL UYL

Ultimate Load (Qu) fu/du

= L 4 ! h P S Modified

s > Engineer

°G (m.xm.) (m.) (tons) (cm.”) (m.) (tons) (mm./blow) Hiley Engineer Junbu Gates Danish

New
New

16 1-0.30x0.30 25.00 5.00 602.00 0.50 3.61 0.20 49.87 129.87 .93 117.48 169.62 132.49
17 1-0.35x0.35 28.00 5.40 781.00 0.50 5.25 0.10 47.18 140.99 71.8 129.11 193.41 149.20
18 1-0.35x0.35 26.00 5.04 880.00 0.80 5.49 0.10 80.19 210.55 100.93 172.18 236.36 200.99
19 1-0.35x0.35 28.00 5.40 781.00 0.50 5.25 0:10 47.18 140.99 7113 129.11 193.41 149.20
20 1-0.35x0.35 22.00 6.30 880.00 0.80 4.65 1.00 128.42 cLape b 142,33 208.60 186.49 230.90
2l [-0.35x0.35 21.00 4.00 780.00 1.40 3.93 0.30 121.71 28941 145.38 213.09 239.44 24542
22 [-0.35x0.35 28.00 5.40 781.00 0.50 5.2 0.10 47,18 140.99 713 129.11 193.41 149.20
23 [-0.35x0.35 28.00 5.40 781.00 0.50 R 0.10 47.18 140.99 7113 129.11 193.41 149.20
24 S-0.35x0.35 21.00 8.00 1225.00 0.70 6.17 0:10 212.90 292.43 162.25 273.54 278.55 310.73
25 1-0.40x0.40 26.00 4.82 1240.00 0.80 7.74 0.15 76.21 200.83 79.56 191.25 219.16 232.06
20 1-0.40x0.40 17.00 5.50 1240.00 0.70 5.06 0.35 136.47 198.45 102.60 246.44 193.98 280.39
27 [-0.40x0.40 21.50 5.97 1240.00 1.00 6.40 0.30 166.01 308.53 149.11 271.53 247.22 314.62
28 [-0.40x0.40 18.00 6.50 | 1240.00 1.80 5.36 0.90 397.90 586.47 317.83 417.34 289.55 468.12
29 1-0.40x0.40 17.00 5.50 1240.00 0.70 5.06 0.30 137.06 198.97 102.84 247.16 198.53 281.76
30 1-0.40x0.40 18.00 5.00 1240.00 1.20 5.36 0.40 189.80 308.48 149.16 295.82 237.24 341.45
31 1-0.40x0.40 18.00 6.50 | 1240.00 1.40 5.36 0.60 316.96 463.10 250.75 370.66 273.76 417.74
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1 1 o W W 2, Y 4 A 1 ' & e
M3 WA, 1 (#8) Mmdssuhmina i Idangasaie lugadoyaaeulnsaiwlszamifion (Training Set)

VALY

Ultimate Load (Qu) fu/fu

8 L | W | 4 h P s N Modified
oG (m.xm.) (m.) (tons) | (cm.”) (m.) (tons) | (mm./blow) Hiley TR Engineer bt Gates Danich
New
New

32 S-0.18x0.18 26.00 4.00 324.00 0.30 2.02 0:10 3532 62.66 40.27 59.93 128.94 66.48

33 S-0.18x0.18 26.00 4.00 324.00 0.30 2.02 0.10 3. 3 62.66 40.27 59.93 128.94 66.48

34 S-0.18x0.18 19.00 3.20 324.00 0.30 1.48 0.15 37.20 50.00 33.01 62.71 109.35 69.07

35 S-0.18x0.18 19.00 3.50 324.00 0.20 1.48 0.20 2%.71 36.36 24.62 53.50 89.76 58.51

36 $-0.22x0.22 26.00 4.00 484.00 0.40 3.02 0.10 40.84 83.55 46.75 82.70 148.89 93.79
37 S-0.22x0.22 25.00 4.00 484.00 0.40 2.90 0.05 42.94 83.77 47.57 84.74 162.08 96.01

38 S-0.26x0.26 26.50 4,18 676.00 0.80 4.30 0.10 77.36 174.62 85.92 136.85 215.25 158.96
39 S-0.26x0.26 23.50 4.50 676.00 0.40 3.81 0.05 50.10 94.24 50.37 108.37 L7494 124.06
40 $-0.26x0.26 27.50 4.18 676.00 0.70 4.46 0.10 64.55 152.79 73.98 125.23 201.35 145.92
41 S-0.26x0.26 19.00 4.00 676.00 0.50 3.08 0.05 68.49 104.71 58.12 127.87 181.21 145.40
42 S-0.26x0.26 24.00 3.08 676.00 0.50 3.89 0.10 35N 80.42 35.94 95.53 146.07 112.96
43 S-0.26x0.26 20.50 3.80 676.00 0.50 3. 38 0.05 5823 99.48 52.46 11891 176.62 136.44
44 S-0.26x0.26 16.00 3.08 676.00 0.40 2.60 0.80 43.56 62.07 33.32 102.44 95.93 112.76
45 S-0.30x0.30 26.00 5.80 900.00 0.60 5.62 0.20 88.86 180.78 91.38 162.67 200.13 187.37
46 $-0.30x0.30 26.00 4.00 900.00 0.70 5.62 0.20 60.04 145.45 61.74 140.68 179.51 167.79
47 S-0.35x0.35 28.00 4.00 1225.00 1.00 8.23 0.30 74.03 206.72 71.60 179.22 202.36 224.00
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v '
M3 WA, 1 (Re) Mdssuhmineuduildnngasaie luyadeyaneulnsolsyamifioy (Training Set)

