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Piyawat Boonlertnirun : MACHINE LEARNING BASED APPROACHES FOR
ULTIMATE COMPRESSION CAPACITY PREDICTION OF CONCRETE FILL
DOUBLE SKIN STEEL TUBE COLUMNS (CFDST). Advisor: Assoc. Prof.
SAWEKCHAI TANGARAMVONG

This paper presents the machine learning-based methods that construct
the accurate model prediction for the maximum compression capacity responses of
concrete filled double skin steel tube (CFDST) columns under uniaxial compression
forces. The so-called surrogate-assisted model is generated from the set of training
data collected from available experimental results. The dataset is classified into two
classes, namely the behaviors of short (section failure) and long (member failure)
CFDST columns. Two machine learning, including gaussian process regression (GPR)
and extreme gradient boosting (XGBoost), methods are encoded in this study. The
input data considers geometry (i.e., external and internal diameters/thicknesses of
steel tubes, and column length) and material properties (concrete compressive
strength, and yield strengths of external/internal steel tubes) of the columns. The
output data is the maximum compression capacity of the CFDST columns. The total
training datasets comprise of 122 data from the short column tests and 181 data
from the long column tests. The surrogate-assisted models determine the accurate
uniaxial compression strengths for both short and long CFDST columns, where the
good comparisons with relevant standard design specifications are evidenced. Both
long and short columns responses given by the XGboost model are more accurate

than those performed by the GPR approach.
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(Pu)Eca = fsyoAso + fcAc + fsyiAsi (12)

el Ng uay Ne fe MeAnaalednInANunIveIRIdulasswinviemanuazaouna

wazAwInlaanaunIs (13,14)

n, = 0.25(3+2X) < 1.0 (13)

n, =49 — 1851+ 1722 > 0 (14)

Yaue?l A awnsaruadldannaunisi (15) Pcr Auiaiannaunis (17) wag Eleff A1uiuann

auns (18) Tnedi Ke = 0.6



(15)

A_ _ Ppl,Rd

Fer

Ppl,Rd = f:?yoAso + 0-85fc’Ac + fsyiAsi (16)
P — ﬂZ(EI)eff (17)

cr (KL)Z
Elerr = Esolso + KcEemle + Egils; (18)
0 = 0.5[1+ a(A —o2) + A?] (19)
(20)

X = A <1
b+ 9 -2

#&99nleAT Pu 1nn38N 1 wag 2 iiinsnsiaaeudn ¥ winen Y dAteenin 1 i

msaauan Pu ild Y ududssdntiliesninamiuvejnesan

nsvieidennsaieliealaenisiteuivaaniad
= v ' . . a a ¢ g v
N13t58U3v89LAT 84 (Machine learning) A® AI1NAIUNTAVBIABUNIUADT T LY

a I Y o U ¢ ) | v = = v A Y x>
AMAAENTUIATINANUAUNUTVDIRLUTA 4 ﬁ]qﬂﬁﬂsﬂ@%aWIﬂUﬂqiLﬁﬂuzLW@ﬂiqﬂ‘Wﬂﬂﬂju

a

lun1svhung nsiseuiveanIas (Machine learning) fivangdanesiunldlunisiseus lne

£
= Y a =

wiazdane3nuaziiventaidownnaneiuluduiurinvesteya Inenuideilazlddaneiiiy

o v a 2/

GPR way XGBoost LﬁaamﬂLﬁué’aﬂa%ﬁmﬁiﬁammmuLiaugﬁaaLLaz”Lﬁmmeajushgq an

Y

1%
CYCY)

Mdsanunsaasidunaninnududeuresyntoyainiilas

L a . .
2aNdINU Gaussian Processes Regression
¢ . I a % al a
N5LUIUNITENEAREY (Gaussian Processes) LUuﬂWiLiEJ‘UEGUENLﬂi@\‘lLL'U‘Uﬂ’]ﬂﬂiﬂ‘V]
Seuslameiataenisdulueadia (Probabilistic Supervised Machine Leaming) fignld

N1998 19U NTUa I UIIUAIUNTZUIUNITOANRE (Regression) azn1339tun (Classification)
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¢ . . ° ° Ao v
ASLUIUNITONNBYLNAYU (Gaussian Processes Regression) asadruvinlaenain g
dmsumshueginyhausiueesiua (Kemel Equation) dmiunsiseuinsvinuves

6 . o < [ dgl} a I3 1
NILUINETEU (Gaussian Processes) SUTUABIMIIUNUFIUNAUAAIEAT 1YW N15UIN

wasUnAnatefaus (Multivariate Normal Distribution) gansiaesiua (Kerel Equation)

WANN15Y19IU Gaussian Processes Regression

Tunszuiunsanney auybidu Heidu f Aldunanyadeoya (Dataset) D Fufud
nszvun1sannesIniiunisasiliiduinaenndesiuynvestoyanlvu sgnslshnuilsidu
- Yy o P = I~ v fou = aa
naennsesiuyadeyaaunsalinudululanateiliiduisanusansivaeulalaeiifiveanis
wankasUnAnaedawls (MVN : Multivariate Normal Distribution) agiduneiius Tunis

asnansonnasluwaanuisaasielaainaunisi (20)

P(f|X)=N(f|uK) (20)

510 X = [ Xy Xg0m X 1, F = AKX, = T mn(X),om(X,) T ke K; = k(X,X) Tagi
X fio gadoya m Ao Aedevesileidu uay K Ao inefuailaidy dmsuaunsinediuaiild

[y

Tua3del Ae Rational Quadratic @u15aAUIULAINALNNST (21)

d(xi, x))%\ (21)
K(Xi,Xj) =1 +Tl2

dmsunshuneyateyalmitzdesiveyaniesnisiweilusiluaunisn 20 Tnensly

Joint Distribution vesayarndu f wag Yeyanlivitung f. Genunsavilalagaunis (22)

lf] N( m(x)] lK K*D (22)
f m(x)]’ K] K.
19 K = KXX), Ke = KOXX) 188 Ke = KX, Xs) hagAnaae ( m(X),m(Xs) ety 0 g

ANU10ANUINAT i LAlAsENNT (23)

flf. X, X.~N (KT'Kf,K,, — KTK™'K,) (23)
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Tupnuduass ldanunsanaglailenduas@edndudesdinmsiiududsniSenin e
5UNU (Noisy) LilBAIUANNIINTENAIVDIRIATY N155UNIMNATEU (Gaussian noise)

0.2 dietinsmivaumsililunisimedoyalmiazldfsauntsi 20)

y K +02l K, (24)
(f*)NN (O’ KT KD

° o = ° Y ! ° 1 a'
dwsuaunsnitlunsvinnedeyalund awnsadualdanaunisi (25)

f.X,y.X.~N(f.,cov(f.) (25)

ilo ﬁ ey cov(f*) annsadunildainaunisi (26) uay (27)
f.= KT[K +c21]™ 'y (26)
cov(f.) = K., — KI'[K + o217 'K, (27)

ganasfiu Extreme Gradient Boosting

lonA3uNSIABUYARS ( XGBoost : Extreme Gradient Boosting ) 1usane3fiunns
SoudveadesifeusgannlunuigateyaiousiifuusdassAfmuadududounazdl
awnsathunaidlunaildlunisviuieldedrausuglnsldsuruyadeyalsinin Tne
Sane3fiutenmunsiAouyais (XGBoost) gnitmutnanAnsifeuyaRs ( GBM : Gradient

Boosting )
[ o = ¢ a
BRANNTININIUY Laﬂﬁlillﬂ']'il,ﬂﬂuy,ﬂﬂ\'i XGBoost

NaNN1591191UV8Y XGBoost As nisas1esuldindulanedunalsdu lnsunazauay
ISgu3NNIRANAA (Residual) vewulidndulaneuni Inemsasierulddnaulasslden
. = J 1 a <) 6 = (% a
Gain Feausaaiuiadlaannaunisi (30) Wuinasilunisiden Root ASLNUAINT 5 1ag
Learning rate Al4WINAY 0.2 Y AvAMd8UIN1895ULTI8AYRLLaT CFDST wag ) Ao
Regularization Wun1s1iwmesntieana Residual vessuliddndulaunaziu wielulalung

AANNLLENTULazann1siia Over fitting 1a
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Residual = y — p; (28)

(Sum of Residuals)? (29)

Number of Residuals + y

Similarity Score =

Gain = Z Similarity Score of leaf G0
— Similarity of Root

y + (learning Rate) X '/-\'

+ (learning Rate) X

JUI 5 ununINNI 5919714989 XGBoost

NTIANAAIULUUEL
o 1 o U ‘NI ¥ o o U o 1
NMFIAANULNUEIANAIINASYINIUNEAAIS ULSIOATDET CFDST vaaimazluing
wldAduUsEansandunus (R% Coefficient of determination) ANAANALAG BUATR @B
(MSE : Mean Square Error) 5101@849A1AA1ALAA 0UN18 4809128 8 (RMSE : Root Mean
Square Error) ﬁmmmﬂﬁaué’ugiaﬁaﬁa (MAD : Mean Absolute Deviation) #38 (MAE :

Mean Absolute Error) faii@unisnal

NG —yi)? (31)
év=1(yi - :)_])2

R* = 100x( 1 —
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1 ! N2 (32)
MSE = gz. 1(371' — i)
1=

! (33)

RMSE = N i —y)?

N
VAE or MAD — 2=t = Vil )
N

lagd
Vi fio Tayaa1nnIvnaedas
!/ 1 o
y; Ao nmsiuelasluing

Ao ANRRYYBITOYAIINNTNAFBUITS

y
N fg dwuyateya

4 ¥ o
nsassgadayaainnisdnaadiaelilusunsu

2V

Tunslinnsseudvenasesdndusedddayalunisseudainnismageusss wieldlu
nsafsluealilaanuwiuglnadumanissudivdnatveaa wilunsaiveyanily
isnasanisiniy dudusedinsadndeyaiiudy lneluawidederldlusunsy Abaqus
lun1sasrswvudnaeanissudmmidnvesar CFOST lasluuniazyadanisaianisal

[ V4 £% a = < a va o
ANUFUNUSAMUAULATAILATEATRIABUNI kAN Wi aldlunsssunmanTATanly

TUsunsy @usedeuisnis n1saeAnazesulesaluuni 3
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N13AAN1TAIANFUNUSAMULAULELAIUATEAYDITEN

ABUNIA

mufng1aNdnedy weAnssuvesnaunInvean CFDST axdidnumeidu Confined
Concrete vilnounsmanusasuiivinldunnniamdsunfiuuu Unconfined Concrete
uagdanudusiugszminsanuAulazaaaioadasui 6 lunisdassmgAngsunsiu
dhmifnveaar CFDST Tulusunsa Abaqus asdasldainudunazainuaisavesian
dwsuneuninfidu Confined Concrete anunsaaianisalmdsldainnistiaueves
Mander JB 1928 Taed@sfmualiingn D/t, frtiosniimsewindu 150 peuninasiidnyay

.U Confined Concrete fdagegnves Confined Concrete %38 . aunsad wInlaain

dUN1591 35 lae?l . ADMassuLIIwaveInaun3n Cylinder 1 28 TU VUENIANULASEATBY

Confined Concrete w30 €. aunsafwiadldainaunisf 36 lnedl €. AonnunSenves

ABUNIAUNALIALINAU 0.003 ANULIRIFIUN ACI

fee = fc’ + kifi (35)

05 =

€ . llg. €

U 6 WSguiigun13mInnIsaln1a9suusieneq Confined Concrete Uag Unconfined

Concrete
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YL k1 way k2 TAyInAU 4.1 way 20.4 TlngnT5L@uaYad Richart 1928 d@1u f1 As kIanu
futnanlsanvawdnaluisawiseandu 2 nsallaeAuildnuanni1sn 37 wag 38 Laue
Iag Hu HT 2003 Tnefl D/t, fAedasdiussninuduiigudnaniuanuvuviamansauuen

A o v v

fi,o AOMAITULTIATINVDWIDIANTOUUEN

ASEIT 1 21.7 < D, < 47

D, (37)
£, = f£3,0[0.043646 — 0.000832 (t—)]
(0]
ASEIT 2 47 < D/t, < 150
D
£, = £,,0[0.006421 — 0.000357 (—0)] 9

(0]

91N3UN 6 wNUIMGANTIU Confined Concrete anunsauuseanidu 3 dau lnsdiun 1
S8n91 danadnluu (Elastic Region) lngaaiAuazagsening 0 fs 0.5f, Fegniaualng Hu
HT 2003 laeiAd1uwAsgnvggnAwInlaY 0.5f/Ecc Ecc Aalugaaninudnne uued

Confined Concrete &vanunsaAwanilaanaunisi 39 a1nu1nsgiu AC

E,. = 4700/f.. (39)

] v 1 a a U a B! 7 = a I 1
dmiudiud 2 Fendndunarafnlou (Inelastic Region) §9A11ULATHATLRY TENT 19
0.5f./Ecc fiu €, wazAULALTBY Confined Concrete Tagaunsaa1wIadlaaInaunisi

40 91nN15LAUDVRN Saenz 1964

E. £ (40)
1 cc
fl= 2 3

1+(R+RE—2)(g_i)_(2R_1)(£i) +R(E_ic)

cc

lne? € Aonuasenlurisnnadinley (nelastic Region) R way Re Wuduusyansanunse
[J ¥ d‘ o b4 a0 | %
Analaanaunisn 41 waz 42 il Re uay R, dawindu 4 a1nnisiausves Hu

ag Schnobrich
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_Rg(R;—1) 1 (41)
-~ (Re—=1?%  R¢
R. — Ecc€ce (42)
g fec

dwsudiud 3 Judwniduiuanas (Descending region) Ferua3envzegszning € ¢
du 11&, wazanuAugaineasdanvindu rkf, 9ann1siauslag Hu laefl k3 awise

AUILPNNANNIST 43 haz 44 Tae? r iAwindu 1 wls fc dA1dasnin 125 MPa waziian

Wiy 0.5 1o Fc fifunndn 125 MPa 91nA1stauave Ellobody uaz Young 2006
ASEIT 1 21.7 < DA, < 47

k; =1 (43)
ASEIT 2 47 < D/t, < 150

D D (44)
ks = 0'0000339(1:_0)2 — 0.0100085 (t_o) + 1.3491
0]

