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## 5270617321 : MAJOR CIVIL ENGINEERING
KEYWORDS : EFFECTIVE WIDTH METHOD / ITERATIONS / SIMPIFIED METHOD /
HEURISTIC METHOD

PRATHUMRAT THAKSASERANI : OPTIMUM DESIGN OF COLD-FORMED
STEEL STRUCTURES BY EFFECTIVE WIDTH AND HEURISTIC METHODS.
ADVISOR : PROF.THAKSIN THEPCHATRI, Ph.D., 101 pp.

According to EIT specification, the design of cold-formed steel beams using
effective width method is tedious and time consumption. This is due to the procedure
of elastic section modulus calculation which requires iterations until the change of the
neutral axis of the effective section is less than the specified error. The bending
moment capacity of the beam can then be computed. This research presents simply

equations in the calculation step to eject the iteration process.

Cold-formed steel channels with simple lips having depth from 105 mm to
350 mm and thickness from 1 mm to 3 mm are used in this study. From the study it
has been shown that the maximum difference of the elastic section modulus of the
effective section computed from the proposed simplified method and the EIT
specification is 1.12%. The comparison is based on stress levels vary from 50

percent to 100 percent of the yield stress.

In the optimum design process, the proposed simplified equations are used
in conjunction with the heuristic algorithm. From a selected cold-formed steel
structure, the study has shown that the method can effectively search for member

sizes to obtain the minimum structural weight.
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2.2.1 TudIULAzAUNANTRIDINEIAR
2.2.1.1 423N ALAEIaNANTUINLINLAUIA

2.2.1.1.1 4aNaITUITRIDATIFIUAIINNINAIULTLLADAITNAUN

PRILHULIN

o

dnsndounrungnedauizausianunungedn TnansdlldAnunulgdunidan

Aananawazli tifluANNUIAINIBITUAIU FRTIAIUAINNNANAIUEIUADAITNIUN
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wannngeganaanliazunliaintdansselii
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Qsz ] R o o 1% tﬂl ' o 1 A oAl
1. FudrudanutinfunsaaatetlangnNe1e I UNESAR A ULHULIA1Ta LNWTN

dnuilanedninuuilegniialag seuidintuusssuan (simple lip) 19 w/t <60

2. FuAulatedAS UL RTINUAUANENIEAI A UAATUTUAIU

anatinawlii w/t <500
& 4 o W,
3. Fudruilanetinuiuwsedn Wi w/t <60
Tme
b % 1 = =
W= AYNNINNAUETY LD WEUT N
t= A NNUIABILNUTIN
2.2.1.1.2 ARFIEIUAMNANABAMNUUININNFAUDILEULAT
o 1 1 '3 o o % I Aa = [ o o | dgl
FRINAIU N/t UBILNULAIBIBIARNANTTULINA R avfiadluinuln’nda sasaldd
1. gusuusuann ldinsdsunNaa Wi(h/t) =200

o o ' < oA A o o o A o o o g
2. ANNTULNULRAATMIN LN WLATHNANANITULLTLUNNTUAZHUARINN A ﬂ\‘im@iﬂu

o

2.1 el udulET AN A9F UL LUAN I WvINL 19 (h/t) =260

ma
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2.2 131 lE LN UL AT NAN AT U LI LUN NI ULA L LN WL AT N AN AIN NN A

Wi(h/t) =300

ma:

[ %

ﬂ@qﬂgﬂ‘ﬁﬂﬂfﬁlquﬁiﬂﬂﬂlﬂﬂ LLﬂJuL’ﬂQﬁQ@luﬁ‘ZﬁuWU‘ﬁ@\‘i WKLAN

t= ANUNUIUBILNULAY BILNULANUENaUAR L UARLEUWTaNINnTn 131

ANLIERTNAIU N/t AVMFULADLLEL

2.2.1.2 ANnIelssansnauasiudlulanatin

2.2.