VPIALA T

Ultimate Load (Qu) /A

5 L | W | 4 h P S : Modified
oG (m.xm.) (m.) (tons) | (em.?) (m.) (tons) | (mm./blow) Hiley Engineer Engineer St Ciaes Danish
New
New
48 S-.30x0.30 26.00 5.80 | 900.00 0.40 5.62 0.20 59.24 120.52 60.92 132.57 163.40 152.50
49 S-.35x0.35 28.00 4.00 1225.00 1.00 8.23 0.30 74.03 206.72 71.60 179.22 202.36 224.00
50 S-0.35x0.35 23.00 8.00 1225.00 0.70 6.76 0.20 189.39 290.91 1D 258.71 253.87 294.93
51 $-0.35x0.35 28.00 4,00 | 1225.00 1.00 8.23 0.30 74.03 206.72 71.60 179.22 202.36 224.00
52 S-0.40x0.40 26.25 6.45 1600.00 0.70 10.08 0.30 114.17 233.33 93.78 232.83 214.99 280.20
53 S-0.40x0.40 18.50 4.00 | 1600.00 0.80 7.10 0.40 98.50 164.52 61.81 226.55 173.25 274.94
54 S-0.40x0.40 39.25 4.00 | 1600.00 |.= 1.20 15.07 0.50 51.76 245.52 59.74 168.47 204.84 234.39
55 $-0.40x0.40 28.00 6.45 1600.00 0.90 10.75 0.40 133.60 298.46 115.99 253.03 233.35 306.57
56 S-0.40x0.40 43.00 5.68 1600.00 1.30 16.51 0.80 84.58 37192 105.71 209.35 234.82 275.64
57 S-0.40x0.40 32.00 6.20 | 1600.00 0.70 12.29 0.15 84.88 229.69 81.92 204.17 23438 254.23
58 $-0.40x0.40 29.00 6.30 | 1600.00 0.90 11.14 0.40 122.88 291.52 109.80 243.88 230.62 297.77
59 S-0.40x0.40 28.00 5.45 1600.00 0.90 10.75 0.30 103.79 253.49 89.88 228.10 224.09 283.28
60 S-0.40x0.40 27.00 5.45 1600.00 0.70 10.37 0.30 84.86 197.16 71.32 205.45 197.63 253.50
6l S-0.40x0.40 21.00 4,00 1600.00 0.20 8.06 1.50 18.93 38.93 13.69 87.17 68.84 101.06
62 S-0.40x0.40 30.00 5.50 1600.00 1.50 11.52 0.25 160.03 427.46 146.57 28491 298.50 358.06
63 S$-0.40x0.40 21.00 8.00 | 1600.00 0.80 8.06 0.30 23891 330.75 164.31 324.42 255.97 373.54
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' ' o v w :’ @ 3 A 1 ' = el
MIN WA, 1 (#1) Mmdssvhmidniaudui Idangasaie Tugadeyaaoulnssiiodszamifion (Training Set)

VAU

Ultimate Load (Qu) fu/du

.E L /8 A, h P S — Modified
oo (m.xm.) (m.) (tons) (cm. 2) (m.) (tons) (mm./blow) Hiley e Engineer It Gates Danish
New
New

64 $-0.40x0.40 28.00 5.20 | 1600.00 0.90 10.75 0.30 96.48 241.86 83.55 221.21 218.89 276.55
65 S-0.45x0.45 25.00 4.00 | 2025.00 1.00 12.1% 0.15 81.07 208.33 57.59 229.42 223.22 306.98
66 $-0.45x0.45 25.00 4.00 | 2025.00 1.40 12,15 0.50 109.97 286.45 79.27 266.33 221.25 353.3%
67 S-0.40x0.40 26.00 4.00 1600.00 1.00 9.98 0.10 7997 208.88 64.77 208.02 23542 269.31
68 S-0.40x0.40 25.00 4.00 | 1600.00 1.00 9.60 0.10 84.48 208.88 66.26 213.49 235.42 274.59
69 S-0.40x0.40 38.25 4.00 | 1600.00 1.20 14.69 0.50 53.74 245.52 60.67 171.57 204.84 237.34
70 S-0.40x0.40 41.00 4.00 | 1600.00 120 15.74 0.50 48.57 245.52 58.20 163.32 204.84 229,50
il S-0.40x0.40 18.00 6.00 1600.00 0.60 6.91 0.20 143.7% 187.01 87.39 259.82 203.55 302.89
12 S-0.40x0.40 18.50 4,00 | 1600.00 0.80 7.10 0.50 97.50 163.68 61.51 224.87 167.25 271.83
73 S-0.45x0.45 25.00 4.00 | 2025.00 1.00 12.15 0.20 80.70 20779 57.45 228.62 214.56 305.42
74 S-0.40x0.40 21.00 8.00 | 1600.00 0.50 8.06 1.40 b £ 195.60 97.49 239.61 156.01 264.98
75 $-0.45x0.45 24.00 4.00 | 2025.00 1.00 11.66 0.20 85.44 207.79 58.85 235.07 214.56 311.59
76 S-0.45x0.45 29.00 4.00 | 2025.00 1.20 14.09 0.50 76.60 24552 62.19 222.10 204.84 303.72
77 S-0.45x0.45 24.00 4.00 | 2025.00 1.40 11.66 0.15 120.19 291.67 82.59 279.59 264.11 371.50
78 S-0.45x0.45 24.00 4.00 | 2025.00 1.40 11.66 0.30 118.50 289.41 81.99 277.09 239.44 366.64
79 1-0.22x0.22 22.00 3.23 332.00 0.50 1.75 0.10 43.72 84.33 53.01 76.27 149.59 84.91
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' 1 o @ W °y @ < A 1 ' =
MIN KA. 1 (@0) MMassvihminaudui Idangasaen lugadeyaaeulnssielszamifion (Training Set)

&=

WAL Y

w

A

Ultimate Load (Qu) F/Au

2 L - ¢ h P S Modified

T 3 Engineer

o (m.xm.) (m.) (tons) | (em.”) (m.) (tons) | (mm./blow) Hiley Engineer Junbu Gates Danish