(0]

defuusIfganveInaunInausaAwIlARINaNNs (45) MusnIgu

fe = 0.62y/f, (45)

<
Lhign

WoRANNTIUNMITULTIRBIMAnaNIsaglaangud 3 Tunisdrassmginssunissu
Wrmiinuagial CFDST Tulusunsy Abaqus 9gAoaldA1AIULAULAZAIIUATEAYRIT A0
WULREINUABUNTA A8 Han kag Huo 2003 laldualsn1saminnisalnnudunusseningmany

LﬁuLLazmmLﬂ%ammﬂﬁwé’mﬁﬂmaqLﬁﬁﬂﬁﬂLLaWQIugﬂﬁ 7 Faa1unsawuseants 2 du
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___==F,0.01E

Ey €

JUi 7 WSHUTIEUNITAINNITAIN 18IS UNTIAIYDUYAN

1 -dl a 1 1 a a ¥ 1 1 = a 1
duil 1 15endn diudanadin mnaAuazegsening 0 8 f, LavAun3endzet
sewine 0 s €, Tnemldiann fy/Es uay Es Ao danadnlugdaveananiAwiiiu 210000

Mpa anuauludiutianunsadnulaainaunisy 46

0, = Eg&; (46)

1 d‘ al 1 ! a a 1 U = ¥
A3UN 2 138ATT @IUNATERN AIUATUAITBYTEIRING Esy 89 0.03 LagANUAUIL
9g5enina fy AU 0} NAaAIeamiafiu 0.03 Tugdanataindaviniu 0.01E, lngAdnuiay

Tuarutlausamuinlaainaunisn 47

0; = fy + Ep(& — &sy) @



uni 3
52 08ulsIe

a1

lunisasraluwmanldviiungMassunsidnvaaan CFDST lagdsn1sisousvauased
(Machine learning) s1ndusisssiuniutdeyariiobidane3fiuldidous Inedeyailauiainug

nsnaaeudsdtuefntazIINNTTaadlaglilusunsy Abaqus dmsuianianuay CFOST N3

UszanaufaaiunssdnvesanTuaguUsanansned 2

_——fc" at 28 day ( Cylinder )

Thickness of intemal steel tube
fy Intemal steel tube

fy Extemal steel tube——

. N Internal Dia.
Thickness of external steel tubei

External Dia.

U7 8 uamanymmisingy CFOST

AN ILARIALU AN EITDIIUNITIUIEAIFISULSIOAVDLAT CFDST

AUIAY In-put WUy Unit
wusugudnanesauwen (Ext Dia : External Diameter) mm
AMUNUIVRLUANTOUUBN (Ext t : Thickness of external steel tube) | mm
MdasunsensInveandnsauuen ( fy : External steel tube) MPa
Mdssunsesaveneundnil 28 Su (fc’ : at 28 day Cylinder ) MPa

s ueugnatsseuly (nt Dia : Internal Diameter) mm
AnuvuIveanransaulu (Int t : Thickness of internal steel tube) mm
Mdasunssnsinveandnseulu (fy : External steel tube) MPa
AUgaaT (h - Column High) mm
FuUsnu Out-put e Unit
ANAITULTIOAUDLET CFDST kN

§71519 2 bandsamUsAg19a9lUnISYIIUIEAIAITULSIERYaNa) CFDST
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N1SUUAIANAAIYRIABUNTA

TumsmusadeyaiililunisilniuanaAdeaninlan fuusvesusazyateya
Usgnoulufemiefiunnsineiu neudanldauiintunisiioudveandssdndudosuuaei
Toglusunuuidatiufansed 2 dmfureuninanunsadauuadlasnmsgaseduussans

AIMN9199 3 TRD199991N U8V [3]

979997 3 dutszansTunisutasiaineunSaugasyuInlia
Mole Size (mm) Factor
100 0.80
150 0.80
Cube

200 0.83

300 0.90

Dia150*300 1.00

Cylinder Dia100*200 0.97
Dia200*500 1.05

nsaslumadmIuueiassuLenvean CFDST azuutoandu 2 luna fio
Tuwatadutazlumaias 1WenngAnIsun1ssuintnuazdnwazn I UALANAAY
= v 1 £ o Yoo LY < ] 1 [ k% ¥ Ql'
Jnpsvadeyanlddmivdndulunaesnidu 2 druduiu fyadeyaniuiainuanis
nagauluedndliiemelunisflnduluina Sndudesasrsyadoyasinnisdiaedag

Computer Software laglusuideilagldlusinsuy Abaqus asinanluluunig 2

AsIUNLEFULAZIE1819LE CFDST dusudasnslana

N o

A1UE1IVBUANTNAR BN ANTTUNITTUUIMUN Laduazlanwaen15IUARUUNY
\H9991nMawesian vaeiianeniseiinannauveganigtesrihlin sididunuunis

Inaang dmsuiananuan CFDST agldr1dnsidiumnuvega Slendermess ratio tUwinau

Tuniswusandukaziasn Inediauniseng (48)
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Le (48)

J174

TneLa1duA Slenderness Radio fA1Ua8NI1 22 Ualeiitanen Slenderness Radio

Slenderness Ratio =

FANNINNIT 22 INANSEUDVRY [4]

dayaannni1sdnaaslaglusinsu Abaqus

v
=

N1SAATNUFIY

N391804A8lUTHNTUALAALUAIAINILE) AILIUIFBBY Zhong Tao Tul 2013 uag
Hassanein 11 2014 TnsutanstugUlunasenidu 4 dau fio viewdnduuen viowdndu
Tu druiifureunin wasdunkumandmsunagaen é’ﬂgﬂﬁ 8 TnefvunAndulseansunse
FUAnusEinaRwiemanuazAsunalAMYINA Y 0.3 sunswuziived Hassanein Wa
fauslinounsnuwazuiy Plate 1y Master vausfiviowandy Slave wazuunvuiawa
Wiy 50 Taawms legldwaytis C3D4 (The three dimensional, four node , linear
tetrahedron solid element) Tughuidunounsauaslfiuaedn 3 (The three node
triangular, general-purpose, finite member strain shell element) IuéauﬁLﬂuViaLwﬁﬂLLaz
uWy Plate Tudruresiienaundnasimunlifiu Deformable Solid Element dauviawdn
Avualildu Deformable Shell Element wagiauwan Plate 1Ju Rigid Shell Element

(% = < _ 3 1 |
ANWUYNITUANYUILLIUULUY Pinned Support MNEIUULLAZETS

- Top and Bottom plate
External steel Concrete Internal steel tube

Rigid shell
tube Deformation solid Deformation shell ,
Mesh size 50 mm
Deformation shell ~ Mesh size 50 mm Mesh size 50 mm Mesh 8203
Mesh size 50 mm Mesh type C3D4 Mesh type S3
Mesh type S3

JUT 9 Uansvdniuauas yLIAIaYeUIasa 1UYsENaY
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Initial : Pinned support U1=U2=U3=0

Step : Pinned support U1=U2=U3=0, @2 =
0

At middle of bottom plate

Initial : Pinned support U1=U2=U3=0
Step : Pinned support U1=U2=U3=0
At middle of bottom plate

FUT 10 uanianuuznI58n3I9e9n1355095ULTINAET CFDST

N1siUAAENURER

9

ANUSUADUNITH

lunsivuanuaudinsuninaunuIkiuazldindy 2.4e-9 N/mm?® laiden

Mechanical wag Concrete damage plasticity lugas Plasticity agfiviunasnge famngiei

a
Plasticity Properties @1%13U ABUQUS
Dilation Angle 20
Eccentricity 0.1
Fbo/fco 1.16
K 0.667
Viscosity parameter 0

#7599 4 Plasticity properties §1%5U abaqus
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lutoe Compressive Behavior 28@a3A11IauAT Inelastic Strain wag Yield Strength 971019
mANsaINgRNTINANAALLAEANIASERYaIRBunTalaeYldmLuNT 2 uaztihAnALLFY
LarAINLLASEAG us15 udnYaenanainunldludes Compressive Behavior Tae Inelastic
Strain Aalldananuaiealag lutisainausennueien o gevnefiiudaain
(Maximum Elastic Strain) @3ulutos Tensile Behavior agldan ft Ssanunsauiadldan

dunns 45 asluges Yield Strength wag Checking Strain Aruanlaan ft/Ecc
° [ <
dmiuwman
Tunisimuaauaudfvesnanaunuisyuazldivindu 7.8e-9 N/mm? laeiden

Mechanical wagtdan Elastic 57U090590A1INAISAIANISUAINUAUNUS ANULA ULAY

ANMULASYATIANNTOANLIULANAUNISN 47 AARNEIUIUUNT 2
25015 Simulation 1ag Abaqus

I9991NLEANTH89N1591899 A5 UL A ulaed anwazazidunisivanuulng

W12 (Buckling) N139188992131u9INN1358519 Step 7t Buckle Wiamsuwuunisinunie

3

lagAmuauss 1 N N9adudnanaveuny plate AuUwiNen usanvilvilia 1 st Eigen
Value Force a1u3U# 11 naanyuazly Step Riks static 1 @¥1A15AALUUTIABILAN
CFDST e iaesunsedngianedal Ineimuausinaiaugnasvesuiy plate Wiy

W39 1 st Eigen Value Force wazld Imperfection Scale winfiu L/1000

JUI 11 uansanwalzn133Uiveua) CFDST
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S, Mises
SNEG, (fraction = -1.0)
(Avg: 75%)

+4.181€+02
+3 02

LPF

Arc Length

Nu = Max.LPF x 1° eigenvalue

Material Properties

Fyo = 418 Mpa
poasEs Fyi = 418 Mpa

f'c = 24.64 Mpa

Y 0ODB: Job-3.0db Abaqus/Standard 2020 Sat Aug 19 14:58:06 SE Asia Stanff

| Step: Step-1
z Increment  61: ArcLength = 2.772

Primary Var: S, Mises
Deformed Var: U Deformation Scale Factor: +1.000e+00

Imperfection Scale = L/1000
Step : Static Riks method

U7 12 Uansn135uimineinnIsiiaesveddy CFDST

nsaflunadmiviuemdeiunsedaveian CFDST

Tusuidedazaialunannn 2 Sane3fuldun GPR uay XGBoost Tngldanu
Python wag Skit-Learn Library lunisasislumalaeazuusadayasendu K nguanugunin
71 13 Tnazuiaduyadoyeiindu K-1 nguuazidugadoyanaasy 1 ngu uazadsluinados
K-1 gy TasAnsiuisangadeyanaaeuazldannsedsannsiunsluusaylueg

Y98 WATUININAINULUUEN

¢/ K nay l
Fold k
Testing Data | R SSTrAINING Data™ R

Fold 1

JUTT 13 U nuananIsiineuyntogaven siseuzvedniod
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DATASET

Cross Validation

M Training Data [ Training Data

GPR/XGBoost Model GPR/XGBoost Model

Average Predictive of new data

/Y NN
=
d N
JUT 14 wsuniuenenI sy eyedeyalviaiveaay CFDST

N

s

et
&5 %
e~ —T
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uny 4

HaN13ANY
nsasuuudnaeaieldlumsiuneidduusedaanTanuan CFDST suduwsneas

ISP v A b4

yhmsyusuteyaildinduluea Taesusunnmidslueiniidedelinioaiayndoya
Tmiduinainnissiasdlng Computer Software Tnsgatayarianuadoudumioiieafiu
M9 2 WelilunaanansaiSeusluiamadontu Weldlunafidesnsudiazdeainis
WIUBUNANIYNUIEAUNITATUIMILUY Standard Design Code Lﬁa@'jﬂmmaﬁmm

wugwRganensall TnaTunaunisasilunaazasursludentingnly

A591191UUB99aN8391Y Gaussian Process Regression

DATASET 3

CROSS VILIDATION

IMPROVING ACCURACY

Testing Data Group 10 % Tuﬁ_"'lhnqu)_W‘!b
1. INCREASE DATASET

» m m S 2. ADJUST GPR PARAMETER

GPR PARAMETER

GPR Predictive Model ‘
v v i 2
| Length Scale=1
m GPRNo3 Il GPR No 10 I NOT PASS

Buwies)
Buies |
Buwes)

Bugaipasd
Bunoipaig
Bunaipesd

Measure Accuracy

PASS

Average Predictive Value of New Input Data

JUT 15 Uaiun1mnIsviNIuvealuing GPR
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M3deu Code NM3vauvesdana3fiu GPR agldin1w Python yeuBusu Library
19 9 U Scikit learn , Numpy , Pandas IﬂEJL%&J’«J’]ﬂﬂ']iLLﬁx‘]‘QWfJI’emUa’eJEJﬂL‘T]u 2 nauAeYeya
dwiunageuliing (Testing Data) kar lumadwsunisinduteya (Training Data) lagld
&ndau 1.9 1ng Kernel Function 7idenldde Rational Quadratic Function ALENNIST 21
Taufvualiian | 139 Length scale dAWnAU 1 waziivuali Alpha dauvindu 1.5 Ay
wuami 14 maimnsiinduteyaudmuinlusailddsfiruwiugidesnisnisaiuan
WUU Standard Design Code awnsawdluldlaenisuundeus Parameter unilu

dano3NNvTYIINTMYATBYARNK LY

NSYIN91UVDIDaND37IN Extreme Gradient Boosting

DATASET

CROSS VILIDATION

IMPROVING ACCURACY

1. INCREASE DATASET
2. ADJUST XGBoost PARAMETER

Testing Data Group 10 %

Group No 2

XGBoost PARAMETER

Buwes |

Sl XGBoost No 10 NOT:PASS

XGBoost No 2

Bunaipaig

e Average Predictive Value Measure Accuracy

PASS

INPUT NEW DATA

Average Predictive Value of New Input Data

U 16 urunINNI5v197uveslina XGBoost
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NM5138Y Code NIYINNUVDITANDINU XGBoost axlin191 Python wag Library 1hgiu
MaiTeu Code ve3 GPR wagldndnnsiieaiufonsuusgadoyasendu 10 dmuwagly 1