A1

el

Tng

1.2.1 BuAIUUA 198 ATULSIDALLUAIN LALNITUINIRT
UNANUILANTHNA b azAIUIUANNANNIT Aasia Tl
b=w Wia 1<0.673

b= pw e 1>0673

=b_

% ! =
= ANMANINNAULTEU

%

= q@mmﬁ%@ww:ﬁ
= (1-0.22/2)/4

(%

= FMANANTZYA

—h

cr

=b.

f =  wdssuslududoufunsesnademuanslisesaldn

ANNTURIADIATITIULSIAR

'
a %

NINMAIAUNIUNTTYNAA FHFAULBIN19ATIN

(2.1)

(2.2)
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= o [ % 1 ¥ 4 a .
NINIAIAIUNIUNNTINGANZ AU NN e (Lateral-Torsional

Buckling Strength) 14 f 1flumiaaiusa F, 19 lun1sunlugaaniings
AN UTUDIARIATITIUUTIBR

o o 3 o o 4 1 o d! %
- A ufuesdenansiunsedn Wi f windu F, @eunliann annis

(2.37),(2.38)

2 2
F, = k—ZF / B 5 (l) (2.5)
12(1- 4 )\ w
k = zﬁ”mﬂizawémﬂﬁummmLLﬁJu

= 4  AwiuTugeuidanstinlaiue LuIaUAINENI AR A UAL

1 o o a le ] 1 DL R4 % o dl dl %
A miurinaesdnudausiae i luniihdanineada
E = &8a4anlunaarednan

ANNNUNUDITUA UL AT AFLLIIB ALLL AT

~—
1l

g =  anmdoutlie9999Uan

2.2.1.2.2 udulawazdugrudanagnau gnglaniausanuulinsilng

NISUINIA9

- dwFuudwacnialsvdaaussuuuladnad (£ iflundaaussdanay 1, i{lumiog

]
=<

u39ATILAA I IUAINT 2.1 0. A1N1TDAIUIIANNNANNL T AN NALAZ AN Y AND
N171ALANZARILNUANNANNT pesalln

k=4+2(1+y) +2(1+y) (2.6)

& m3u hy /b, <4



b= (B3+y)

b, o
b, =3 ey >0.236
b, =h, b, ey <0.236

wananil b, +b, azfiaqldifiudouiunsdArasuNuLeTaAIWIAIN

AALUTZANG WA

& m3u hy /b, >4

— be
b= (3+W)
be
b, = (1+y) =

1

(2.9)

(2.10)
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- dAmFugudautlanednauniglintsausdlaingm (f, umbaussdauay f,

@ | o & Y )~ o o o a
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k =4+2(1+l//)3+2(1—l//)

(2.11)

b, = b, (2.12)
(3-v)
b, =b, b, (2.13)
Taeri
kK = &uils@nanisliannzanusy
b = mmﬂ’fjwﬂﬁzaw%m%qﬁﬁmumugﬂ‘ﬁ 2.1
b, = mmﬂ’fiwﬂ?xﬁw%m%aﬁﬁmumugﬂﬁ 2.1
b, = AINUNINUILANENA b A uANYate 2.2.1.2.1 Taaunuan f

fasl f1 Al k ANNANN1T919AU
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f2 = uﬂmmﬁmmiugﬂﬁ 2.1

‘//:|fz/ f1|
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w +0.34
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Ri=h (13309)
vy £, (1173999)
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p=1 o 1<0.673(1+y) (2.16)
[1_022(L+W)J
A <
p=1+y) 7 e A>0.673(1+y) (2.17)
(2.18)

k =0.57 +0.21y +0.07y°

ﬂ = 1 1 L o ndl
nsmmauamg’lumusmwa@ﬂ (AN1NN 2.5 2.)
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p=1 fio 1<0.673(1+y) (2.19)
), .

p=1-vy) 7 +y e A>0.673(1+y) (2.20)

k=1.70+5y +17.1y° (2.21)

&viu w>1 ;

p=1
Tnen
w=|t,11|
o/ 1 ‘ﬂl
p = FIANMARANRNITA
A = FIANMANNTZYA
k = Audsr@nsnisinaanzuadgueiis

~=7—f, (15909)

~ f:fz (1L39719) L

uAUAZINY

- ~ £, (117909)
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Am5u w/t>0.328S

b =(b/2)R, ANNA 2.6
b,=b-Db @mwﬁ 2.6
d, =d,R,
ol
S=128,E/f (2.22)