New
New

80 S-0.40x0.40 18.50 4.00 1600.00 1.00 7.10 0.50 121.87 204.60 76.89 252.40 186.99 305.74
81 S-0.40x0.40 18.50 4.00 1600.00 1.00 7.10 0.50 12087 204.60 76.89 252.40 186.99 305.74
82 S-0.45x0.45 23.00 4.00 2025.()(? 0.80 11,18 0.15 72.88 166.67 48.39 21691 199.65 285.54
83 1-0.26x0.26 18.00 2.80 487.00 0.60 2.10 0.50 42.59 85.93 48.24 99.98 121.18 111.60
84 S-0.40x0.40 26.00 4.00 1600.00 1.00 9.98 0.10 79.97 208.88 64.77 208.02 235.42 269.31
85 1-0.30x0.30 24.00 3.90 660.00 0.60 3.80 0.10 58.73 122.19 61.56 119.29 180.06 137.85
86 S-0.40x0.40 23.00 4.00 1600.00 0.80 8.83 0.10 75.86 167.10 5589 201.54 210.56 255.67
87 $-0.40x0.40 19.50 6.00 1600.00 0.80 7.49 0.20 173,58 24935 112.17 286.65 235.04 337.29
88 S-0.40x0.40 20.00 4.00 1600.00 1.00 9.98 0:10 79.97 208.88 64.77 208.02 23542 26931
89 S-0.45x0.45 25.00 4.00 2025.00 1,20 RS 0.10 9773 250:65 69.27 252.35 257.89 338.32
90 S-0.35x0.35 23.00 3.00 1225.00 0.30 6.76 0.10 81.81 125.33 67.06 169.69 182.35 193.72
91 $-0.40x0.40 25.00 4.00 1600.00 1.00 9.60 0.20 83.78 207.79 65.93 21223 214.56 272.10
92 S-0.40x0.40 21.00 8.00 1600.00 0.80 8.06 0.10 243.49 334.20 165.92 327.44 297.78 379.45
93 $-0.30x0.30 22.50 4.50 900.00 0.40 4.86 0.10 61.86 93.99 45.24 124.86 ]57.92 145.39
94 1-0.40x0.40 22.00 5.20 1240.00 1.00 6.55 0.10 133.54 271.54 121.59 248.75 268.42 294.29
95 [-0.35x0.35 24.00 5.00 880.00 0.80 5.07 0.10 87.77 208.88 103.44 179.60 235.42 208.31

86



I

' 1 o W w cy v 4 a ' 1 =] -
MIN WA, 1 (Fe) Mdassvimineudui ldonngasaen lugadeyaaoulnssiiolszamiion (Training Set)

Ultimate Load (Qu) ﬁu/é’fu

o g

I el B S O h P S : Modified

= : 2 s e Engineer

°G (m.xm.) (m.) (tons) | (em.”) (m.) (tons) (mm./blow) Hiley Engineer Junby Gates Danish

New
New

96 [-0.35x0.35 19.50 6.80 880.00 0.70 4.12 0.10 150.94 248.56 150.67 225.14 256.81 252.06
97 1-0.35x0.35 24.00 5.00 880.00 0.90 5.07 0.10 98.74 234.99 116.37 190.53 249.70 221.03
98 S-.525x0.525 24.00 9.50 2756.25 1.30 15.88 0.30 430.51 638.24 247.64 525.58 355.57 638.80
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1o v W o” Y <4 ' 1 =1
M3, .2 msassmhmineduildnngasaieg lugadoyanadeyTasiiwlszamiion (Testing Set)

VIR

Ultimate Load (Qu) fu/éu

b L W, A, h P 5 . Modified
oG (m.xm.) (m.) (tons) | (em.”) (m.) (tons)” [ (mm./blow) Hiley PN Engineer Junbu Gates Danish
New
New

| 1-0.22x0.22 21.00 2.50 345.00 0.50 1.74 0.10 33.51 65.27 37.67 69.01 131.60 77.84
2 1-0.22x0.22 22.00 3.75 363.00 0.60 1.92 0.20 67.43 116.88 74.88 94.12 160.92 104.23
3 1-0.26x0.26 22.00 4,60 485.00 0.45 2.56 0.30 50.28 106.98 66.73 103.33 145.57 114.42
- 1-0.26x0.26 18.00 2.80 487.00 0.60 20 0.50 42.59 85.93 48.24 99.98 121.18 111.60
5 1-0.30x0.30 22.00 4.60 660.00 0.55 3.48 0.25 60,05 131.09 73.29 131.09 165.30 147.96
6 1-0.30x0.30 24.00 3.90 660.00 0.60 3.80 0.15 46.92 121.88 61.41 119.01 170.73 137.31
7 [-0.30x0.30 25.00 5.00 602.00 0.50 3.61 0:10 50.09 130.55 74.29 117.95 186.11 133.43
8 1-0.35x0.35 21.00 4.50 880.00 0.80 4.44 0.10 89.06 187.99 94.26 182.48 223.34 211.07
9 S-0.35x0.35 22.00 8.00 | 1225.00 0.60 6.47 0:10 148.16 250.65 136.55 246.58 257.89 280.95
10 1-0.35x0.35 20.00 5.35 808.00 0.60 3.88 0.15 85.69 167.19 95.03 172.58 199.96 194.85
11 1-0.40x0.40 .| 25.00 475 | 1240.00 1.00 7.44 0.30 97.20 245.37 98.49 215.71 220.47 259.98
12 1-0.40x0.40 25.00 4.75 | 1240.00 1.00 7.44 0.20 97.83 246.65 98.97 216.69 233.76 261.89
e 13 $-0.22x0.22 22.00 5.30 484.00 0.40 2.56 0.20 YIS 110.13 71.80 105.63 156.20 116.55
14 S-0.26x0.26 25.00 4,00 676.00 0.60 4.06 0.10 58.63 125.33 62.06 119.41 182.35 138.46
15 S-0.26x0.26 26.00 4.00 676.00 0.60 4.22 0.10 55.78 125.33 60.98 116.71 182.35 135.79
16 $-0.26x0.26 24.50 3.79 676.00 0.50 3.97 0.15 46.22 98.70 48.15 106.53 153.64 123.61
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v '
MIN A, A, 2 (A) Midssuihminadun ldnngasdang lugadeyanaceuInsetodssammiioy (Testing Set)