[ v

drulu yadeyatilinadeu (Testing Data) waz 9 duldidugadayalunisilnduluea lay

[y

2ana371u XGBoost a¥il Parameter MNeIUD99%UA 5 Amall

' (%
a1 [y

Colsample_bytree 1u Parameter #15iA1 0 fis 1 uadwsunuITedaylan 0.3 w3e 30%
Yosyntaya FavvinthfiaruaunsklIgadeyaLiiaAuInmIAT Root Mwngaulnlitoya

AmungaulazUesiunsiin Over Fitting vasnulddndulausazau

¥
1 1 =1

Learning Rate 1Uu Parameter M1fiA10g521313 0 613 1 lnaauddedazldaniniu 0.2
Tglunnsgedruamnuianainvesnulddndulawsasfuialilunall AUl ug1uINTULAE

Junistesiiunisiin Over Fitting

Max_depth 19U Parameter #ldAnundiuauaesaulddndulages Inaa19iaasld

Uszanas 10% vesduiuyateyaiauani lnsnuideiazldenviniu 10

Subsample t0u Parameter 7ildlunsgudoyaiiiothulndulunalagauidedasly

WU 0.9 %38 90 % Vasleyananun

Min_Child Weight Ju Parameter TildAnassluvessuldindulaunazduinfiau

Yyenoieanese bl Ingasiia1agsening 1 09 10 nguddedagldmyingu 5

Y

nsidAukiugvestayarlawuusInuiunisassluealndanasiiu GPR AenTs

UFuidgu Parameter vsiavisevinsasatoyalvinsounaquiInUy

NAN1SANE

ns¥ananuuduginnmsvhuslusdasliaagldaduuseans anduius (R
Coefficient of determination) A1AaIALARBUR1AABS (MSE : Mean Square Error) s1nfided
AnaALAABuiAsaesads (RMSE : Root Mean Square Error) Ananaladouduysailade
(MAD : Mean Absolute Deviation) %38 (MAE : Mean Absolute Error) @u130Auaalaain
aunsit 31-30 Tuundl 2 lagagimsiSeuifisulinaandanesfinvesnsBoudiesedlaun

GPR wag XGBoost W38 ULIBUUNITAILIUAINANNITINNUINTIFIUAITOBNLUY (Design

Standard Code) laun AISC wag ECA Tnsnisasrluinatuaziuseanidu 2 luwa Ao luiea
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dusuvusiadunazlumad niuyuieialsd Wesaningfnssunissuiivinuay
anwurn1sIvALANA 1Y tngldinaeinisudsrdaian Ae A19ns1diuAINYEgn
(Slenderness Ratio) muasN159 48 duniulandutiudnsndiuszgaaziosndn 22 yaeilan

§17298AANNINNTT 22

NAN1SIY VDI LALAALEEY

M5 5 ANREEYBIYATRYAFT NS UkT I

Input Output
No | ExtDia | Extt | Fyo Inn Dia | Innt Fyi fc High Nu
mm mm | Mpa mm mm | Mpa Mpa mm kN
MAX | 603.40 | 6.77 | 535.00 | 402.10 | 5.77 | 425.00 | 141.00 | 2502.00 | 5383.50
MIN | 114.00 | 0.90 | 220.00 | 33.50 | 0.90 | 220.00 | 18.70 | 342.00 | 540.00
AVG | 21231 | 3.96 | 362.65 | 107.06 | 3.06 | 358.86 | 50.78 | 617.31 | 2283.79

dmdulueaianduasligadoyarmuadiuan 122 fog1auazannaaaInns
yanowsilusfmiamnaninsagléainmed 13 lnsfiduademumseil 5 anuusiugives
TuwaandunuiinisadlinannnsSeuivonaiosfildsanaifiu Xeboost (R? = 97.01%)
Tanuusiugrannnindane3fiu GPR (R® = 94.02%) waziiierU3suifisufiunansdiuiaan
UINIFIUNITRBNLUY (Standard Design Code) bakn AISC (R? = 82.94%) uag EC4 (R” =
85.82%) nuilumanisSeudveneiasainsis 2 Sano3fiu GPR uaz Xgboost liAmuuaiugh
1INNI1 ALANTNT 6 wazannTIgnIINANanduusve Az IS nsaslunaldangun

15-18 UaRU

§I5NI 6 UANSEAAIIULLUEIVDIUARL TENITATINAATITY

Accuracy GPR XGBoost AISC EC4
R2 94.02 97.01 82.94 85.82
MSE 100887.71 38107.24 740305.05 1001733.57
RMSE 317.63 195.21 860.41 1000.87
MAE 223.52 138.11 512.69 487.46
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10000
9000
_ 8000
2
< 7000
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G 5000
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e 4000
[= W
> 3000
[as]
2 2000
1000
0

EUROCODE 4

R?=0.8587

1000 2000 3000 4000 5000 6000

NU FROM EXP (KN)

JUTT 17 usiuninuansmianasniug ( R ) vasnsauialngliuinsgiu Eurocode 4 #1msy

Laa

9000
8000
7000
6000
5000
4000
3000
2000

NU BY PREDICTION (KN)

1000

AISC

R*=0.8294

1000 2000 3000 4000 5000
NU FROM EXP (KN)

6000

U 18 URUNIMUAAIAIEVaUTYS ( R ) 989n15A1aaldnelentnsgiu AISC Smsuiaiau



NU BY PREDICTION

GPR

6000
5000 R?=0.9402 ¢
4000
3000

2000

1000

0.00 1000.00 2000.00 3000.00 4000.00 5000.00 6000.00
NU EXP

FUT 19 Undn muanamanaunus (R ) vesluinaaindanasiu GPR dmsuiaau

NU BY PREDICTION

XGBOOST

6000

R?=0.9701
5000
4000
3000

2000

1000

0.00 1000.00 2000.00 3000.00 4000.00 5000.00 6000.00
NU EXP

JUT 20 Urnmuansmranauius ( R ) veslunavindanasiiu XGBoost a1msulaIay

30
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NAN15IBVDILULAALETIYTD

dmsuluaaianeagldyateyariamuasiuig 181 Me1uazinanKaINg
NAa09RssluaAn 28 Aog1atazunaINnNIsInasdlaulusunsy Abaqus 911U 153 fa9819
aw15091891nm15199 11 wazfliedenumsed 7 vagiinnuuludivesnisitasdlag
TUsunsa Abaqus Wisuiisudumsnaaeutislusiindiuau 28 fegsanunsaglaiiansed
15 wuanAn R @iy 92.47% aunmd 19 MSE léwindu 9631.60 RMSE léwinfu
98.14 MAE AU 76.59 uagaAad odnInasused1aa191nn15nnaeaseaiua1anns

F1aaalaglUswnsulaAingU 0.98 USERILNINA 20

DETERMINATION COEFFICIENT OF
EXPERIMENT VALUE AND SIMULATION VALUE

1800
1600
1400
1200
1000

800

NU BY SIMULATION (KN)

600

400
400 600 800 1000 1200 1400 1600 1800

NU BY EXP (KN)

JUTT 21 usunInuansmanainiug (R ) ve9A199nn15naaedesenun)sitaedlnglusunsy

Abaqus
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RATIO OF SIMULATION AND EXP

2.00

1.50

1.00

0.50

0.00

RATIO OF SIMULATION VALUE AND
EXPERIMENT VALUE

.
se XXX A

5 10 15 20 25 30
NUMBER OF SAMPLE

JUT 22 URn IMUARIEATIFINTY II9AI19INNTTNANENESINUAI9INNTSTIa8dlnelUsUun s

Abaqus

ALRREYRIYATRAd T UL

Input Output
No Ext Dia | Extt Fyo Inn Dia | Innt Fyi fc High Nu
mm mm Mpa mm mm Mpa Mpa mm kN
MAX 550.00 | 10.00 | 549.00 | 250.00 | 10.00 | 549.00 | 56.50 | 6500.00 | 9882.58
MIN 114.00 1.00 210.00 | 45.00 1.00 | 210.00 | 24.50 | 1200.00 | 429.66
AVERAGE | 215.27 | 3.44 378.93 | 99.75 323 | 384.49 | 34.69 | 2752.85 | 1954.92

MITNT 7 ANRAVOITATRYAT U1

AnuwlugvaslunalEgInUIINTasdinaIINNIsseuIveIATenlYdane T

XGBoost (R? = 94.72 %) 1 A1nuusl ug1u1nnieanasiiy GPR (R? = 91.71%) waziile

WIgUgUAURaNITATLINAINNINTFIUN1T08NIUY (Standard Design Code) Lok AISC

(R? = 94.15%) way EC4 (R? = 90.85%) W‘Udﬂ,mLmamiﬁauiﬂuaqm%amﬂﬁq 2 9anasNy
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GPR Uay XGBoost daulndifigsiu mums19n 8 uazanunsagniaanduiusvausiag

Fnsassluaaliainguil 21-24 audidu

WARIHAANLLUEN VR LRaEIENTES 1 lUAaLEET

GPR XGBoost AISC EC4
MSE 205304.06 114204.83 120723.02 335137.50
R2 91.71 94.72 94.15 90.85
RMSE 453.10 337.94 347.45 578.91
MAE 175.04 189.30 197.64 374.79
91319 8 UARNKAAI UL VOIUTAL TN TaE I e AL 1872
EUROCODE 4
12000.00
R? = 0.9085
10000.00
z
= 8000.00
o
G
S 6000.00
g
> 4000.00
o)
=2
2000.00
0.00
0.00 2000.00 4000.00 6000.00 8000.00 10000.00 12000.00
NU FROM EXP (KN)

JUT 23 usuninuansmavaiiug (R ) vasndsaruialngliuinsgiu Eurocode 4 81msy

k31879
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AISC
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U 24 usiuninuansmianainig (R ) vesnisAalngliuinsgiu AISC @msuangn

XGBOOST
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U 25 Uaunmuanamranauius ( R ) veslunavindanasiiu XGBoost d1msulae?
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GPR
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U 26 usunImuansmavaiiug (R ) vaslunaaindanasiu GPR d195ula1e13
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uni 5

dsduazanusiena

#3Un13378
NNTITENTaFIUUIaeidlumsiuemasuwssalsedevasan TanmHay
! <3 1 1 a 1% = Y a = 6
viewmangvdensuninsulunisial CFDST laglddanasiiunsyuiunisannesindidounas
= ¢ = a Y a = s a g v I o -
nATuNSiRguyaRnuIganasiuenasunsideuyandiainnuwiugnianainnis
Tanaarnm 1 R? ( Coefficient of determination) MSE (Mean Square Error) RMSE (Root
Mean Square Error) kag MAE (Mean Absolute Error) anum1319%1 6 @15 Uladulazaii
M1319% 8 dwmsuianend lnswuudiassnisviunelinaedunsiuenigIsNsiseuves
Idl ¥ 1 o 1 o ¥ d‘
1A3991ALLI UEININNTINITYIIUIBAIENI1TBBNUUVNINGIFIY AISC way ECA Uzl

LuudnaeIMsvhnglumalag1Inudinnsiuemedsnisiteuivesaesarnsinuiglay

BnseenwuuiIngIulirauwiug N inalAiu

JDLAUBLUL
nsldnukuuInaedunIshuemasulsdnuseduvotarianuay CFDST Mlaann
a P o ) o & alal ' v P aa | ~ &
nsiFeuiveaTesaslanadnsnalutisesnteyar nluniia UL ULEsWaWINTY Y10
v v ° a o £ o & v Y Al v X
Aoamsiiwuudnaesliauudugiuinudndudemyateyanlitnlulvinseunguuindu
AUk UL BLAIdURALLE 8 lLWITsTaglvan sYiuneaesuLssenUsEaelen

mnyadeyatndn (nput Data) 8glugdnamumsney 9 dmsuiaduuazn1sen 10 dmsu

L1817
External | External | Fyo Inner Inner Fyi F’'c | Height
Diameter | Thickness Diameter | Thickness
Unit mm mm MPa mm mm MPa | MPa mm
Max 200 7 500 150 6 500 70 350
Min 100 2 300 30 1 250 20 1000
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M15999] 9 UaANYIYavyRYeyann I iavuIgeenuIATigaas mULAaIT 1A Y

External | External | Fyo Inner Inner Fyi F’'c | Height
Diameter | Thickness Diameter | Thickness
Unit mm mm MPa mm mm MPa | MPa mm
Max 400 7 500 150 6 500 50 1000
Min 100 2 200 50 2 200 20 5000

M15797] 10 UansyIvvessntayainilviuariuIgeenyIangna s ulunalaren

nsuszgnaliuuudnaaslunmsvituienndevaaan CFDST
IINKHANITTIaBINUIMUUTIaeluNITYIUIeAIGIveal CFDST danas iy
XGBoost THAruutugunniianlutisuesyatoyailiiindu s deviiriaziieuuusiaes
ldandanedfiusnanunusygndlisaniundnns CLPSO uie Comprehensive Learning
Particle Swarm Optimization Tun1smauinniisala CFDST ﬁﬁmmmﬁﬂﬁq@ﬁé’qm

A111505UEMTNNADINS LA

=i Y

PSO [5] iluvdnnisildlunsmandimanzauiign gnandulud 1995 Tng Eberhart

ey Kennedy laglasuusstunalasnainnnisesnmemisvessun laguniidunuiieguas

v

W8 9911598 d UEBUTUNUNAD UG IR T U1 ILME 191915 AT UAUNY LS sULiBUAY
nannIsMIA AU nUszgndldsiniunuidel unasemisAsvuiantndaivesiian

‘:l' = ° Y A o g v Y o v ‘:4' ° .«.:4'
gUN159 (49) Uﬂﬂiaaﬂéﬂqﬂﬁ]gcl/ﬂﬂqiﬂuﬁq"\!@WW]']I“GUU’]@WUW@@u@ﬂwq@lmqm"\nujuia‘UmLi']

A9n13 dmiunuidelazldn 1000 wag 500 seulngoyniAwsiasfIIsAaud1TaulY

o v v I

Mvun lawn ArfdaReieanniad g menuvegareditouly uay AnumuIves
dwiilurounindeannitssesiinivun dsazeSuieselugentidnly PSO #3e Particle

Swarm Optimization finsiidounnseslunmsumanmnzausuranniignvsotesiianed
t9 iflosnunndunviesyniaviinistulunuaaiidu Local Minimum/Maximum us
dilafiadnindu Global Maximum/Minimum vinlsunuiesyniamdus Tutunmuagii
Tmnvquuansvesaidu Local Minimum/Maximum faewnilud 2006 Liang uazans