W= ANNANAIuEEL

t= AINNUIVIUTAR

|, =Tuinusavivafideaasidugiuniasiiiaswani Iiusazdautlszna
Qsz ] = a A o Qsz ] =

R TUAIURNGANTIN N U LTUA U A e

3
1, =399t" [%“—0.328} St{llSWT/thS} (2.23)

b = A NnANszaniuan ldaanuuulneAu R aLRsN L Tudulanaiie

%

VuMaALLUAIN Tagn1suinad walitlden dudszdnsnisinamny

vasielali]

k=3.75(R,)"+0.43<4 Jo D/w<0.25 (2.24)
sD n o

k:(4.82——j(Rl) +043<4 iila 0.25<D/w<08 (2.25)
w

k lugunig (2.24),(2.25) Mdunstiueisaduniaanvaufuaaudswuy

930A1 (140° > 60> 40)

b, b, = dounasAruninsilscdAninadedienalunini 2.6
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d, = ArundetlscdninananArasuNuLaT AN AT R Ta N lun N 2.6

warldlunisAusunanimniinanlsv@nsuasu

d, = AnuNENU s ANBRATAULHWLATNANAY (@mwﬁ 2.6)

= <
R=11/1<1 (2.26)
I, = Tuudauiue fid e asusud Ui asAuuin A sau NIt fuas
A uLeN TN I UA LT Ud U LanagnEin AuFULNUEINNNAINTD AUy

Thessudnaulwdsuinasuardudauiaragniaaz laAmiludounilenaueiu

[ %

LATNNNAS

I, =(d%sin’0)/12

(2.27)
It
n= [0.582—% z% (2.28)
& D
i o

HuEuga f ensuilniuusada
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diy 7
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2.2.2 ’Jﬁﬂq’i'ﬂ'ﬂﬂLLUUTﬂ‘iQﬂ‘i'\QLM@ﬂmugﬂlﬂu

wsanelunlfiannisdiassiilaseaieazgniiunaanuuunindaniuun ialiiesd

21138111305 UN lAet vl aeadunnnnsgIuetwiazdafiiuue Beluanuidaaziaue

1
asal o o A

wuansluniseanuuuAsauAquniseantuuinedannasneanlil (Allowable Strength
Design, ASD) #azn1708nuuLInA8N19AMANNAIUNIURATTINMINUIYN (Load and

Resistance Factor Design, LRFD)

.
v

2.2.2.1 9anaanaanli (Allowable Strength Design, ASD)

[ %

3% ASD {ldnannisaasniaansanliaasdoutsznaulnseaiieuaazdiuaziiad

1 '
o Ay =2

WINALWEaNINNEIAAINABINITTININIRINTINENUIINNIZYUATNNTIANGN TN

= Y o dg/
u3Tvn TPaa N IDTEUANNT VL@GN‘H

R<R,/Q (2.29)

Q = fapuAdutlaesie (safety factor)

R,=R,/Q = fndansauli
2.2.2.2 TEAIAMANNAIUNULAUIUTLNLSTN
(Load and Resistance Factor Design, LRFD)

3% LRFD #ldudannisnasniazgain lnannasnldaanuuuaesdaulsznay

o

Trseasreusazdruazfiaaviniuvdaninndiniaangieanisdeniinanuniinussyn

o

ey AMAatAIgTMIN U NA mFuNguiuinuss NN e dasianne Wauannig

q
$2
l/L o

a
U

ol

R, <¢R (2.30)

=b.

Tnel



¢R = fnasnlfluntseanuuy

o

¢ = AaRNIANATUNIU(resistance factor)

2.2.3 4UARUNITRANLLLU

2.2.3.1 4ADIANTSLILSIA

ANNA TUUILIIAITUUINANNIZ AN L RADATIIUTINFAATAIBIABIAT AZTUNAN

UninueImNgeganesAannsssuls tas
T/~ AF, (2.31)

Tne

o o

T, = MAFUNIANTTY

n
F, = waelseasin
d” -QII ¥ o 09//
A, = Wennihdniaun
Q, = Arduilsr@niannilaaniud miuusans 1nedd ASD = 1.67
¢ = AFaRUAREIMTLLINAY TneidE LRFD = 0.90
2.2.3.2 89ARNIANTTLLIIDA

o o o o n:ll o 4 | 1 o dd‘ dl a
mma?uLmﬂﬂm:qwu’mﬂwmLﬂumngmiummw 1 IHANARITUIRINNITATIN

AN91ANANZIHARNNLINAR UINAALAZLINTATINAY LATLIDA LAZNIN 2 1Ha

£
o a

Rarsunisinennzuuudegy arnisnAualFAa
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2.2.3.2.1 MAFUUSIBATEY 1 HANAITNAINNI5ASIN N15IAAIELERYAIN
WTIAA WSIARLAZLSILASINNY LazusIiln