]

VAU

4

A

Ultimate Load (Qu) /Ay

2 L r ¢ h P S — Moditied
°c (m.xm.) (m.) (tons) | (cm.”) (m.) (tons) | (mm./blow) Hiley S Engineer Juribu Gates Danish
New

‘; New

LT $-0.30x0.30 26.00 4.00 900.00 0.70 5.62 0:10 60.43 146.21 62.04 14136 196.96 169.15
18 $-0.30x0.30 25.00 4.18 900.00 0.80 5.40 0.40 76,18 171.93 76.10 156.87 177.11 184.45
19 S-0.30x0.30 21.00 3.79 900.00 0.70 4.54 0.50 71.45 135.70 62.34 152.18 152.29 176.50
20 $-0.35x0.35 21.00 8.00 | 1225.00 0.90 6:17 0:25 270.26 373.06 207.09 308.58 278.85 349.23
21 S-0.35x0.35 19.00 4.00 | 1225.00 1.20 5.59 0.30 127.89 248.06 105.61 250.15 221.67 297.15
22 S-0.35x0.35 23.00 8.00 | 1225.00 0.90 6.76 0.50 205.01 368.29 197.31 290.48 250.87 328.85
23 §-0.35x0.35 23.00 8.00 | 1225.00 0.60 6.76 0.10 140.41 250.65 134.12 240.42 257.89 274.83
24 $-0.35x0.35 21.00 8.00 | 1225.00 0.60 6.17 0.20 155.47 249.35 138.39 252.01 235.04 285.23
25 S-0.40x0.40 23.00 5.80 | 1571.00 0.90 8.67 0.20 130.50 pr 111.48 267.82 245.11 321.68
26 $-0.40x0.40 18.50 4.00 | 1600.00 0.80 7.10 0.30 §7.42 165.37 62.11 228.23 181.00 278.13
27 S-0.40x0.40 25.00 4.00 | 1600.00 1.00 9.60 0.10 74.0C 208.88 66.26 213.49 23542 274.59
28 $-0.40x0.40 21.00 8.00 | 1600.00 0.80 8.06 0:20 211353 33247 165.11 325.93 271.40 376.47
29 S-0.40x0.40 21.00 8.00 | 1600.00 0.80 8.06 0.70 203.08 324.05 161.18 318.47 223.72 362.27
30 S-0.40x0.40 21.00 8.00 | 1600.00 0.80 8.06 0.80 201.47 322.42 160.42 317.00 218.64 359.55
31 S-0.40x0.40 21.00 8.00 | 1600.00 | 0.80 8.06 0.20 211.53 332.47 165.11 325.93 271.40 376.47
32 $-0.40x0.40 23.00 4.00 | 1600.00 0.90 8.83 0.30 73.61 186.05 61.93 211.10 191.98 266.00

101



1 o v W :l o 4 o 1 ' "
MK, A3 mindsuhmdngudui ldonngasang lugadeyatszyndldnssiwdseamiion (Application Set)

Ultimate Load (Qu) fu/du
.:é v L w, A, h P S N Modified
oG (m.xm.) (m.) (tons) | (cm.%) (m.) (tons) | (mm./blow) Hiley R g Engineer Junbu Gates Danish
New
New
| 1-0.22x0.22 21.00 3.95 345.00 0.70 1.74 0:10 74.93 129.84 84.25 99.28 185.61 110.05
2 1-0.22x0.22 21.00 3.55 345.00 0.60 1.74 0.10 64.22 111.29 72.21 91 .89. 171.84 101.83
3 1-0.26x0.26 25.00 3.80 489.00 0.60 2.93 0.15 45.12 118.75 65.89 100.91 168.52 114.51
4 1-0.30x0.30 25.00 5.00 602.00 0.70 3.61 0.20 69.82 181.82 103.50 139.17 200.70 157.11
5 1-0.30x0.30 25.00 4.00 660.00 0.60 3.96 0.20 46.12 124.68 62.41 117.71 166.20 135.79
6 1-0.30x0.30 '| 22.00 4.60 660.00 0.55 3.48 0.30 59.89 130.75 73.42 130.79 160.94 147.38
7 1-0.30x0.30 25.00 5.00 602.00 0.50 3.6l 0.15 49.98 130.21 74.11 117.71 176.47 132.96
& 1-0.35x0.35 19.50 6.80 880.00 0.80 4.12 0.40 169.19 279.69 169.71 238.06 225.90 264.35
9 1-0.35x0.35 24.00 5.20 860.00 0.80 4.95 0.20 78.28 216.10 110.01 181.30 218.81 208.64
10 1-0.35x0.35 20.00 5.35 808.00 0.60 3.88 0.20 73.36 166.75 94.80 172.18 192.21 194.06
11 [-0.35x0.35 24.00 5.20 860.00 0.80 4.95 0.25 78.10 215.54 109.74 180.95 211.96 207.95
12 1-0.35x0.35 22.00 5.06 906.00 0.50 4.78 0:10 5423 132.11 67.45 152.04 187.23 175.16
13 1-0.40x0.40 18.00 5.00 | 1240.00 0.90 5.36 0.20 126.90 238777 112.96 258.18 227.58 299.55
14 1-0.40x0.40 21.50 5.97 1240.00 0.80 6.40 0.20 117.26 248.10 119.87 243.65 23445 282.92
15 1-0.40x0.40 21.50 5.02 1240.00 1.00 6.40 0.30 112.84 259.38 115.52 24457 226.68 287.92
16 1-0.40x0.40 18.00 5.00 | 1240.00 1.20 5.36 0.50 165.57 306.91 148.44 294.47 229.02 338.88
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M3 W, 7.3 (#e) midssuhwinauiuildangasdren lugadoyadszynd 14 Taswiiodszamifion (Application Set)

TR RIL e

-

Ultimate Load (Qu) fu/Au

= I W, A, h P S Modified

& s ‘ Engineer

o (m.xm.) (m.) (tons) | (em.”) (m.) (tons) | (mm./blow) Hiley Engineer Junibu Gates Danish