Tavinnsiauenannis CLPSO 3o Comprehensive Learning Particle Swarm Optimization
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[6] ievinisusulansmanangalulinnwauyaiidy Local Minimum/Maximum lag

A15aBUA5NNSYNAN Pbest way Gbest
daun1snlglunisuian Minimum

2
CFDST Section Area = % (x12 — (xz - 2(363)) ) )

e
X1 A9 Lé’umuquéﬂmwmmmﬁma‘uuaﬂ
= % 1 3 1 <
X2 fio s ugudnansvewiamanseuly
=1 1 @
X3 A9 ANUnuIvsaviamansaulu

uannaeilunisAniaanaynia

1Y

1. MaaSuksIon (XGBoost) > MadsuLsIonLt1mung
2. ANUNINABUNTA > AIUAINADUNIHNNNAUA

3. APUTEER > 22 (1E18) 9158 AIANUTEEN < 22 (LeNe1)
YBULINYBIBYNA

oynARefMuNLTBYAtaYaTIs AR NTIAIMINE Y (AANgavesTuIAvTdALE
CFDST) Tnvusiazeynindosrimdninasilumsdadeniiielilunsmevinzauiian ns
vhuneidsiuusedalaglidaneifin XGBoost fignairsnnadeyamunisieil 11 e
wagA1el 13 dwduiadu asvhuwiesalddlurasgedeyading faomailunisne
winzaudedndudewihnmstmuaveunveseuneiielilddrainnsiuieiiugnn

Nanlagiaduazlirnanmisned 9 uagang1aglda1ainmisei 10
KamsAvINzaNdmTulaeaLEaY

WuneNaeIng

1Y

1. f&sfidesns 2000 kN

2. AMUAINABUNTA 75 mm



NANTISAIANANIEUFINSULEFU

AN 900 mm

AdInsInvaIviamanauuanuazauly 320 MPa

[ Y]

MAssuLsSanaunsadl 28 Yu Cylinder 29.5 MPa

ANUYERATBENIT 22 (lendu)

39

Ext Dia | Extt | InnDia | Innt Area Nu AISC EC4
No L/r
mm mm mm mm mmA2 kN kN kN
1 19584 | 6.42 | 33.00 2.65 18.20 | 29505.02 | 2077.12 | 1986.48 | 2381.77
2 196.50 | 6.75 | 33.00 1.00 18.20 | 29556.23 | 2073.16 | 2003.63 | 2429.90
3 19584 | 6.42 | 33.00 2.65 18.20 | 29505.04 | 2077.12 | 1986.48 | 2381.77
0759971 11 UARSAIISaNE MU
Area Optimazation
120000 Round 1 Round 2 Round 3 Average
100000 |
~ 80000
<
£
£ 60000
3
< 40000 N,‘_‘
20000
0
0 200 400 600 800 1000
Iteration

i i
aaA

JUTT 27 Uanam e

anluusazsounIsindeuiveseunIA (a1




NANTISUIANMNIZHNA1NSULULAALE817

v
WnunefineenIs

v

7. fdsfidesnis 3000 kN

8. AMUATINABUNTA 75 mm

9. A3Ugs 4000 mm

10. Mdrsnvesiawansuuaniazauly 320 MPa
11. ds¥unsesnaounind 28 Su Cylinder 46 MPa

12. ANUTEgANINAIT 22 (1ENEN2)

NANTISWIANARUENFINIULEI2

40

Ext Dia | Extt | InnDia | Innt Area Nu AISC EC4
No L/r

mm mm mm mm mm~A2 kN kN kN
1 235.00 | 6.50 72.00 6.50 | 66.04 | 40619.04 | 3088.05 | 2701.30 | 2588.36
2 235.00 | 6.50 72.00 6.50 | 66.04 | 40619.04 | 3088.05 | 2701.30 | 2588.36
3 235.00 | 6.50 72.00 6.50 | 66.04 | 40619.04 | 3088.05 | 2701.30 | 2588.36

DTSN 12 USRI NAIIZAUT AT UTIETD
Area Optimization
Round 1 Round 2 Round 3 Average

120000

100000
= 80000
<
£ 60000
sk
< 40000

20000

0
0 100 200 300 400 500
Iteration

' '
aAaa

JUT 28 uansA Ny aui

anlulsay TOUNITIARDUTIYONOYNIA Ld7873
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NARUIN

[

yadayadmiudndulunaiansnn
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Model  REF Ext Dia Ext t Fyo Inn Dia Inn t Fyi fc high Nu
1 (7] 120.00 1.96 311.00 60.00 1.96 380.00 53.12 1324.00 789.90
2 120.00 1.96 311.00 60.00 1.96 380.00 53.12 1324.00 715.40
3 [8] 139.20 3.00 418.00 76.00 2.00 418.00 24.64 1500.00 905.50
a4 139.20 3.00 418.00 76.00 2.00 418.00 24.64 1503.00 901.60
5 139.20 3.00 418.00 76.00 2.00 418.00 24.64 2000.00 831.70
6 139.20 3.00 418.00 76.00 2.00 418.00 24.64 1998.00 837.40
7 139.20 3.00 418.00 76.00 2.00 418.00 24.64 2502.00 732.10
8 139.20 3.00 418.00 76.00 2.00 418.00 24.64 2498.00 729.00
9 152.40 3.00 549.00 76.00 2.00 549.00 24.64 1497.00 1195.60
10 152.40 3.00 549.00 76.00 2.00 549.00 24.64 1503.00  1191.20
11 152.40 3.00 549.00 76.00 2.00 549.00 24.64 1997.00 1047.30
12 152.40 3.00 549.00 76.00 2.00 549.00 24.64 2000.00  1041.60
13 152.40 3.00 549.00 76.00 2.00 549.00 24.64 2498.00 941.40
14 152.40 3.00 549.00 76.00 2.00 549.00 24.64 2500.00 949.00
15 165.10 3.00 516.00 76.00 2.00 516.00 24.64 1504.00 1286.40
16 165.10 3.00 516.00 76.00 2.00 516.00 24.64 1498.00  1275.10
17 165.10 3.00 516.00 76.00 2.00 516.00 24.64 2003.00 1187.20
18 165.10 3.00 516.00 76.00 2.00 516.00 24.64 1998.00  1199.80
19 165.10 3.00 516.00 76.00 2.00 516.00 24.64 2498.00 1028.00
20 165.10 3.00 516.00 76.00 2.00 516.00 24.64 2502.00  1036.50
21 193.70 3.50 391.00 76.00 2.00 391.00 24.64 1502.00 1730.00
22 193.70 3.50 391.00 76.00 2.00 391.00 24.64 1500.00  1720.00
23 193.70 3.50 391.00 76.00 2.00 391.00 24.64 1998.00 1581.60
24 193.70 3.50 391.00 76.00 2.00 391.00 24.64 2003.00  1584.10




a2

Model REF Ext Dia Extt Fyo Inn Dia Inn t Fyi fc high Nu
25 193.70 3.50 391.00 76.00 2.00 391.00 24.64 2503.00  1451.40
26 193.70 3.50 391.00 76.00 2.00 391.00 24.64 2497.00  1458.70
27 [9] 114.00 3.00 294.50 58.00 3.00 374.50 37.04 1770.00 620.00
28 114.00 3.00 294.50 58.00 3.00 374.50 37.04 1770.00 595.00
29 FEM 200.00 3.00 300.00 114.30 8.00 430.00 36.00 3315.00  1683.15
30 FEM 300.00 5.00 300.00 150.00 5.00 300.00 30.00 3000.00  3346.81
31 FEM 300.00 7.00 300.00 150.00 7.00 300.00 30.00 3000.00  4074.84
32 FEM 400.00 5.00 320.00 150.00 5.00 320.00 35.00 3380.00  5983.66
33 FEM 400.00 7.00 320.00 150.00 7.00 320.00 35.00 3380.00  6493.49
34 FEM 550.00 5.00 330.00 250.00 5.00 330.00 28.00 6000.00  8485.38
35 FEM 550.00 7.00 330.00 250.00 7.00 330.00 28.00 6000.00  9882.58
36 FEM 225.00 2.00 320.00 120.00 2.00 320.00 32.00 3300.00 127391
37 FEM 225.00 3.50 320.00 120.00 3.50 320.00 32.00 3300.00  1701.68
38 FEM 180.00 2.50 420.00 60.00 5.00 420.00 29.50 3500.00  1076.62
39 FEM 180.00 8.00 420.00 60.00 8.00 420.00 29.50 3500.00  1644.66
a0 FEM 180.00 10.00 420.00 60.00 10.00 420.00 29.50 3500.00  2878.30
a1 FEM 220.00 2.00 336.00 80.00 2.00 336.00 27.50 3500.00  1259.77
a2 FEM 250.00 2.00 345.00 75.00 2.00 345.00 35.00 3800.00  1874.52
43 FEM 250.00 4.00 345.00 75.00 4.00 345.00 35.00 3800.00  2497.02
a4 FEM 250.00 6.00 345.00 75.00 6.00 345.00 35.00 3800.00  3168.98
a5 FEM 250.00 2.00 345.00 75.00 3.00 345.00 35.00 3800.00  1949.64
a6 FEM 280.00 3.00 385.00 100.00 5.00 385.00 36.00 3000.00  3038.98
ar FEM 280.00 3.00 385.00 100.00 5.00 385.00 36.00 3500.00  3021.88
a8 FEM 280.00 3.00 385.00 100.00 5.00 385.00 36.00 4000.00  2984.10
49 FEM 280.00 3.00 385.00 100.00 5.00 385.00 36.00 4500.00  2809.29
50 FEM 300.00 2.00 365.00 150.00 2.00 365.00 45.00 3500.00  2865.56
51 FEM 300.00 4.00 365.00 150.00 2.00 365.00 45.00 3500.00  3324.31
52 FEM 300.00 5.00 365.00 150.00 2.00 365.00 45.00 3500.00  3672.57
53 FEM 300.00 5.00 365.00 150.00 5.00 365.00 45.00 3500.00 4173.14
54 FEM 320.00 4.00 325.00 150.00 2.00 325.00 42.00 3000.00  3964.18