P =AF, (2.32)
Tned
Q, = Aduilsc@nianuilaaniudiuiuusedn 1neds ASD = 1.80
¢, = AdaAUandUTULIERA TneRs LRFD = 0.85
P, = Anasfuusdnscy
dlgl dl v o a a
A= WeNniinlsransng

F. = nidreussdnlundindn Tae F Aiugdu A, aanaunisaedl

U C

F, = (0.658% )F, ile 4 <15 (2.33)
F, :{0'8277} F, o 4, >15 (2.34)
/IC
Taesd
F
A== (2.35)
F

F, = Asgaaasmuisusalnamsiuuaaidsn

F, dAsuntnananlaldinisinannzidasainusslinvsansinn waz
wsatinganny

7°E

T (KL/1)? (299

Tne

E = 8an4anlunaaueduan

o

K = flapmAnenilszdntuag
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L = ArnugnnnilsAainnisaneiy
o a oI/ U o -QII a 1
r = §anlagdunaantings saunnuniian1sinamy

F, dAsuntnannlalainisinannziidadainusslnvsansannuas

WAL MSINNU
1 2
F :ﬁ[(aeﬁat)—\/(aexﬁtq) —4,366th:| (2.37)
TER
F = 90« (2.38)
(Tt +Gex
Tnefi
ﬂ :1_(X0 / ro)2 (2'39)
2
o =1 | Gy 4 ZECu (2.40)
Ar, (Ktl—[)
2
7’E (2.41)

O-ex = 2
(KXLX/rX)
[ % A <
G = TupAausuRaULRIMIAN

J = AN dalLY Saint-Venant 489Ut 6 A

C,= Armsnisiiadenuasniingn

K, = flapmipauenalsz@ning dmiuntsda

K, = fiaanANenlss@nBHadiuiunisansauinu x

X

dl ] oy v Y I o % a
L[ = m’134ﬂﬁwﬂmma‘mﬂummwmmum@um

L, = Avnuenafldfinisardusiuding dufunnsdnsauuni x
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2.2.3.2.2 MAFUUSIEATEY LHANAITUINISINAANEwLLLRE Y
(Distortional Buckling Strength)
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Tned
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n c c

Tnah

S, = TupdantindndarafnaesniindntszAniua NnUe L FULNERA T

wangmwiniy F,

v
o

F, ausnaunnslfinail
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10 10F -
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A= M, M, (2.65)
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- 2 | |
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e ANINITAIUIUBANLLIL, WEASNANIIATIAZALNLNFAARUTLTILNTN SAP2000

V15 @asnatiatitinnangianiseanuuuiaseadnelsssuddagl (Steel Truss Design

v
o

Handbook) 1891319 wanasnNeniine a1ie naisnaavidsannail

TA3andaAHedAeIANg 81 Tudon HANEUEAININT 3.4 NN3TeNsaIzINTUdINAA

v | | % 3 = s | al o a
mﬂmmum@mu Tasenauaniuiuiasedands NI1UTBITU Lﬂumegﬂmmm‘ﬂuwHu

(hinged support) nedfiaganausansziniulasea1enall

ﬁ”mﬁﬂmmﬂmﬁ
uveILLLLN Wreana TnHi 10 kg/m’
Metal Sheet 5 kg/m2
wihmdn 8 kg/m®
23 kg/m2
TAsE AN AN A3 15
fwinusmnas 30 kg/m’
WINAN 25 kg/m’
aanuuung lFdan1un ASD
Combination Load case
Load case 1 :1DL+1LL = 23430
= 53 kg/m’

Load case 2 :0.75(DL+LL+WL)

0.75(23+30+25)

= 5850 kg/m’
Load case 3 :0.75(DL +WL) = 0.75(23+25)
= 36 kg/m’
Use Load case 2 for span 6.0m m. : wW = b8.5x6
= 351 kg/m’

Tnautianguaeslassadudunlduiidamaoiuiu 3 ngu

A 2, A
N 1

ATUN 1-42

v 1
]

FUAIUN 43-61

FUAIUN 62-81
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ynnasldman Cold Formed Steel [10] fiRAmasTR#