New
New

17 $-0.26x0.26 24.50 5.00 676.00 0.50 3.97 0.10 55.09 130.55 71.60 12543 186.11 142.76
18 $-0.30x0.30 22.50 3.70 900.00 0.50 4.86 0.30 38.29 95.61 41.96 122.6? 137.62 144.35
19 S-0.40x0.40 | 18.50 4.00 | 1600.00 1.00 7.10 0.60 120:65 203.56 76.52 250.74 181.50 302.65
20 $-0.30x0.30 24.00 3.70 900.00 0.70 5.18 0.20 49.57 134.55 57,17 140.74‘. 172.65 167.75
21 S-0.30x0.30 22.00 3.08 900.00 0.70 4.75 0.80 40.65 108.61 44.02 127.68 126.90 150.55
22 S-0.35x0.35 24.00 4.50 | 1225.00 0.40 7.06 0.20 37.87 93.51 37.51 134.54 143.93 162.03
23 S-0.35x0.35 24.00 4.00 | 1225.00 0.70 7.06 0.70 53.58 141.77 53.54 160.85 147.98 193.69
24 $-0.35x0.35 23.00 8.00 | 1225.00 0.90 6.76 0.49 205.15 368.47 197.41 290.59 251.69 329.05
25 $-0.35x0.35 23.00 8.00 | 1225.00 0.90 6.76 0.50 205.01 368.29 197.31 290.48 250.87 328.85
26 S-0.40x0.40 23.00 5.50 | 1609.00 0.80 8.83 0.20 107.92 22857 90.55 245.79 225.03 297.56
27 S-0.40x0.40 21.00 8.00 | 1600.00 0.50 8.06 0.90 124.93 200.50 99.79 246.71 169.30 R71.22
28 S-0.40x0.40 21.00 8.00 | 1600.00 0.50 8.06 0.30 13142 206.72 102.69 255.54 202.36 293.50
29 S-0.40x0.40 21.00 8.00 | 1600.00 0.80 8.06 0.50 206.38 327.37 162.73 321.43 236.53 367.82
30 S-0.40x0.40 19.50 6.00 | 1600.00 0.80 7.49 0.20 ToL.21 249.35 172,17 286.65 235.04 33729
31 S-0.40x0.40 18.00 6.00 | 1600.00 0.60 6.91 0.20 126.14 187.01 87.39 259.82 203.55 302.89
32 S-0.40x0.40 18.00 6.00 | 1600.00 0.60 6.91 0.20 126.14 187.01 87.39 259.82 203.55 302.89
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Prediction Ultimate Load for Driven Piles in Bangkok Subsoil 2008

=
1. Neazdsavealisunsy
Tisunsw Prediction Ultimate Load for Driven Pile In Bangkok is Subsoil 2008114

Hq ¥ o @ VY o @ w o’ a [~ q‘: a & 9
I'lJillﬂiU“i‘l‘ﬁ"ﬂ51“”5Wfﬂﬂimﬂ’]ﬂ]a\'ﬁUu]ﬂuﬂ‘llf]ﬂﬂ'lﬂlllﬁﬂﬂ‘lu%UﬂUﬂEQW\W"‘ "]5\31‘"

v
' o a o o a < 5

HANATOUMMAIVTNIMINYOUANINLIVY Dynamic Load Test unldiifugmudoya Taold

] =) c; o
Tasavwilszamiion (Artificial Neural Networks: ANN) mlszgnavuTisunsu MATLAB
= Y @ Y I~ Ay P Y °y Y <
Fa1l3znouadv Input 6 Aals laud Aueruandu (L), #uiinida (A), Wiy

v '
(W), vihmindu (W,), szozondy (h) unzazozniadd (S) da Tusunsuilanyaza

JUN a1

PPy 78
L ARG

2 sovumatul oy roes

Neural network structure and database

Prediction Parameters

Forthe best resullin prediction
All values should be in range

Pile Length :
Cross-Section Area : i m*2

PileWeight: © | Tons.

Hammer Weight . s Tons.

Hammer Drop : | cm.

Pile Settiements - Ultimate Load (Qu) -|

3N w.a. 1 wanandhaa lalsunsy
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2. ijﬁamsﬁﬂ%&;nﬁz‘li’fnuﬂsznaué’m
1. gunssimsiadanerl¥Tisunsa Prediction Ultimate Load for Driven Pile In
Bangkok is Subsoil 2008
1.1 CPU: Pentium I 150 Athlon
1.2 Windows 2000 ©58 Windows XP
1.3 Hard disk space: 3.0GB (f‘im%”nmsﬁﬂéfﬂﬂmmu MATLAB)
1.4 Ram: 512 MB
1.5 1151053 Microsoft Office Access 2003

1.6 11J51n33 MATLAB 7.1 %301 Neural Toolbox

2. Tunoun3anndllsuns Prediction Ultimate Load for Driven Pile In Bangkok is
Subsoil 2008

2.1 finaslilsuniy MATLAB 7.1 2303 a3naunaaas niz l¥au

2.2°90 Prediction Ultimate Load for Driven Pile In Bangkok is Subsoil

< K A AL 9
2008 11111 Disk :DW3® Disk DU7MUABINIT

3 %umums‘]ﬁﬂsumu Prediction Ultimate Load for Driven Pile in Bangkok is
Subsoeil 2008
3. sugndh Tsinsy MATLAB
3.2 l‘i’l‘ﬂﬂﬁ Command Windows 11a2t91 11)8ia directory ﬁgﬁu"lﬂﬁu Disk Vitﬁn

Piaudio 2.2 nansldawg il wa. 2




“z: l\’“ f: l To get started, select NATLAB Help or Demos from the Help menu.

>>

r&d Lor Uriven Pii

d Tentings\¥ar’ Deskoopl Fusd

3.3 1d00 My Computer =>Disk:D W30 Disk 51!“]-“—> Prediction
Ultimate Load for Driven Pile In Bangkok is Subsoil 2008 HaInan OK [QRFY]

= A o v ¥
21.]71 W33 mmaaﬂgmﬂayauﬂ‘mm

o= ‘e

|8 Shoricuds 2] How o Add ] Vubet's New -

Help or Demos from the Help menu.