a3

Model REF Ext Dia Extt Fyo Inn Dia Inn t Fyi fc high Nu
55 FEM 320.00 4.00 325.00 150.00 2.00 325.00 42.00 3500.00  3782.55
56 FEM 320.00 4.00 325.00 150.00 2.00 325.00 42.00 4000.00  3622.62
57 FEM 160.00 2.50 346.00 60.00 5.00 346.00 32.00 3000.00 928.53
58 FEM 160.00 5.00 346.00 120.00 5.00 346.00 32.00 2500.00  1177.16
59 FEM 300.00 2.00 390.00 150.00 2.00 390.00 42.00 3000.00  3013.90
60 FEM 300.00 8.00 390.00 150.00 2.00 390.00 42.00 3000.00  2841.02
61 FEM 300.00 10.00 390.00 150.00 2.00 390.00 42.00 3000.00  3354.59
62 FEM 350.00 6.00 395.00 200.00 3.00 395.00 36.50 3500.00  7196.86
63 FEM 160.00 4.00 360.00 80.00 4.00 360.00 29.00 1500.00 787.32
64 FEM 160.00 4.00 360.00 80.00 4.00 360.00 29.00 2000.00 760.00
65 FEM 160.00 4.00 360.00 80.00 4.00 360.00 29.00 2500.00 732.95
66 FEM 160.00 5.00 320.00 60.00 5.00 346.00 32.00 1500.00 935.90
67 FEM 160.00 5.00 320.00 60.00 5.00 346.00 32.00 2000.00 933.85
68 FEM 160.00 5.00 320.00 60.00 5.00 346.00 32.00 2500.00 927.74
69 FEM 200.00 4.00 360.00 100.00 4.00 420.00 29.00 1500.00  2018.94
70 FEM 200.00 4.00 360.00 100.00 4.00 420.00 29.00 2000.00  1873.85
71 FEM 200.00 4.00 360.00 100.00 4.00 420.00 29.00 2500.00  1740.56
72 FEM 130.00 2.00 334.00 50.00 2.00 390.00 42.00 1500.00 747.42
73 FEM 220.00 2.00 320.00 130.00 2.00 320.00 33.60 1500.00  1513.48
74 FEM 220.00 2.00 320.00 130.00 2.00 320.00 33.60 2500.00  1347.01
75 FEM 200.00 3.00 330.00 120.00 5.00 360.00 33.00 1700.00  1758.16
76 FEM 200.00 3.00 330.00 120.00 5.00 360.00 33.00 2250.00  1660.40
77 FEM 200.00 3.00 330.00 120.00 5.00 360.00 33.00 3250.00  1454.48
78 FEM 156.00 2.00 333.00 60.00 2.00 346.00 32.00 2400.00 785.59
79 FEM 195.00 3.50 360.00 100.00 2.50 365.00 29.00 2200.00  1436.02
80 FEM 187.00 2.50 259.00 90.00 3.00 298.00 36.00 1500.00  1302.32
81 FEM 187.00 2.50 259.00 90.00 3.00 298.00 36.00 2000.00  1181.24
82 FEM 187.00 2.50 259.00 90.00 3.00 298.00 36.00 2500.00  1031.58
83 FEM 187.00 2.50 259.00 90.00 3.00 298.00 36.00 2900.00  1030.14
84 FEM 145.00 2.00 370.00 45.00 2.00 370.00 29.50 1500.00 778.27
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Model REF Ext Dia Extt Fyo Inn Dia Inn t Fyi fc high Nu
85 FEM 145.00 2.00 370.00 45.00 2.00 370.00 29.50 3500.00 497.19
86 FEM 165.00 3.00 350.00 85.00 3.00 350.00 27.50 1500.00  1137.56
87 FEM 165.00 3.00 350.00 85.00 3.00 350.00 27.50 2500.00  1028.98
88 FEM 165.00 3.00 350.00 85.00 3.00 350.00 27.50 3500.00 840.49
89 FEM 185.00 3.50 365.00 95.00 3.50 365.00 32.60 1500.00  1620.48
90 FEM 185.00 3.50 365.00 95.00 3.50 365.00 32.60 2500.00  1460.60
91 FEM 185.00 3.50 365.00 95.00 3.50 365.00 32.60 3500.00  1281.81
92 FEM 185.00 3.50 365.00 95.00 3.50 365.00 32.60 4500.00 964.62
93 FEM 180.00 3.00 336.00 95.00 3.00 336.00 24.50 2250.00  1110.72
94 FEM 180.00 6.00 336.00 95.00 6.00 336.00 24.50 2250.00  1123.87
95 FEM 180.00 3.00 336.00 95.00 3.00 336.00 24.50 3000.00  1024.51
96 FEM 180.00 6.00 336.00 95.00 6.00 336.00 24.50 3000.00  1112.39
97 FEM 450.00 5.00 420.00 220.00 5.00 420.00 29.75 6500.00  6793.45
98 FEM 190.00 2.00 345.00 70.00 2.00 345.00 29.50 1200.00  1373.07
99 FEM 190.00 2.00 345.00 70.00 2.00 345.00 29.50 2200.00  1093.91
100 FEM 190.00 2.00 345.00 70.00 2.00 345.00 29.50 3200.00  1043.82
101 FEM 190.00 2.00 345.00 70.00 2.00 345.00 29.50 4200.00 787.22
102 FEM 230.00 3.00 450.00 100.00 3.00 450.00 35.00 1800.00  2555.57
103 FEM 230.00 3.00 450.00 100.00 3.00 450.00 35.00 2800.00  2302.30
104 FEM 230.00 3.00 450.00 100.00 3.00 450.00 35.00 4800.00  1520.57
105 FEM 230.00 3.00 450.00 100.00 3.00 450.00 35.00 5800.00  1205.99
106 FEM 320.00 4.00 425.00 120.00 4.00 425.00 42.50 3300.00  4605.31
107 FEM 320.00 2.00 425.00 120.00 2.00 425.00 42.50 3000.00  3449.33
108 FEM 330.00 4.00 360.00 120.00 4.00 360.00 42.50 2200.00  5293.09
109 FEM 260.00 3.00 485.00 80.00 3.00 485.00 36.50 2700.00  3120.45
110 FEM 260.00 3.00 485.00 80.00 3.00 485.00 36.50 3700.00  3013.92
111 FEM 240.00 2.50 395.00 110.00 2.50 395.00 29.50 2900.00  1859.25
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Model REF Ext Dia Extt Fyo Inn Dia Inn t Fyi fc high Nu
112 FEM 240.00 2.50 395.00 110.00 2.50 395.00 29.50 3900.00  1598.38
113 FEM 250.00 3.00 395.00 110.00 3.00 395.00 29.50 1700.00  2578.79
114 FEM 250.00 3.00 395.00 110.00 3.00 395.00 29.50 2500.00  2369.84
115 FEM 250.00 3.00 395.00 110.00 3.00 395.00 29.50 3500.00  2181.48
116 FEM 120.00 2.00 420.00 60.00 2.00 420.00 24.80 1200.00 643.57
117 FEM 150.00 3.00 390.00 75.00 3.00 390.00 26.50 1300.00  1121.94
118 FEM 150.00 3.00 390.00 75.00 3.00 390.00 26.50 2300.00 997.83
119 FEM 150.00 3.00 390.00 75.00 3.00 390.00 26.50 3300.00 747.33
120 FEM 170.00 3.00 450.00 75.00 3.00 450.00 29.00 1400.00  1539.99
121 FEM 170.00 3.00 450.00 75.00 3.00 450.00 29.00 2400.00  1391.11
122 FEM 170.00 3.00 450.00 75.00 3.00 450.00 29.00 3400.00  1027.83
123 FEM 170.00 3.00 450.00 75.00 3.00 450.00 29.00 4400.00 740.49
124 FEM 220.00 2.00 420.00 80.00 2.00 420.00 28.00 2600.00  1600.55
125 FEM 240.00 3.00 395.00 90.00 3.00 395.00 32.00 1850.00  2496.12
126 FEM 240.00 3.00 395.00 90.00 3.00 395.00 32.00 3850.00  2027.85
127 FEM 220.00 2.00 420.00 80.00 2.00 420.00 28.00 2600.00  1600.55
128 FEM 240.00 3.00 395.00 90.00 3.00 395.00 32.00 1850.00  2496.12
129 FEM 240.00 3.00 395.00 90.00 3.00 395.00 32.00 3850.00  2027.85
130 FEM 280.00 2.00 450.00 100.00 2.00 450.00 29.50 2400.00  2515.09
131 FEM 280.00 2.00 450.00 100.00 2.00 450.00 29.50 3400.00  2467.88
132 FEM 280.00 2.00 450.00 100.00 2.00 450.00 29.50 4400.00  2328.39
133 FEM 300.00 2.00 460.00 100.00 2.00 460.00 35.00 2500.00  3179.97
134 FEM 300.00 2.00 460.00 100.00 2.00 460.00 35.00 3500.00  3133.11
135 FEM 300.00 2.00 460.00 100.00 2.00 460.00 35.00 5500.00  2485.76
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Model REF Ext Dia Extt Fyo Inn Dia Inn t Fyi fc high Nu
136 FEM 120.00 2.00 430.00 45.00 2.00 430.00 32.00 1200.00 700.78
137 FEM 120.00 2.00 430.00 45.00 2.00 430.00 32.00 2200.00 584.67
138 FEM 140.00 2.00 460.00 50.00 2.00 460.00 35.00 1500.00 941.33
139 FEM 140.00 2.00 460.00 50.00 2.00 460.00 35.00 2500.00 800.31
140 FEM 250.00 5.00 390.00 100.00 5.00 390.00 34.00 1600.00  3586.41
141 FEM 250.00 5.00 390.00 100.00 5.00 390.00 34.00 2600.00  3199.78
142 FEM 250.00 5.00 390.00 100.00 5.00 390.00 34.00 3600.00  2959.29
143 FEM 230.00 4.00 395.00 120.00 2.00 395.00 32.00 1700.00  2604.96
144 FEM 230.00 4.00 395.00 120.00 2.00 395.00 32.00 2700.00  2303.82
145 FEM 230.00 4.00 395.00 120.00 2.00 395.00 32.00 3700.00  2147.27
146 FEM 230.00 4.00 395.00 120.00 2.00 395.00 32.00 4700.00  1778.47
147 FEM 240.00 2.00 365.00 150.00 2.00 365.00 56.50 3000.00  2056.70
148 FEM 240.00 4.00 365.00 150.00 4.00 365.00 56.50 3000.00  2722.56
149 FEM 240.00 6.00 365.00 150.00 6.00 365.00 56.50 3000.00  3384.56
150 FEM 280.00 2.00 340.00 180.00 2.00 340.00 56.50 5000.00  1784.76
151 FEM 280.00 4.00 340.00 180.00 4.00 340.00 56.50 5000.00  2521.44
152 FEM 280.00 6.00 340.00 180.00 6.00 340.00 56.50 5000.00  3285.74
153 FEM 320.00 4.00 320.00 130.00 4.00 320.00 56.50 6000.00  2861.60
154 FEM 320.00 6.00 320.00 130.00 6.00 320.00 56.50 6000.00  3632.74
155 FEM 320.00 8.00 320.00 130.00 8.00 320.00 56.50 6000.00  4466.82
156 FEM 150.00 1.00 365.00 120.00 1.00 365.00 56.50 1500.00 429.66
157 FEM 150.00 2.00 365.00 120.00 2.00 365.00 56.50 1500.00 700.74
158 FEM 150.00 3.00 365.00 120.00 3.00 365.00 56.50 1500.00 981.22
159 FEM 150.00 4.00 365.00 120.00 4.00 365.00 56.50 1500.00  1253.48
160 FEM 150.00 5.00 365.00 120.00 5.00 365.00 56.50 1500.00  1536.02
161 FEM 180.00 1.00 340.00 100.00 1.00 340.00 56.50 1800.00 781.85
162 FEM 180.00 2.00 340.00 100.00 2.00 340.00 56.50 1800.00  1096.76
163 FEM 180.00 3.00 340.00 100.00 3.00 340.00 56.50 1800.00  1330.59
164 FEM 180.00 4.00 340.00 100.00 4.00 340.00 56.50 1800.00  1520.85
165 FEM 180.00 1.00 365.00 100.00 1.00 365.00 56.50 1800.00 780.00
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Model REF Ext Dia Extt Fyo Inn Dia Inn t Fyi fc high Nu
166 FEM 180.00 2.00 365.00 100.00 2.00 365.00 56.50 1800.00  1061.31
167 FEM 180.00 3.00 365.00 100.00 3.00 365.00 56.50 1800.00  1350.92
168 FEM 220.00 5.00 400.00 100.00 5.00 400.00 35.00 2000.00  2831.07
169 FEM 220.00 5.00 360.00 100.00 5.00 360.00 35.00 2000.00  2496.10
170 FEM 220.00 5.00 320.00 100.00 5.00 320.00 35.00 2000.00  2254.93
171 FEM 220.00 5.00 300.00 100.00 5.00 300.00 35.00 2000.00  2158.44
172 FEM 220.00 5.00 250.00 100.00 5.00 250.00 35.00 2000.00  1885.23
173 FEM 220.00 5.00 210.00 100.00 5.00 210.00 35.00 2000.00  1663.51
174 FEM 150.00 2.00 344.00 60.00 2.00 344.00 36.00 1500.00 822.29
175 FEM 150.00 2.00 344.00 60.00 2.00 344.00 36.00 2000.00 794.15
176 FEM 150.00 2.00 344.00 60.00 2.00 344.00 36.00 2500.00 743.29
177 FEM 150.00 2.00 344.00 60.00 2.00 344.00 36.00 3000.00 669.25
178 FEM 220.00 3.00 320.00 130.00 3.00 320.00 24.50 2000.00  1528.61
179 FEM 220.00 3.00 320.00 130.00 3.00 320.00 24.50 3000.00  1370.03
180 FEM 220.00 3.00 320.00 130.00 3.00 320.00 24.50 3500.00  1342.30
181 FEM 220.00 3.00 320.00 130.00 3.00 320.00 24.50 4000.00  1269.49
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Model Nu EC AISC GPR Xgb REC4 R AISC R GPR R Xgb
1 789.90 677.70 676.75 715.40 780.93 1.17 1.17 1.10 1.01
2 715.40 677.70 676.75 789.89 764.95 1.06 1.06 0.91 0.94
3 905.50 851.39 864.61 901.98 974.95 1.06 1.05 1.00 0.93
4 901.60 851.30 864.29 905.20 1006.05 1.06 1.04 1.00 0.90
5 831.70 77711 803.26 837.00 855.63 1.07 1.04 0.99 0.97
6 837.40 777.45 803.53 831.96 829.66 1.08 1.04 1.01 1.01
7 732.10 684.36 730.43 728.09 735.69 1.07 1.00 1.01 1.00
8 729.00 685.15 731.04 733.06 768.68 1.06 1.00 0.99 0.95
9 1195.60 1176.70 1193.40 1192.59 1162.44 1.02 1.00 1.00 1.03
10 1191.20 1176.05 1192.47 1193.91 1161.11 1.01 1.00 1.00 1.03
11 1047.30 1068.29 1106.16 1042.54 1075.18 0.98 0.95 1.00 0.97