Fy E € weight| area | depth | width lip thickness| r Ix ly
No.|  size W | Ag | H1 | B1 | D1 t

ksc ksc ksc kg/m | cm2 | cm cm cm cm cm. [ cm4 | cm4
1 [C10010 | 5608 | 2074057 | 794469 | 1.78 | 2.16 | 10.2 | 510 | 1.25 0.10 0.50 |36.40| 7.55
2 | C10012 | 5098 | 2074057 | 794469 | 2.1 258 | 10.2 | 510 | 1.25 | 0.12 | 0.50 (43.20| 8.92
3 | C10015 | 4589 | 2074057 | 794469 | 2.62 | 3.23 | 102 | 510 | 1.35 | 0.15 | 0.50 |53.70|11.20
4 | C10019 | 4589 | 2074057 | 794469 | 3.29 | 4.09 10 510 | 1.45 0.19 0.50 [67.30]14.20
5 | C15012 | 5098 | 2074057 | 794469 | 2.89 | 3.54 15 6.40 | 1.45 | 0.12 |0.50 | 129 |18.80
6 | C15015 | 4589 | 2074057 | 794469 | 3.59 | 4.43 15 6.40 | 1.55 | 0.15 |0.50 | 161 |23.70
7 | C15019 | 4589 | 2074057 | 794469 | 4.51 | 5.61 15 6.40 | 1.65 | 0.19 | 0.50 | 202 |30.00
8 | C15024 | 4589 | 2074057 | 794469 | 5.7 | 712 i 640 | 1.85 | 0.24 | 0.50 | 254 |38.60
9 | C20015 | 4589 | 2074057 | 794469 | 449 | 555 | 20 7.60 | 1.55 | 0.15 | 0.50 | 353 |39.60
10 | C20019 | 4589 | 2074057 | 794469 | 574 | 713 | 20 760 | 1.90 | 0.19 | 0.50 | 451 |53.10
11 | C20024 | 4589 | 2074057 | 794469 | 7.24 | 9.04 20 7.60 | 2.10 0.24 0.50 | 569 [68.10
12 | C25019 | 4589 | 2074057 | 794469 | 6.5 | 8.08 | 25 760 | 1.85 | 0.19 |0.50 | 762 |56.10
13 | C25024 | 4589 | 2074057 | 794469 | 8.16 | 10.20 | 25 7.60 | 205 | 024 |0.50 | 962 |72.10
14 | C30024 | 4589 | 2074057 | 794469 | 10.09 | 12.60 | 30 9.60 | 275 | 0.24 | 0.50 |1700| 151
15 | C30030 | 4589 | 2074057 | 794469 | 12.76 | 16.00 | 30 9.60 | 3.15 | 0.30 |0.50|2130| 196
16 | C35030 | 4589 | 2074057 | 794469 | 15.23 | 19.10 | 35 |[12.50 | 3.00 | 0.30 | 0.50|3580| 382
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1
a A ¥

N1 A8 UUEA 4 C10019

1 v

X A

v

#16R 1: C10010 BaRUNMINAN183.12 nn. Taellé

1
al

25 AT 1ANTI9N 3.1

a

A3 3.1 LAPNHANITANUUI AUTINA A AT T F4RAN

Y PG ANUIUIAL Tvsnumanalasaing (nn.)
1 411 12 183.12
2 411 15 183.12
3 411 18 183.12
4 411 14 183.12
5 411 18 183.12
6 411 15 183.12
7 411 17 183.12
8 411 14 183.12
9 411 12 183.12
10 411 15 183.12
1M 411 18 183.12
12 411 14 183.12
13 411 18 183.12
14 411 15 183.12
15 411 17 183.12
16 411 12 183.12
17 411 12 183.12
18 411 15 183.12
19 411 18 183.12
20 411 14 183.12
21 411 18 183.12
22 411 15 183.12
23 41,1 12 183.12
24 411 15 183.12
25 41,1 12 183.12

uazlFuansunugiinminsesiassaiwinmunzanluisiazaiaaasnisauanlun g 3.5
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! v 1 v
WA 3.5 wnugRtminaesiasai s zan sz ARa89n1IAWIN

4
o

WrANTENAaLNHANTITAUIUTALLARAILNUTIN AT AT LARZIALARIASIN 3 TUANT19N 3.2

LATNINT 3.6

4
o

A9 N7 3.2 AN3NEANITATUInLlasLa AN TATe AN UAa Y A LIRIATIT 3

AUIUIAL ﬁ”ﬂuﬁnmﬁﬂﬁq‘[mm’éw (nn.)