# % Local Disk (C:)
= % Deta (D:)

3% ma. 3 naaanihamisison Tsunsu g
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a d i 4 A o :; v b4 P~
3.4 WuW ANN 190 Enter ivoi3on Isunsnvuanldan vansldamgili

HA. 4

§ - maTLAB Vi e
‘i B o (BB P curenDredoy oﬁéa:&aa@qdmt&&i&nm:”wgsi&;ﬁ
] How o Add 7] What's New :

31 Command Window

To get scarted, select MATLAB Help or Demos from the Help menu.

>> ANN

i

:  Currert Directory Workspace |

w4 naaandhdaimaGon llsunsy e

3.5 anvazmannuyeslsunsulassnwdssamimonazuiinis 14avuesn
18ty 3 dondianyazagy
1.AUYDINTG Training 19599 101)52 Moy (Update and Train Network)
2. daumatloudoyarindr Inssviorlssamidion (Prediction Parameters)
3. @IUMINAAIHANN IA59U el enel (Prediction Result) a3

dldmugin wa. s
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i ultimate load

|
1

[g

7 koad network.

Prediction Parameters Prediction Result

Forthe best result in prediction

All values should be in range

[Min, Max]

# Cross-Sectid a. o
Pile Weight : §W B

Hammer Weight : jLUFredittien, | lgsiResel:

Harmmer Drop oom.

Pite Settlerents mm. ns./Pile

TS LOAD

I

]
]

Using only in Ultimate Load for Driven Pile Prediction

3 w.ass naasmhisams I auveaudaznszuauns

swazpsave s v llsunsulas wimlszammie

1. @IUYeIM3 Training Insavrwn)sza e (Update and Train Network)
Tusunsuvzdoaiims Training Yoyanou itoaouli Tusunsuoudan Neural Network
139910 Train 159042 AIZAIIDNING Testing H30 Simulate AN Prediction 14 Ty

woda Tsunsuinaiansn M1daluins Training Tsunsy deeliviins Training NOU 1Ay

Update and train network. .. ] i e ;
RSPRCHRAENN udve lavihan Tusunsuludivves

Tadndith [

M5 Training MUFUN W.9.6



Training neural networks

Selectdalabasetman]

; Hidden Layer and node 30,1
‘x Transfer function of hidden Layer : 1

Transfer function of output Layer : tansig

i
]
‘g Training function : traingd

Epoch : 3000}
Goal 1+ -_(‘J_ e
Learning rate:- - 0.005, i
R il il J

_Neural network Performance |
MAPE : % '

Ultimate Load (Qu) £
RMSE | s & 9hs ’|

! ¥ 3 '
31N W4 6 naRIne 1IN s UIUNIs a9 1A

M1A19YDINTS Training 321)352n0UR0 2 dIU Ao
1 2= < a U vV Vo 5
1 @UY03 Training Neural Network 8511e1fumslyanldwail

1.1 M3i5ondoyayn Train 1115101 9901)52 amifioy

& 1
[Selectdatabase ".mdﬂ |

..... §

Wuamves
- v v a ° B L -~ ' d o ¥ a d Y 2
Msaen 193 10 Poyan 9211 Training lnssvieszamionlassondeyaimiu131u File
g . !
VY93 Microsoft Access M1 1311 Folder Data => Open => Train Ultimate Load ANN.mdb =>
. s Vs Sk = 'Y vq Yo
Open => 1574 Ultimate Load NMz11gn52119UM3 Training Mz w.9.7 uadming 145
: 2 ~ o . ; : LAY &
voyagaluiieinnldnuiannsahinsdnasn Filevp Microsoft Access LAIG 150 File
' ° . a o a ,
Imilaolvganmssmuazinveanis ey File wunansonlasugadoyalunis Train
Tassvodszaminen1d WuvuveIms el .. 8, w9 Wedenuda Tilsunsuazi

misanadegudeyalilaul¥ oLEDB lumsaane
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P 2 ' Y < Qy - 9 .9 ' 99 ¥ o @ R U
11193 Train uAaz Inssada@sadu aziinihnownglahimsiuinm
[ I3 4 = o b dy <
Weight 1azf Bias Taog 15aansofmuasovealnssad1an1avinig Train tifn'l3
9y

= . ' o < Pt va ¥ ¥~
IWSIERLIUMNS Train udazaTu@NIOINUHAYEL Isaar g 131Fau1d Tavezgn

iSunANT ANN 113 Load network... @'l

Transfer function of hi

Look in: | £3 Dat - rle®crE

i

]

| i
F Transfer function of 0 - y (
2 application Ultimate Load ANN =
b Train| 2WTest Ultimate Load ANN

| {2H Total Data Ultimate Load ANN

|1 ; :

i i ; Reset default—]

"i Lq )

| oL V= ‘
1 Neural netww e name:  [Train Ulimate Load ANN | Open I
Files of type: f’.mdb 3 Cancel