12 1041.60 1067.57 1105.58 1046.48 1076.81 0.98 0.94 1.00 0.97
13 941.40 937.10 1003.04 949.11 923.09 1.00 0.94 0.99 1.02
14 949.00 936.54 1002.60 941.16 967.91 1.01 0.95 1.01 0.98
15 1286.40 1252.23 1280.41 1274.95 1294.80 1.03 1.00 1.01 0.99
16 1275.10 1253.18 1281.22 1286.95 1279.21 1.02 1.00 0.99 1.00
17 1187.20 1177.29 1203.79 1198.12 1168.43 1.01 0.99 0.99 1.02
18 1199.80 1178.35 1204.64 1188.55 1167.04 1.02 1.00 1.01 1.03
19 1028.00 1063.36 1112.85 1037.67 1050.35 0.97 0.92 0.99 0.98
20 1036.50 1062.37 1112.06 1026.92 1047.48 0.98 0.93 1.01 0.99
21 1730.00 1489.70 1462.59 1629.92 1705.72 1.16 1.18 1.06 1.01
22 1720.00 1490.23 1462.77 1629.99 1688.50 1.15 1.18 1.06 1.02
23 1581.60 1390.18 1410.35 1585.70 1584.94 1.14 1.12 1.00 1.00
24 1584.10 1389.95 1409.76 1580.35 1588.98 1.14 1.12 1.00 1.00
25 1451.40 1327.60 1344.76 1457.41 1465.43 1.09 1.08 1.00 0.99
26 1458.70 1328.64 1345.61 1452.73 1445.67 1.10 1.08 1.00 1.01
27 620.00 588.57 609.04 595.00 618.28 1.05 1.02 1.04 1.00
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Model Nu EC AISC GPR Xgb REC4 R AISC R GPR R Xgb
28 595.00 588.57 609.04 620.00 628.62 1.01 0.98 0.96 0.95
29 1683.15 1692.28 1799.92 1987.94  2349.46 0.99 0.94 0.85 0.72
30 3346.81 3181.62 3212.06  3918.11 3912.29 1.05 1.04 0.85 0.86
31 4074.84 3848.11 391530 425895  4419.51 1.06 1.04 0.96 0.92
32 5983.66 5829.09 574488  5504.03  5561.83 1.03 1.04 1.09 1.08
33 6493.49 6734.16 6678.39  5407.48  6883.44 0.96 0.97 1.20 0.94
34 8485.38 8124.39 8084.97  7277.65  7694.41 1.04 1.05 1.17 1.10
35 9882.58 9460.89 9484.30  6386.10  8150.26 1.04 1.04 1.55 1.21
36 1273.91 1269.91 1276.83 1324.11 1656.26 1.00 1.00 0.96 0.77
37 1701.68 1655.81 1686.16 171712 1605.18 1.03 1.01 0.99 1.06
38 1076.62 964.774 1051.43 1236.78 1028.68 1.12 1.02 0.87 1.05
39 1644.66 1825.93 2011.08 = 249995  2677.03 0.90 0.82 0.66 0.61
40 2878.30 2126.4 2341.55 1821.37 1705.58 1.35 1.23 1.58 1.69
a1 1259.77 1167.44 1180.04 1248.58 1246.16 1.08 1.07 1.01 1.01
a2 1874.52 1715.11 1720.62 1758.54  2041.25 1.09 1.09 1.07 0.92
43 2497.02 2221.65 226336 2436.39  2455.01 1.12 1.10 1.02 1.02
a4 3168.98 2709.85 2784.47 263397  2518.46 1.17 1.14 1.20 1.26
a5 1949.64 1758.7 1770.18 197195  2082.22 1.11 1.10 0.99 0.94
46 3038.98 2985.15 2971.24  3168.18  2966.91 1.02 1.02 0.96 1.02
ar 3021.88 2841.23 2852.68  3006.13  3126.48 1.06 1.06 1.01 0.97
48 2984.10 2681 272175 291174 2886.32 111 1.10 1.02 1.03
49 2809.29 2505.24 2580.60  2897.05  2652.03 1.12 1.09 0.97 1.06
50 2865.56 2855.47 281896  2733.03  3080.79 1.00 1.02 1.05 0.93
51 3324.31 3400.61 3390.62  3607.92  3196.21 0.98 0.98 0.92 1.04
52 3672.57 3667.54 3669.19  3764.66  3598.75 1.00 1.00 0.98 1.02
53 4173.14 4049.17 4072.79  4717.68  4034.14 1.03 1.02 0.88 1.03
54 3964.18 3701.69 3666.95  3881.71 3724.20 1.07 1.08 1.02 1.06
55 3782.55 3603.72 3574.31 3831.68  3810.51 1.05 1.06 0.99 0.99
56 3622.62 3484.6 3470.33  3569.81 3806.02 1.04 1.04 1.01 0.95
57 928.53 823.015 879.62 861.26 692.87 1.13 1.06 1.08 1.34
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Model Nu EC AISC GPR Xgb REC4 R AISC R GPR R Xgb
58 1177.16 1337.47 1386.92 1201.35 1465.02 0.88 0.85 0.98 0.80
59 3013.90 2887.19 284893  3064.42  2851.74 1.04 1.06 0.98 1.06
60 2841.02 4595.65 4668.61 4167.78  3518.98 0.62 0.61 0.68 0.81
61 3354.59 5146.49 5244.69  2566.56  3218.56 0.65 0.64 1.31 1.04
62 7196.86 4845.04 4912.07  4362.09  6237.46 1.49 1.47 1.65 1.15
63 787.32 1285.22 1314.48 876.82 947.62 0.61 0.60 0.90 0.83
64 760.00 1220.34 1244.49 724.71 832.57 0.62 0.61 1.05 091
65 732.95 1114.17 1159.96 817.38 757.26 0.66 0.63 0.90 0.97
66 935.90 1406.20 1428.55 975.72 949.45 0.67 0.66 0.96 0.99
67 933.85 1334.11 1355.35 913.02 978.95 0.70 0.69 1.02 0.95
68 927.74 1223.01 1266.71 987.56 884.59 0.76 0.73 0.94 1.05
69 2018.94 1875.14 1883.81 1985.78 1898.54 1.08 1.07 1.02 1.06
70 1873.85 1781.95 1816.78 1878.90 1830.10 1.05 1.03 1.00 1.02
71 1740.56 1703.73 1734.09 1737.30 1743.40 1.02 1.00 1.00 1.00
72 747.42 715.53 715.09 728.68 882.94 1.04 1.05 1.03 0.85
73 1513.48 1423.46 1391.57 1557.31 1627.86 1.06 1.09 0.97 0.93
74 1347.01 1313.16 1307.98 1340.54 1586.44 1.03 1.03 1.00 0.85
75 1758.16 1693.50 1728.56 1800.46 1844.96 1.04 1.02 0.98 0.95
76 1660.40 1637.87 1653.17 1632.85 1773.49 1.01 1.00 1.02 0.94
7 1454.48 1417.45 1476.69 1512.48 1670.90 1.03 0.98 0.96 0.87
78 785.59 739.65 751.74 761.07 772.55 1.06 1.05 1.03 1.02
79 1436.02 1428.40 1438.90 1649.35 1563.45 1.01 1.00 0.87 0.92
80 1302.32 1245.99 1230.33 1381.59 1220.10 1.05 1.06 0.94 1.07
81 1181.24 1184.67 1185.01 1134.35 1145.63 1.00 1.00 1.04 1.03
82 1031.58 1126.61 1129.18 1079.00 1157.41 0.92 0.91 0.96 0.89
83 1030.14 1063.70 1078.06 940.70 985.79 0.97 0.96 1.10 1.04
84 778.27 752.42 753.04 855.56 434.51 1.03 1.03 0.91 1.79
85 497.19 450.25 609.36 579.92 673.76 1.10 0.82 0.86 0.74
86 1137.56 1086.10 1102.09 1132.73 1057.23 1.05 1.03 1.00 1.08
87 1028.98 955.88 983.82 984.14 929.84 1.08 1.05 1.05 1.11
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Model Nu EC AISC GPR Xgb REC4 R AISC R GPR R Xgb
88 840.49 760.45 829.77 854.66 1100.61 111 1.01 0.98 0.76
89 1620.48 1548.95 1560.10 1557.41 1438.25 1.05 1.04 1.04 1.13
90 1460.60 1389.43 1418.36 1412.60 1388.92 1.05 1.03 1.03 1.05
91 1281.81 1149.48 1229.53 1237.38 1359.88 1.12 1.04 1.04 0.94
92 964.62 889.733 1252.97 1082.99 1000.56 1.08 0.77 0.89 0.96
93 1110.72 1092.35 1105.02 1118.34 1199.44 1.02 1.01 0.99 0.93
94 1123.87 1752.32 1789.07 1137.03 1376.03 0.64 0.63 0.99 0.82
95 1024.51 974.854 1010.47 1014.47 914.43 1.05 1.01 1.01 1.12
96 1112.39 15555 1630.60 1281.63 1449.79 0.72 0.68 0.87 0.77
97 6793.45 6173.49 6296.78  5851.82  7572.23 1.10 1.08 1.16 0.90
98 1373.07 1230.91 1168.57 1186.77 1119.87 1.12 1.18 1.16 1.23
99 1093.91 1087.53 1080.60 1227.93 1172.58 1.01 1.01 0.89 0.93
100 1043.82 933.275 954.29 1011.16 1050.21 1.12 1.09 1.03 0.99
101 787.22 747.92 804.83 963.57 913.35 1.05 0.98 0.82 0.86
102 2555.57 2288.38 228293 249354  2134.57 1.12 1.12 1.02 1.20
103 2302.30 2077.94 2099.00  2571.62  2081.17 1.11 1.10 0.90 1.11
104 1520.57 1443.62 2113.13 1720.68 1628.99 1.05 0.72 0.88 0.93
105 1205.99 1137.47 1447.28 1449.10  2387.01 1.06 0.83 0.83 0.51
106 4605.31 4460.13 4437.01 4303.78  3561.95 1.03 1.04 1.07 1.29
107 3449.33 3591.33 3530.58  3397.38  3716.17 0.96 0.98 1.02 0.93
108 5293.09 4805.4 4631.74  4280.67  3471.47 1.10 1.14 1.24 1.52
109 3120.45 2787.57 277793 302042  2971.83 1.12 1.12 1.03 1.05
110 3013.92 2468.64 251728  2761.29  2696.95 1.22 1.20 1.09 112
111 1859.25 1775.82 1779.37 1943.57 1770.28 1.05 1.04 0.96 1.05
112 1598.38 1563.92 1606.90 1762.82 1732.87 1.02 0.99 0.91 0.92
113 2578.79 2328.14 2268.03  2620.54  2590.36 1.11 1.14 0.98 1.00
114 2369.84 2153.01 216477  2368.79  2281.70 1.10 1.09 1.00 1.04
115 2181.48 1962.82 1991.94 214337  2317.75 1.11 1.10 1.02 0.94
116 643.57 582.54 592.68 648.56 645.75 1.10 1.09 0.99 1.00
117 1121.94 1018.04 1036.07 1021.08 1059.88 1.10 1.08 1.10 1.06
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Model Nu EC AISC GPR Xgb REC4 R AISC R GPR R Xgb
118 997.83 872.615 906.40 877.66 962.18 1.14 1.10 1.14 1.04
119 747.33 658.072 736.19 660.75 1008.77 1.14 1.02 1.13 0.74
120 1539.99 1365.7 1382.09 1551.41 1282.99 1.13 1.11 0.99 1.20
121 1391.11 1183.36 1221.29 1339.12 1227.75 1.18 1.14 1.04 1.13
122 1027.83 917.786 1011.17 1048.29 1078.36 1.12 1.02 0.98 0.95
123 740.49 667.421 858.07 763.40 1165.20 1.11 0.86 0.97 0.64
124 1600.55 1432.28 1428.57 1600.53 1564.99 1.12 1.12 1.00 1.02
125 2496.12 2232.26 2198.68  2496.11 2497.97 1.12 1.14 1.00 1.00
126 2027.85 1790.17 1841.21 2027.83  2028.24 1.13 1.10 1.00 1.00
127 1600.55 1432.28 1428.57 1600.54 1571.36 1.12 1.12 1.00 1.02
128 2496.12 2232.26 2198.68 ~ 2496.11 2506.33 1.12 1.14 1.00 1.00
129 2027.85 1790.17 1841.21 2027.82  2027.32 1.13 1.10 1.00 1.00
130 2515.09 2377.09 2348.05 = 2613.05 = 2493.71 1.06 1.07 0.96 1.01
131 2467.88 2199.37 2188.14  2466.08  2409.70 1.12 1.13 1.00 1.02
132 2328.39 1959.94 1990.12  2276.07  2072.86 1.19 1.17 1.02 1.12
133 3179.97 3004.45 295296  3070.32  2663.33 1.06 1.08 1.04 1.19
134 3133.11 2786.05 275874 311636 2621.50 1.12 1.14 1.01 1.20
135 2485.76 2165.03 2249.40  2303.20  2455.65 1.15 1.11 1.08 1.01
136 700.78 640.358 644.49 679.80 720.05 1.09 1.09 1.03 0.97
137 584.67 483.659 516.99 569.13 700.19 124y 1.13 1.03 0.84
138 941.33 849.693 852.04 937.06 996.76 111 1.10 1.00 0.94
139 800.31 654.452 695.86 887.17 1026.02 1.22 1.15 0.90 0.78
140 3586.41 3272.99 317199  3280.82  2949.41 1.10 1.13 1.09 1.22
141 3199.78 2969.1 2989.37 327185  3229.32 1.08 1.07 0.98 0.99
142 2959.29 2664.97 2738.81 3034.76  3399.57 1.11 1.08 0.98 0.87
143 2604.96 2184.01 215197 241159  2470.17 1.19 1.21 1.08 1.05
144 2303.82 2000.33 201576  2408.39  2219.08 1.15 1.14 0.96 1.04
145 2147.27 1771.24 1832.87  2025.06  2203.19 1.21 1.17 1.06 0.97
146 1778.47 1496.31 1617.76 1855.85 1606.54 1.19 1.10 0.96 1.11
147 2056.70 1985.96 1982.06 192832 2112.69 1.04 1.04 1.07 0.97
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Model Nu EC AISC GPR Xgb REC4 R AISC R GPR R Xgb
148 2722.56 2654.77 2689.92  2774.07  2624.25 1.03 1.01 0.98 1.04
149 3384.56 3304.27 3371.72  2965.99  3128.96 1.02 1.00 1.14 1.08
150 1784.76 2064.12 212684  2253.28  2497.80 0.86 0.84 0.79 0.71
151 2521.44 2704.21 2840.41 2782.41 2453.81 0.93 0.89 0.91 1.03
152 3285.74 332292 3526.04  3646.08  3310.25 0.99 0.93 0.90 0.99
153 2861.60 3494.62 3677.67  2885.05  3135.70 0.82 0.78 0.99 0.91
154 3632.74 4059.18 431236 335793  3579.38 0.89 0.84 1.08 1.01
155 4466.82 4601.42 4918.80  3456.17  4009.55 0.97 0.91 1.29 1.11
156 429.66 575.15 577.72 576.39 694.42 0.75 0.74 0.75 0.62
157 700.74 819.45 838.30 690.33 626.18 0.86 0.84 1.02 1.12
158 981.22 1059.44 1090.62 1020.66 982.25 0.93 0.90 0.96 1.00
159 1253.48 1295.38 1338.23 1233.68 1299.92 0.97 0.94 1.02 0.96