1 f 1156.712

2 664.184
3 409.664

4 ) 301.864
5 249.874

6 178.019

7 189.281

8 135.190

9 145.348

10 161.855

11 183.124

12 135.190

13 145.348

14 161.855

15 183.124

16 145.348

17 161.855

18 183.124
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Taseadramanaugilifiu SAP2000 tnsinnuanuaniifdan limdeauiu agluanisnaziuay

aanuuUlAAIA13197 3.3

A13799 3.3 LAAIHAN1TIAIziwsann e luaesldsunsud i Teune Uiy Sap2000

Frame From SAP2000 From Program Different Force (%)

MaxABS(P) | MaxABS(V) | MaxABS(M) | Axial Force V2 M3 | Axial Force| V2 | M3
1 145.12 31.05 20.92 145.10 31.06 | 20.91 0.0% 0.0% | 0.0%
2 339.76 100.09 53.46 339.90 100.03 | 53.42 0.0% 0.1% [ 0.1%
3 3460.41 133.46 86.45 3460.76 133.35 | 86.37 0.0% 0.1%|0.1%
4 1989.49 12.55 12.94 1989.53 12.58 12.96 0.0% -0.2%1-0.1%
5 653.66 9.92 10.97 653.65 9.92 10.96 0.0% 0.0% | 0.0%
6 307.98 2.22 11.95 308.03 2.22 11.93 0.0% 0.1% [ 0.1%
7 994.92 2.58 13.19 994.99 2.58 13.18 0.0% -0.2%(0.1%
8 1434.95 1.53 13.65 1435.03 1.53 13.65 0.0% -0.1%|0.0%
9 1664.43 1.33 13.97 1664.52 1.33 13.99 0.0% 0.2% |-0.1%
10 1701.28 8.55 13.95 1701.37 8.52 13.93 0.0% 0.3%|0.1%
11 1701.28 8.55 13.95 1701.37 8.52 13.93 0.0% 0.3%|0.1%
12 1664.43 1.33 13.97 1664.52 1.33 13.99 0.0% 0.2% [-0.1%
13 1434.95 1.53 13.65 1435.03 1.53 13.65 0.0% -0.1%|0.0%
14 994.92 2.58 13.19 994.99 2.58 13.18 0.0% -0.2%(0.1%
15 307.98 2.22 11.95 308.03 2.22 11.93 0.0% 0.1% [ 0.1%
16 653.66 9.92 10.97 653.65 9.92 10.96 0.0% 0.0% | 0.0%
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Frame From SAP2000 From Program Different Force (%)
MaxABS(P) | MaxABS(V) | MaxABS(M) | Axial Force V2 M3 | Axial Force| V2 | M3
17 1989.49 12.55 12.94 1989.53 12.58 12.96 0.0% -0.2%1-0.1%
18 3460.41 133.46 86.45 3460.76 133.35 | 86.37 0.0% 0.1%|0.1%
19 339.76 100.09 53.46 339.90 100.03 | 53.42 0.0% 0.1%|0.1%
20 145.12 31.05 20.92 145.10 31.06 | 20.91 0.0% 0.0% | 0.0%
21 18.64 133.52 19.11 18.66 133.53 | 19.09 -0.1% 0.0% [ 0.1%
22 159.84 207.18 62.28 159.81 207.07 | 62.21 0.0% 0.1% [ 0.1%
23 1238.16 271.01 102.12 1238.19 270.80 | 101.99 0.0% 0.1% [ 0.1%
24 2566.29 151.32 19.82 2566.39 151.30 | 20.31 0.0% 0.0% |-2.4%
25 3532.16 141.31 16.06 3532.29 141.30 | 16.16 0.0% 0.0% |-0.6%
26 4220.24 134.09 19.93 4220.39 134.09 | 19.92 0.0% 0.0% | 0.0%
27 4661.36 134.5 21.24 4661.53 13450 | 21.24 0.0% 0.0% | 0.0%
28 4891.15 134.05 21.41 4891.32 134.05 | 21.40 0.0% 0.0% | 0.0%
29 4928.8 141.29 2413 4928.98 141.28 | 24.22 0.0% 0.0% [-0.4%
30 4828.19 164.29 21.37 4828.33 164.24 | 21.34 0.0% 0.0% [ 0.1%
31 4828.19 164.29 21.37 4828.33 164.24 | 21.34 0.0% 0.0% [ 0.1%
32 4928.8 141.29 2413 4928.98 141.28 | 24.22 0.0% 0.0% [-0.4%
33 4891.15 134.05 21.41 4891.32 134.05 | 21.40 0.0% 0.0% | 0.0%
34 4661.36 134.5 21.24 4661.53 134.50 | 21.24 0.0% 0.0% | 0.0%
35 4220.24 134.09 19.93 4220.39 134.09 | 19.92 0.0% 0.0% | 0.0%
36 3532.16 141.31 16.06 3532.29 141.30 | 16.16 0.0% 0.0% |-0.6%
37 2566.29 151.32 19.82 2566.39 151.30 | 20.31 0.0% 0.0% |-2.4%
38 1238.16 271.01 102.12 1238.19 270.80 | 101.99 0.0% 0.1% [ 0.1%
39 159.84 207.18 62.28 159.81 207.07 | 62.21 0.0% 0.1% [ 0.1%
40 18.64 133.52 19.11 18.66 133.53 | 19.09 -0.1% 0.0% [ 0.1%
41 2473.87 85.29 39.84 247410 85.16 | 39.78 0.0% 0.2%|0.2%
42 2473.87 85.29 39.84 247410 85.16 | 39.78 0.0% 0.2%|0.2%
43 133.56 9.5 5.44 133.55 9.52 5.45 0.0% -0.2%1-0.2%
44 348.31 7.395E-17 1.483E-17 348.44 0.00 0.00 0.0% - -
45 1816.43 0 0 1816.72 0.00 0.00 0.0% - -
46 1590.43 2.958E-16 | 7.084E-17 1590.45 0.00 0.00 0.0% - -
47 1233.39 0 0 1233.43 0.00 0.00 0.0% - -
48 922.02 0 0 922.05 0.00 0.00 0.0% - -
49 621.42 0 0 621.44 0.00 0.00 0.0% - -
50 338.31 5.916E-16 1.724E-16 338.32 0.00 0.00 0.0% - -
51 62.53 0 0 62.52 0.00 0.00 0.0% - -
52 337.56 0 0 337.70 0.00 0.00 0.0% - -
53 62.53 0 0 62.52 0.00 0.00 0.0% - -
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Frame From SAP2000 From Program Different Force (%)
MaxABS(P) | MaxABS(V) | MaxABS(M) | Axial Force V2 M3 | Axial Force| V2 | M3