T SRR -AL

a Y 4 v '
gﬂ‘n H.3. 7 Llﬁﬂﬂﬁu1ﬂ1ﬂﬂ§$1JQUﬂ1ﬁﬁi'\ﬂiﬂii‘lﬂﬂ




Kl Microsoft Access

&% Train Ultim

E Hrawwlwpsasoanuuu
Z  swewiastédmsing
'a Hwarwiaonmwiloudaya

e Load

i
2 5
3 H0.22x0 22 25.00 366.00 232 3m 000 50 8970 =
4 H.2:0.2 DY N L E200, 1L 159 20050 (s N 0.00) L0y | 7000
15 H202 2100 | Loy~ 332000\ 167 400 4000 15.00 280
6 H0.22x022 ¢ 18 00° 34500 149 250 5000 100 7760
7 +0.22x0 22 20,00 it 2200700 159, 2.0; 2 40.00; / 50 67.00
8 H0 22x0. 22 2350 B Q\\ gy 350 30 : 100 %0 %
9 H 2022 2350 393.00 22 350, 30,00 i.00 94 40
10 +0.26x0. 26 18.00 A0\ 7Y | 26 280 £0.00 500 7640
“n H.26x0.26 2200 46900 248 ) X VA 5000, A 102.70
412 %6026 200 48500 256 460 4500 300 99,00
13 +0 26x00 26 2300 451.00 249 250 40,00 70 6520
e 0 26x0 26 200.<, 48500 256 357 L0 g 250 85 30
15 10 30x0.30 2100 68000 33 400 ¢ 000, 50 158 80
16 +0.30x0 30 2500 602.00 361 500 50,00 200 107.10
17 +0 35x0 35 .00 78100 525 540 50 00 100 17350
18 10 35x0 35 2600 86000 : 549' 504 80 00 100 186 B0
19 +0 3540 35 2800 78100 52 540 50.00 100 186 60
20 +0.35x0 35 200 830 00 485 630 6000 1000 1299
21 10 35x0 25 2100 78000 393 400 140,00 300 1870
2 0 35x0.35 2800 781.00 52 540 50.00 1.00 18430
n N R0 e R nn 781 N €5 £ n anmn 1N wn Ny
smm: (1) ¢ | T U] 2w 58
Aiund

: ' .
3UN wa. 9 namamhamsinudeyavaalisunsy

v
1.2 MIMNUUAIIUIUY Layer 1182 Node 11%U Hidden

Hidden Layer and node * 5,501 laCreate. ] [aacbien ]

WU INYINIIMHUATINIY Hidden layer 112 $11494 Node Y04 Hidden layer ua

° o) v I a,
111491 Node ¥93 Output layer laviiguuumsiloudoyaaail

® Node Hidden layer, Node Hidden layer, ...., Node Output layer :
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UNAIDEIUFUADINSA313 2 Hidden layer a0l Hidden layer 1 1811491 Node 11y

5 1Az Hidden layer 2 191194 Node 13]1 5 11a2 Output layer 3181174 Node 1114 1

b4
'

zaoaldaaiife s, 5, lmﬂuummmmsnﬂﬂu

A4 oy
Y IWBAIN Layer e

¥
' = b4
Node Vuaudrdminiilymlumsnsendoyasznaldanuannsatongidan

TsunsunGonldlidnyazawgy

§ nétwéi‘ks" Nodahﬁ;idm fayert , Node hidden layer2 , Node hidden layer3 , Node oulput layer

P G § Status
fnode : ((10?) [ B Credle [ hew |
i1 aver 1 & tans:u - ! | Set j

Example if you need set 3 hidden layer each layer have node amourt at hidden layer 1 = 30

node hidden layer 2 = 10 , node hidden layer 3 = 5 and node output layer = 1

E4
nmsiruanuaiavesdoyauaa

Transfer function of hidden Layer - EEiEae

v
1.3 M3INIYUATransfer Function 1191 Hidden

Transfer function of hidden Layer : 'i Z :
PO | i

tansig

logysiy

purelin

3 ' Yo . ' 3 =1

AudIuueIms MM UA Transfer function Y9 aAaz Hidden layer Tﬂfmg‘llmﬁﬁl?)ﬂ

. : 4 v '

Fransfer Function 3 31t augdmn diaidenldmudesmsdesnallu Setnn
o ¥ o ' A S 5 i ~ ! P '

AT3 MINLNINAIT | FUFUDUIAABITNINGRMUA Transfer Function 1AINATJ3

Y 1 a
Set AUIFUNU

v
1.4 MIMyUATransfer Function 1191 Output

Transfer function of output Layer : tansig «1 Set

| logsig
- | purelin

o ' Yo Y A A oA Y 9
WU IuveIns INMKMUA Transfer function Y94 Output layer tUBLIADNLAIADINIG

4
MruadeInally Set NNA5
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1.5 M3MMUATransfer Function 14521 Insaedsyamnomiudivvesns s mua
v .
Training function Y835z VUMIMBAMBIADNZUNUUMSEouiTums15uaA1 Weight uaz Bias

A A Yy ¥ ° v g &
lu@lﬁﬂmm?ﬂENﬂ‘liﬂ'lH‘UﬂﬂfNﬂﬂl!ll Set ‘Y!ﬂﬂ'i\‘l

Training function : [ETIIEE - |

traingd
traingdm

Goal : |traingda

Learning rate - h’“w

trainbr
trainrp

Epoch

(3 - ' = [~/ ]
1.6 M3M1UA Epoch, Goal, Learning rate Tuszuv Iasavioyseammouiludivveanis 19

MruA
Epoch;’i ?_0?
Goal:?u WN'I“'_OBT;
Learning rate 0005

v 1 v

"  Epoch Apdnuisugegalumsisuanimminuazanivauuil9ly

13 training

A S 9 A = ar v
" Goal fief Error Niooigaiveusila
"  Learning rate A0 A19A3INI53013 3L FI0N515Y weight 12 Bias
¥
Tiilszansnimuniu

L7 naaanavosmsnmuaguuuyaoilesns sy Tassiolsgamnes

Have 2 hidden layer
Hidden layer 1 = tansig
Hidden layer 2 = tansig

1.8 191N U5 Training Tnsethelszamiton

A Yo v ] A . e |
Jdilddmua Parameter A5ULLAY WD Training Insevn
a & o =l Y ¥ o o ¥ ¥ v & ¥
ﬂizm‘nmuu "‘lNi%‘U‘Ui]&i‘Ynﬂﬁ!iU‘HEﬂ’J'IlIﬂJJWUﬁ“UBQ%ﬂQﬂHﬂuﬁxWﬁﬁWﬁ%1f’l‘1]'ﬂy,ﬁﬂﬁ