160 1536.02 1527.4 1581.34 1645.81 1629.47 1.01 0.97 0.93 0.94
161 781.85 1119.93 1096.27 828.41 1023.01 0.70 0.71 0.94 0.76
162 1096.76 1354.37 1345.48 1054.88 840.76 0.81 0.82 1.04 1.30
163 1330.59 1583.23 1588.76 1337.71 1228.27 0.84 0.84 0.99 1.08
164 1520.85 1807.58 1826.99 1581.65 1549.13 0.84 0.83 0.96 0.98
165 780.00 1137.27 1114.05 740.13 1016.14 0.69 0.70 1.05 0.77
166 1061.31 1389.81 1381.37 1064.64 964.76 0.76 0.77 1.00 1.10
167 1350.92 1636.96 1642.67 1342.65 1300.73 0.83 0.82 1.01 1.04
168 2831.07 2588.85 263544  2866.83  2701.84 1.09 1.07 0.99 1.05
169 2496.10 2432.41 2467.02  2570.61 2356.98 1.03 1.01 0.97 1.06
170 2254.93 2275.48 2296.83  2151.84  2137.29 0.99 0.98 1.05 1.06
171 2158.44 2196.7 2211.06  2053.23 1708.84 0.98 0.98 1.05 1.26
172 1885.23 1998.36 1994.67 1964.05 1819.47 0.94 0.95 0.96 1.04
173 1663.51 1837.67 1819.53 1897.83 1989.51 0.91 0.91 0.88 0.84
174 822.29 844.875 845.39 862.24 768.61 0.97 0.97 0.95 1.07
175 794.15 786.364 791.14 780.21 687.98 1.01 1.00 1.02 1.15
176 743.29 706.025 726.47 738.14 721.95 1.05 1.02 1.01 1.03
177 669.25 615.283 654.56 685.62 736.80 1.09 1.02 0.98 0.91
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Model Nu EC AISC GPR Xgb REC4 R AISC R GPR R Xgb
178 1528.61 1460.12 1477.90 1502.74 1490.72 1.05 1.03 1.02 1.03
179 1370.03 1358.02 1375.92 1413.46 1297.22 1.01 1.00 0.97 1.06
180 1342.30 1280.82 1313.43 1305.56 1331.11 1.05 1.02 1.03 1.01
181 1269.49 1194.75 1244.85 1344.39 1242.25 1.06 1.02 0.94 1.02
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Model REF Ext Dia Ext t Fyo Inn Dia Inn t Fyi fc high Nu
1 [9] 180.00 3.00 275.90 48.00 3.00 396.10 37.92 540.00 1790.00
2 180.00 3.00 275.90 48.00 3.00 396.10 37.92 540.00 1791.00
3 180.00 3.00 275.90 88.00 3.00 370.20 37.92 540.00 1648.00
4 180.00 3.00 275.90 88.00 3.00 370.20 37.92 540.00 1650.00
5 180.00 3.00 275.90 140.00 3.00 342.00 37.92 540.00 1435.00
6 180.00 3.00 275.90 140.00 3.00 342.00 37.92 540.00 1358.00
7 114.00 3.00 294.50 58.00 3.00 374.50 37.92 342.00 904.00
8 114.00 3.00 294.50 58.00 3.00 374.50 37.92 342.00 898.00
9 240.00 3.00 275.90 114.00 3.00 294.50 37.92 720.00 2421.00
10 240.00 3.00 275.90 114.00 3.00 294.50 37.92 720.00 2460.00
11 300.00 3.00 275.90 165.00 3.00 320.50 37.92 900.00 3331.00
12 300.00 3.00 275.90 165.00 3.00 320.50 37.92 900.00 3266.00
13 [10] 114.30 6.00 454.00 48.30 2.90 425.00 63.40 400.00 1665.00
14 114.30 4.80 416.00 48.30 2.90 425.00 63.40 400.00 1441.00
15 114.30 3.60 453.00 48.30 2.90 425.00 63.40 400.00 1243.00
16 114.30 3.20 430.00 48.30 2.90 425.00 63.40 400.00 1145.00
17 165.10 3.50 433.00 101.60 3.30 394.00 63.40 400.00 1629.00
18 165.10 3.00 395.00 101.60 3.20 394.00 63.40 500.00 1613.00
19 163.80 2.35 395.00 101.60 3.20 394.00 63.40 500.00 1487.00
20 163.00 1.95 395.00 101.60 3.20 394.00 63.40 500.00 1328.00
21 162.50 1.70 395.00 101.60 3.20 394.00 63.40 500.00 1236.00
22 [11] 158.00 0.90 221.00 38.00 0.90 221.00 18.70 450.00 635.00
23 159.00 0.90 221.00 76.00 0.90 221.00 18.70 450.00 540.00
24 158.00 1.50 308.00 39.00 1.50 308.00 18.70 450.00 851.60
25 158.00 1.50 308.00 77.00 1.50 308.00 18.70 450.00 728.10
26 158.00 1.50 308.00 114.00 1.50 308.00 18.70 450.00 589.00
27 158.00 2.14 286.00 40.00 2.14 286.00 18.70 450.00 968.20
28 158.00 2.14 286.00 77.00 2.14 286.00 18.70 450.00 879.10
29 157.00 2.14 286.00 115.00 2.14 286.00 18.70 450.00 703.60
30 [12] 114.50 5.90 454.00 48.40 2.80 425.00 63.40 400.00 1418.00
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31 114.60 4.70 416.00 48.40 2.80 425.00 63.40 400.00 1390.00
32 114.40 3.50 453.00 48.40 2.80 425.00 63.40 400.00 1191.00
33 114.20 3.00 430.00 48.40 2.80 425.00 63.40 400.00 1100.00
34 165.10 3.50 433.00 101.80 3.10 410.00 63.40 400.00 1700.00
35 [13] 160.00 1.00 220.00 75.00 1.00 220.00 23.60 400.00 540.00
36 160.00 1.50 255.00 75.00 1.50 255.00 23.60 400.00 728.00
37 160.00 1.50 255.00 112.00 1.50 255.00 23.60 400.00 589.00
38 160.00 2.10 300.00 75.00 2.10 300.00 23.60 400.00 879.00
39 160.00 2.10 300.00 112.00 2.10 300.00 23.60 400.00 703.00
40 [14] 500.20 4.02 366.00 301.60 3.02 366.00 28.00 998.00 4206.00
41 500.30 4.03 366.00 302.10 3.01 366.00 28.00 1001.00 4606.00
a2 500.10 4.01 366.00 300.90 3.00 366.00 28.00 1000.00 4789.00
43 498.90 3.01 366.00 299.80 3.00 366.00 28.00 1001.00 4162.00
a4q 498.50 2.99 366.00 302.10 2.98 366.00 28.00 1002.00 3886.50
a5 499.60 3.02 366.00 301.50 2.99 366.00 28.00 1000.00 3882.00
a6 601.10 4.01 366.00 401.20 2.98 366.00 28.00 1001.00 5383.50
a7 602.30 4.02 366.00 402.10 2.97 366.00 28.00 1003.00 5370.50
48 603.40 3.98 366.00 401.50 3.02 366.00 28.00 1001.00 4820.00
49 601.50 2.98 366.00 399.80 3.01 366.00 28.00 999.00 4415.00
50 601.20 3.02 366.00 400.10 3.02 366.00 28.00 999.00 4084.50
51 400.20 3.01 366.00 241.20 3.01 366.00 28.00 1002.00 3423.00
52 400.60 3.02 366.00 240.50 3.00 366.00 28.00 2003.00 3013.00
53 398.20 3.00 366.00 239.80 3.00 366.00 28.00 2501.00 3256.50
54 401.20 4.00 366.00 240.20 3.00 366.00 28.00 1001.00 3828.00
55 400.70 4.02 366.00 240.10 3.02 366.00 28.00 2005.00 3542.00
56 400.30 4.05 366.00 240.00 3.05 366.00 28.00 2502.00 3790.00
57 401.20 3.02 366.00 240.00 2.99 366.00 28.00 1002.00 2990.00
58 400.10 2.98 366.00 240.20 2.98 366.00 28.00 2498.00 3490.00
59 [15] 190.60 5.15 346.90 34.00 3.08 348.20 37.50 571.80 2718.00
60 190.50 513 346.90 33.90 3.10 348.20 37.50 571.50 2724.00
61 190.50 5.15 346.90 59.60 3.32 342.10 37.50 571.50 2718.00
62 188.20 5.04 346.90 59.10 3.28 342.10 37.50 564.60 2482.00
63 190.70 5.11 346.90 101.60 4.03 345.80 37.50 572.10 2626.00
64 189.20 5.08 346.90 101.20 4.05 345.80 37.50 567.60 2462.00
65 188.90 5.09 464.00 33.70 3.09 348.20 37.50 566.70 3182.00
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66 188.90 5.12 464.00 33.50 3.06 348.20 37.50 566.70 3232.00
67 191.00 5.15 464.00 59.40 3.31 342.10 37.50 573.00 3286.00
68 190.10 5.11 464.00 59.10 3.29 342.10 37.50 570.30 3242.00
69 190.70 5.15 464.00 101.10 4.10 345.80 37.50 572.10 3082.00
70 190.70 5.09 464.00 100.90 4.07 345.80 37.50 572.10 3192.00
71 190.40 5.15 346.90 59.90 3.33 342.10 29.00 571.20 2460.00
72 190.00 5.11 346.90 59.10 3.31 342.10 29.00 570.00 2494.00
73 189.10 5.10 346.90 59.40 3.35 342.10 37.50 567.30 2623.00
74 190.10 5.07 346.90 59.70 3.35 342.10 37.50 570.30 2588.00
75 189.90 5.12 346.90 58.90 3.31 342.10 51.00 569.70 2950.00
76 188.60 5.08 346.90 58.90 3.33 342.10 51.00 565.80 3026.00
7 190.30 4.26 336.80 59.40 3.36 342.10 37.50 570.90 2376.00
78 190.10 4.21 336.80 59.30 3.30 342.10 37.50 570.30 2406.00
79 189.70 5.12 346.90 59.50 3.32 342.10 37.50 569.10 2611.00
80 188.80 5.08 346.90 59.50 3.31 342.10 37.50 566.40 2579.00
81 189.10 6.77 327.30 59.70 3.34 342.10 37.50 567.30 2894.00
82 188.60 6.73 327.30 59.80 3.33 342.10 37.50 565.80 2928.00
83 [16] 165.20 3.68 357.70 42.50 3.19 409.80 53.70 495.60 2060.00
84 164.90 3.69 357.70 42.70 3.20 409.80 53.70 494.70 2003.00
85 165.00 3.68 357.70 42.60 3.21 409.80 90.70 495.00 2423.00
86 165.10 3.70 357.70 42.70 3.19 409.80 90.70 495.30 2446.00
87 164.80 3.69 357.70 42.60 3.20 409.80 141.00 494.40 3068.00
88 164.90 3.69 357.70 42.50 3.20 409.80 141.00 494.70 3110.00
89 165.00 3.70 357.70 76.00 2.80 385.60 53.70 495.00 1831.00
90 165.00 3.70 357.70 76.20 2.79 385.60 53.70 495.00 1876.00
91 165.10 3.67 357.70 76.10 2.81 385.60 90.70 495.30 2174.00
92 165.20 3.69 357.70 76.40 2.80 385.60 90.70 495.60 2202.00
93 164.80 3.68 357.70 76.30 2.80 385.60 141.00 494.40 2732.00
94 164.70 3.71 357.70 76.10 2.78 385.60 141.00 494.10 2736.00
95 165.30 5.96 347.00 76.10 2.79 385.60 53.70 495.90 2183.00
96 165.00 5.99 347.00 76.20 2.81 385.60 53.70 495.00 2203.00
97 164.90 6.01 347.00 75.90 2.80 385.60 90.70 494.70 2666.00
98 164.80 6.00 347.00 75.80 2.80 385.60 90.70 494.40 2631.00
99 164.90 6.01 347.00 76.00 2.81 385.60 141.00 494.70 3110.00
100 164.80 6.00 347.00 76.10 2.78 385.60 141.00 494.40 3032.00
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101 165.20 5.95 428.60 76.10 2.79 385.60 53.70 495.60 2645.00
102 165.00 5.96 428.60 76.00 2.79 385.60 53.70 495.00 2601.00
103 165.00 5.99 428.60 75.80 2.80 385.60 90.70 495.00 2971.00
104 165.00 6.01 428.60 75.90 2.78 385.60 90.70 495.00 2911.00
105 165.10 594 428.60 75.90 2.80 385.60 141.00 495.30 3322.00
106 164.90 6.02 428.60 76.10 2.80 385.60 141.00 494.70 3304.00
107 [17] 114.30 5.85 455.00 60.30 2.52 396.00 39.03 342.90 1421.54
108 114.30 5.85 455.00 60.30 5.77 310.00 39.03 342.90 1574.26
109 114.30 2.73 285.00 60.30 2.52 396.00 39.03 342.90 734.60
110 114.30 2.73 285.00 60.30 5.77 310.00 39.03 342.90 913.07
111 114.30 5.85 455.00 60.30 2.52 396.00 65.30 342.90 1505.67
112 114.30 5.85 455.00 60.30 5.77 310.00 65.30 342.90 1666.41
113 114.30 2.73 285.00 60.30 2.52 396.00 65.30 342.90 899.21
114 114.30 2.73 285.00 60.30 5.77 310.00 65.30 342.90 1088.06
115 [18] 114.30 2.74 355.00 60.30 2.52 396.00 41.58 342.90 789.42
116 114.30 6.11 535.00 60.30 2.52 396.00 41.58 342.90 1681.98
117 114.30 2.74 355.00 60.30 5.77 310.00 41.58 342.90 969.16
118 114.30 6.11 535.00 60.30 5.77 310.00 41.58 342.90 1823.35
119 114.30 2.74 355.00 60.30 2.52 396.00 68.89 342.90 914.32
120 114.30 6.11 535.00 60.30 2.52 396.00 68.89 342.90 1752.89
121 114.30 2.74 355.00 60.30 5.77 310.00 68.89 342.90 1068.06
122 114.30 6.11 535.00 60.30 5.77 310.00 68.89 342.90 1889.69
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Model Nu EC4 AISC GPR Xgb R EC4 R AISC R GPR R Xgb
1 1790.00 1620.58 1408.56 1791.00 1745.45 1.10 1.27 1.00 1.03
2 1791.00 1620.58 1408.56 1790.00 1717.98 1.11 1.27 1.00 1.04
3 1648.00 1512.18 1384.01 1650.00 1634.39 1.09 1.19 1.00 1.01
4 1650.00 1512.18 1384.01 1648.00 1641.07 1.09 1.19 1.00 1.01
5 1435.00 1160.65 1196.59 1358.01 1476.59 1.24 1.20 1.06 0.97
6 1358.00 1160.65 1196.59 1435.01 1543.23 1.17 1.13 0.95 0.88
7 904.00 795.42 731.65 898.01 884.39 1.14 1.24 1.01 1.02