Sou uaadldagi w10
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bt ) ; A ]
31’“ M4, 10 llﬂﬂ\iﬁu']ﬁ'laﬂ’]ilﬂ“ﬂlayﬁ‘uBQIﬂillﬂiu

z =1 — o R ¥V AN v =R ' = % '
“1ﬂuuIﬂillﬂiuﬂﬂ:ﬂ’]ﬂ'ﬂﬁﬂﬂﬂ]iUumﬂiﬂi@ﬁs1\3”58‘1}1‘“’!nﬂ1 Weight 1lag Bias ¥9diinag

. : - ’ d'
Insaiioinge hinwgUil we il

Save network

Save in: | 23 weight 10

File name: i L__S_a_ve—]
Save as pe: [MAT files (" mat) =] Corcel |

a Y 3y
g . 11 naaanhaumsiiudeyavedilsunsy
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; Resetdefault | . s 2
e ity 1119ABIN3 TrainInsiolmintloudeyalminmualag

v ' v
GsuduhmwdIui 1 lmiiamue
1 a ¥ v Vo d"
2. @3UY03 Neural Network Performancedsinen)umsiyaulansii
iludveInsHaRIM Error 910gA3 MAPE 110z RMSE Tatiiie1n1s Train
v
w3 wdamiivzgnA i uazuaaIHaBeNU

Neural network Performance

MAPE LT o g
Ultirate Load {Qu) : 00

RMSE. Tons.

Vv .
AUAANTZUIUMS Train HAINATY Close 1NOBOANINATLVIUMS Train 1n39910
Uszanminey
1 v o v ! o s e
2. aaumsilowdoymininlassneszamifion (Prediction Parameters) -
4 1 < A
nmisnsendoyaduie15lunsmaaenTusunsulasselszamion faomim
| ¥ 3 N v
Tsiinsudy ANN nidwsafis s niues dai ldnain131de 1013 Train fou iile

[ o > =3 o '
1éna1A359918910015 Train 1A2 $19251013 Testing 180997 1M5 Load Tnsatindnnuenly

Load network..

Tsunsuldanulassiiniug Tavsuzdedlilnay [ ATk
Trnaao1 1339107 18 Train 130 1800 13 lunszuaums Traintdmnldamlunmsnagen

2
U

* Prediction Parameters
- stresultinprediction
Allvalues should be intange

W‘n’. Max]

- pilg Length=  16-m  [16.00,4300]
Cross-Seclion Area : j ___3‘35‘ m*2. [3242756]
~ Pile Weight: ? ‘ o 2I Tons, [1.47712512)
= s
Hammer Drop: { 100 om. [20480]

Pile Settlemerits - "2 mm. [050.15.00]

ey <4 wa x o do Y85y 4
udnsondoyanuaniivesaduunzaumuiavesiluiuiinnlFoudesldmang e

£ z ’ J 4 ' ' — Vv ° a c: -
naaoulvnsui 6 Awmazunazmdesnglurnideyasmuaiingiu Tilsunsuez o udou

hhildasunie ligndoaluudazdeya nazes hiswnulidld binsuawli na. 12
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. Undate and train network .. ]

Load network.. —}

Prediction Result

For the best result in prediction |
All values should be inrange E

[Miny, Max)
Pile Length : | 200 m.  [15,43)

Cross-Section Area : mt2. [3242756.25

PileWeight . Tone. [14816.51] =
HammerWeight: ! Tons. [293] N oolice:. 3 Sabsat. |
Harnmer Drop AW/ {20,180} : P
Pile Settlements © - mm_ [05,15] Ultimate Load (Qu) - fons.JPile
? Using only in Ultunate Load for Dnven Plle Pre(ilctmn i About o Exit program

e e e e e T R R e

P o | % <3 £534 g
U w12 uamanihaamsinudeyaves Tl sunsy

3. umsuaninannInsnsszamimen (Prediction Result)
2 vy ¥ do 5 ' s v ° i
iielaveyansuudl Aimsmadeulaonailu Prediction 1141 11/51n5159291M15 Simulate
A1 1A59910 Neural Network 115118 Load Network 19111 181 105991092 0a9anam i85
:I @ v . Ay L 139 ¥ ' Y o A v o
11in 11999 Ultimate Load (Qu) tiiodoams Tdm Insin1inailu Reset udaiimaiindui

v v .
AU 2 Tninanuaaugii mas




Prediction Result

Prediction ]‘ Reset J

Ultimate Load (Qu)-| 123.13] TonsPile

P Y
3UN w13 waaamthmsransnadovvealisunsy

Exit prograrm J“ < .
L (PR Wlsuasunes@ndiigiu

A4 g ) '
wennsmsoonn llsunsunaiy

Mu3UN W.e. 14

Prediction Result

For th= best result in prediction
All values should be in range
[Min, Max] 3
Pile Length - 33 m (1643 I
Cross-3ection Area : 450 mr2. [324,275629] |
Pile Weight . 18 Tons [1481651) §
Hammer Weight 3" Tons 1285) SRR o % o !
LeaBedion. | LuBesets
Hammer Drop 30 o [20,180]
Piie Setlements fi mm. [05,15] . Utimate Load (Qu) 32.92 Tons fPile

3 w4 14 naaaniiaemaanl9anuves Tsunsy
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- ¢
Nﬁu.l‘lﬂuﬂﬁ'ﬂﬂ]ﬂiﬂl'ﬂﬂs‘lizﬂll

1. Tsunsu926911015 Load Network neufiszinmstloudoyaninluiins Load

3 : o =3 ] o ' 4 dy v
andmin Tlsunsunee biawsofvuaa Min, Max yuin 14w

¥ o

B Y ' ' ~ = v =) A
2. *uanan'lﬂr'lumswmnsmmawgiumms:umsuug WUADINTUAD

nsdinladoya lieglugas [Min, Max] nien3efloudoyaliasuia 6 Jedvszuussiims

5 ]

woundeyadulnuiviameldedemugl ra. 15, 1. 16

%gh@ﬁwrg}lmmﬁh Load fur Orean Plle In Bangfualk bs Sufsed
RUOE]

For the bestresult in prediction
All values should be in range

i, Max]
Pile Lengt 1% m,  p6a3 !
2; Cross-Section Area m*2, [323.2756.25] i
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