8 898.00 795.42 731.65 904.01 908.43 1.13 1.23 0.99 0.99
9 2421.00  2310.25 2090.32 ~ 2459.99 248341 1.05 1.16 0.98 0.97
10 2460.00  2310.25 2090.32  2420.99  2455.35 1.06 1.18 1.02 1.00
11 3331.00 314774 291537  3265.98 3184.61 1.06 1.14 1.02 1.05
12 3266.00  3147.74  2915.37 3330.98 3214.13 1.04 1.12 0.98 1.02
13 1665.00 1657.08 1468.17 1707.52 1559.10 1.00 1.13 0.98 1.07
14 1441.00 1410.94 1255.28 1830.42 1606.90 1.02 1.15 0.79 0.90
15 1243.00 1294.67 1159.94 1560.42 1330.42 0.96 1.07 0.80 0.93
16 1145.00 1200.65 1082.27 1367.15 1143.22 0.95 1.06 0.84 1.00
17 1629.00 1988.06 1853.94 1885.94 1553.75 0.82 0.88 0.86 1.05
18 1613.00 1778.42 1687.20 1778.04 1597.70 0.91 0.96 0.91 1.01
19 1487.00 1622.56 1554.97 1583.02 1348.61 0.92 0.96 0.94 1.10
20 1328.00 1527.18 1474.06 1656.61 1526.44 0.87 0.90 0.80 0.87
21 1236.00 1467.80 1423.67 1674.65 1536.53 0.84 0.87 0.74 0.80
22 635.00 503.79 439.02 1078.98 815.16 1.26 1.45 0.59 0.78
23 540.00 453.03 407.74 933.82 589.22 1.19 1.32 0.58 0.92
24 851.60 711.03 591.85 1075.78 747.17 1.20 1.44 0.79 1.14
25 728.10 661.58 585.69 982.58 712.46 1.10 1.24 0.74 1.02
26 589.00 553.71 541.40 1105.45 630.33 1.06 1.09 0.53 0.93
27 968.20 825.21 675.86 1132.62 896.50 1.17 1.43 0.85 1.08
28 879.10 77991 686.65 1018.08 852.25 1.13 1.28 0.86 1.03
29 703.60 657.54 652.28 1221.74 752.26 1.07 1.08 0.58 0.94
30 1418.00 164291 1453.67 1775.27 1622.28 0.86 0.98 0.80 0.87
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Model Nu EC4 AISC GPR Xgb R EC4 R AISC R GPR R Xeb
31 1390.00 1398.64 1242.89 1804.51 1428.85 0.99 1.12 0.77 0.97
32 1191.00 127581 114270 153537  1189.92 0.93 1.04 0.78 1.00
33 1100.00 1163.21 1050.25 1407.08 1028.94 0.95 1.05 0.78 1.07
34 1700.00 1979.09 1844.64 1725.54 1617.18 0.86 0.92 0.99 1.05
35 540.00 554.75 499.28 984.79 714.65 0.97 1.08 0.55 0.76
36 728.00 690.46 610.94 961.07 571.80 1.05 1.19 0.76 1.27
37 589.00 557.16 534.26 1090.14 521.42 1.06 1.10 0.54 1.13
38 879.00 893.89 781.36 1047.83  802.14 0.98 1.12 0.84 1.10
39 703.00 758.22 733.37 1206.99 847.64 0.93 0.96 0.58 0.83
40 4206.00 7167.19 6467.87 4596.89 4692.86 0.59 0.65 0.91 0.90
41 4606.00 7166.03 6467.57 4390.61 4820.70 0.64 0.71 1.05 0.96
42 4789.00 7161.82 6459.63 4383.34 4394.49 0.67 0.74 1.09 1.09
43 4162.00 6446.16 5916.18 3826.72 3613.17 0.65 0.70 1.09 1.15
a4 3886.50 6383.08 5868.42 3846.17 3988.25 0.61 0.66 1.01 0.97
45 3882.00 6447.26 5919.52 4025.21 4181.69 0.60 0.66 0.96 0.93
46 5383.50 8774.36 8083.16 5254858 4913.33 0.61 0.67 1.03 1.10
a7 5370.50 8803.36 8108.17 5193.48 4583.96 0.61 0.66 1.03 1.17
48 4820.00 8841.44 8145.92 4794.68 4821.64 0.55 0.59 1.01 1.00
49 4415.00 7992.00 7475.32 3963.98 4283.37 0.55 0.59 1.11 1.03
50 4084.50 8012.36 7492.74 4278.27 4259.61 0.51 0.55 0.95 0.96
51 3423.00 4554.22 4207.29 3001.11 3469.43 0.75 0.81 1.14 0.99
52 3013.00 4370.84 4161.09 2589.76 3133.67 0.69 0.72 1.16 0.96
53 3256.50 4173.00 4065.30 3387.30 3524.02 0.78 0.80 0.96 0.92
54 3828.00 5119.05 4645.78 3062.12 3883.81 0.75 0.82 1.25 0.99
55 3542.00 4849.63 4585.20 2608.12 3553.82 0.73 0.77 1.36 1.00
56 3790.00 4687.79 4550.21 2529.82 3455.88 0.81 0.83 1.50 1.10
57 2990.00 459270 423391 3401.22  3292.60 0.65 0.71 0.88 0.91
58 3490.00 4200.22 4087.31 3180.01 3584.00 0.83 0.85 1.10 0.97
59 2718.00 2443.94 1974.66 2678.69 2754.80 1.11 1.38 1.01 0.99
60 2724.00 2467.93 1992.50 2694.35 2644.42 1.10 1.37 1.01 1.03
61 2718.00 2444.30 2034.67 2608.79 2563.88 1.11 1.34 1.04 1.06
62 2482.00 2373.60 1977.60 2578.27 2885.15 1.05 1.26 0.96 0.86
63 2626.00 2291.24 2067.90 2406.83 2750.87 1.15 1.27 1.09 0.95
64 2462.00 2242.12 2027.99 2393.62 2614.82 1.10 1.21 1.03 0.94
65 3182.00 2890.29 2308.63 3069.35 3257.16 1.10 1.38 1.04 0.98
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Model Nu ECa AISC GPR Xgb R EC4 R AISC RGPR R Xgb
66 323200  2899.75 231461 301561  3288.81 1.11 1.40 1.07 0.98
67 3286.00 290210 238836  3129.92  3056.85 1.13 1.38 1.05 1.07
68 3242.00  2869.66  2361.88 314337  2826.82 1.13 1.37 1.03 1.15
69 3082.00  2723.41 242866 2978.75  3080.66 1.13 1.27 1.03 1.00
70 3192.00  2705.18  2411.45 293247  3055.17 1.18 1.32 1.09 1.04
71 2460.00  2257.79  1852.85  2497.67  2692.52 1.09 133 0.98 0.91
72 249400 224211 183844  2454.34 295593 1.11 1.36 1.02 0.84
73 2623.00  2407.19 200586  2595.76  2623.79 1.09 1.31 1.01 1.00
74 2588.00 241829  2016.15  2600.04  2456.23 1.07 1.28 1.00 1.05
75 2950.00  2719.63 230599  2906.73 ~ 2433.96 1.08 1.28 1.01 1.21
76 3026.00  2681.58 227570 287558  2567.91 1.13 1.33 1.05 1.18
77 2376.00 219277 185229 235352 242553 1.08 1.28 1.01 0.98
78 2406.00  2174.94  1837.44 = 230685  2596.84 1.11 131 1.04 0.93
79 2611.00  2421.95 = 201697  2668.26  2819.54 1.08 1.29 0.98 0.93
80 2579.00  2394.68 199554 253891  2776.58 1.08 1.29 1.02 0.93
81 2894.00  2698.49 221829  2857.26  2734.26 1.07 1.30 1.01 1.06
82 2928.00 267853  2203.05  2839.64  2959.52 1.09 1.33 1.03 0.99
83 2060.00  2026.02  1739.43  1983.44  2135.48 1.02 1.18 1.04 0.96
84 2003.00 202236 173656  2056.50  2352.99 0.99 1.15 0.97 0.85
85 242300  2669.51 236309  2388.72  2524.72 0.91 1.03 1.01 0.96
86 2446.00  2675.08 = 2367.23 237826  2298.79 091 1.03 1.03 1.06
87 3068.00  3548.22 320451 310957  2867.50 0.86 0.96 0.99 1.07
88 311000 355296 320865  3067.78  2922.54 0.88 0.97 1.01 1.06
89 1831.00  1871.09 166856  1876.08 219551 0.98 1.10 0.98 0.83
90 1876.00  1869.22  1667.19  1828.65  1830.40 1.00 1.13 1.03 1.02
91 217400  2408.11  2186.07 219087  2419.44 0.90 0.99 0.99 0.90
92 220200 241079 218841  2168.95  2299.47 0.91 1.01 1.02 0.96
93 273200 313197 287759  2674.42  2755.84 0.87 0.95 1.02 0.99
94 2736.00  3134.08  2878.06  2663.18  2798.89 0.87 0.95 1.03 0.98
95 2183.00 226565 1978.14 221632  2416.91 0.96 1.10 0.98 0.90
9% 2203.00 2264.46 197821  2208.47  2311.31 0.97 1.11 1.00 0.95
97 2666.00 276157  2459.05  2629.25  2814.24 0.97 1.08 1.01 0.95
98 2631.00 275797 245578  2662.40  2769.23 0.95 1.07 0.99 0.95
99 3110.00 343562  3109.63 237456  2876.65 0.91 1.00 1.31 1.08
100 303200  3426.19  3101.03 2373.70  2922.68 0.88 0.98 1.28 1.04
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Model Nu EC4 AISC GPR Xgb R EC4 R AISC R GPR R Xgb
101 2645.00 2551.84 221391 2595.09 2468.37 1.04 1.19 1.02 1.07
102 2601.00  2549.72 221196 264175  2638.40 1.02 1.18 0.98 0.99
103 2971.00 3052.99 2699.75 2860.13 2865.53 0.97 1.10 1.04 1.04
104 2911.00 3054.45 2700.67 2894.77 2955.87 0.95 1.08 1.01 0.98
105 3322.00 3721.83 3347.94 3074.14 3208.12 0.89 0.99 1.08 1.04
106 3304.00 3723.12 3348.78 3048.28 3160.11 0.89 0.99 1.08 1.05
107 1421.54 1430.01 1277.28 1969.24 1386.90 0.99 1.11 0.72 1.02
108 1574.26 1529.35 1400.89 1903.85 1572.60 1.03 1.12 0.83 1.00
109 734.60 742.61 687.94 137791 859.44 0.99 1.07 0.53 0.85
110 913.07 842.70 811.74 1523.12 ~ 1048.71 1.08 1.12 0.60 0.87
111 1505.67 1567.54 1410.56 1953.14 1535.07 0.96 1.07 0.77 0.98
112 1666.41 1667.58 1534.12 1902.57 1710.28 1.00 1.09 0.88 0.97
113 899.21 908.79 846.99 1472.62 866.50 0.99 1.06 0.61 1.04
114 1088.06 1009.85 970.69 1491.03 1022.83 1.08 1.12 0.73 1.06
115 789.42 841.13 770.46 1412.13 82516 0.94 1.02 0.56 0.96
116 1681.98  1663.04  1487.72 193830  1649.28 1.01 1.13 0.87 1.02
117 969.16 941.34 894.17 1532.96 949.76 1.03 1.08 0.63 1.02
118 1823.35 1763.18 1611.20 1874.38 1821.41 1.03 1.13 0.97 1.00
119 914.32 1013.30 935.57 1467.38 917.26 0.90 0.98 0.62 1.00
120 175289  1803.74 162397 195220  1673.16 0.97 1.08 0.90 1.05
121 1068.06 1114.53 1059.18 1558.97 1022.60 0.96 1.01 0.69 1.04
122 1889.69 1904.52 1747.41 1904.29 1901.78 0.99 1.08 0.99 0.99
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Model  Ext Dia Ext t Fyo fc InnDia  Innt Fyi high Nu Exp Nu FEM EXP/FEM
1 120.00 1.96 311.00 53.12 60.00 1.96 380.00 1324 789.90 689.41 1.15
2 120.00 1.96 311.00 53.12 60.00 1.96 380.00 1324 715.40 689.41 1.04
3 139.20 3.00 418.00 24.64 76.00 2.00 418.00 1500 905.50 901.75 1.00
a4 139.20 3.00 418.00 24.64 76.00 2.00 41800 1503 901.60 901.75 1.00
5 139.20 3.00 418.00 24.64 76.00 2.00  418.00 2000 831.70 857.62 0.97
6 139.20 3.00 418.00 24.64 76.00 2.00 418.00 1998 837.40 857.62 0.98
7 139.20 3.00 418.00 24.64 76.00 2.00 418.00 2502 732.10 782.70 0.94
8 139.20 3.00 418.00 24.64 76.00 2.00 418.00 2498 729.00 782.70 0.93
9 152.40 3.00 549.00 24.64 76.00 2.00 549.00 1497 1195.60  1005.40 1.19
10 152.40 3.00 549.00 24.64 76.00 2.00 549.00 1503 1191.20  1005.40 1.18
11 152.40 3.00 549.00 24.64 76.00 2.00 549.00 1997 1047.30 973.34 1.08
12 152.40 3.00 549.00 24.64 76.00 2.00 549.00 2000 1041.60 973.34 1.07
13 152.40 3.00 549.00 24.64 76.00 2.00 549.00 2498 941.40 900.14 1.05
14 152.40 3.00 549.00 24.64 76.00 2.00  549.00 2500 949.00 900.14 1.05
15 165.10 3.00 516.00 24.64 76.00 2.00 516.00 1504 1286.40 1392.15 0.92
16 165.10 3.00 516.00 24.64 76.00 2.00 516.00 1498 1275.10 1392.15 0.92
17 165.10 3.00 516.00 24.64 76.00 2.00 516.00 2003 1187.20  1201.00 0.99
18 165.10 3.00 516.00 24.64 76.00 200 516.00 1998 1199.80  1201.00 1.00
19 165.10 3.00 516.00 24.64 76.00 2.00 516.00 2498 1028.00  1119.60 0.92
20 165.10 3.00 516.00 24.64 76.00 2.00 516.00 2502 1036.50  1119.60 0.93
21 193.70 3.50 391.00 24.64 76.00 2.00  391.00 1502 1730.00 1537.08 1.13
22 193.70 3.50 391.00 24.64 76.00 2.00  391.00 1500 1720.00 1537.08 1.12
23 193.70 3.50 391.00 24.64 76.00 2.00  391.00 1998 1581.60 1430.02 1.11
24 193.70 3.50 391.00 24.64 76.00 2.00  391.00 2003 1584.10 1430.02 1.11
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Model  Ext Dia  Extt Fyo fc InnDia  Innt Fyi high NuExp  NuFEM EXP/FEM
25 193.70 3.50 391.00 24.64 76.00 2.00  391.00 2503 1451.40 1386.93 1.05
26 193.70 3.50 391.00 24.64 76.00 2.00  391.00 2497 1458.70 1386.93 1.05
27 114.00 3.00 294.50 37.04 58.00 3.00 37450 1770 620.00 601.64 1.03
28 114.00 3.00 294.50 37.04 58.00 3.00 37450 1770 595.00 601.64 0.99
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