54 338.31 0 0 338.32 0.00 0.00 0.0% - -
55 621.42 0 0 621.44 0.00 0.00 0.0% - -
56 922.02 0 0 922.05 0.00 0.00 0.0% - -
57 1233.39 0 0 1233.43 0.00 0.00 0.0% - -
58 1590.43 0 0 1590.45 0.00 0.00 0.0% - -
59 1816.43 0 0 1816.72 0.00 0.00 0.0% - -
60 348.31 0 0 348.44 0.00 0.00 0.0% - -
61 133.56 9.5 5.44 133.55 9.52 5.45 0.0% -0.2%1-0.2%
62 226.91 0.5 0.14 226.91 0.50 0.14 0.0% -0.1%|1.9%
63 295.53 0.5 0.14 295.77 0.50 0.14 -0.1%  |-0.1%|-1.6%
64 2229.65 0.5 0.14 2230.14 0.50 0.14 0.0% -0.1%(-1.6%
65 2095.46 0.5 0.15 2095.53 0.50 0.15 0.0% -0.1%|( 1.9%
66 1560.64 0.5 0.15 1560.69 0.50 0.15 0.0% -0.1%1-1.5%
67 1152.91 0.5 0.16 1152.95 0.50 0.16 0.0% -0.1%| 1.6%
68 763.51 0.5 0.16 763.53 0.50 0.16 0.0% -0.1%|-1.7%
69 411.65 0.5 0.17 411.66 0.50 017 0.0% -0.1%(1.1%
70 68.88 0.5 0.17 68.90 0.50 017 0.0% -0.1%|-2.0%
71 186.88 0.5 0.18 186.98 0.50 0.18 -0.1% |-0.1%]| 0.5%
72 186.88 0.5 0.18 186.98 0.50 0.18 -0.1% |-0.1%| 0.5%
73 68.88 0.5 0.17 68.90 0.50 0.17 0.0% -0.1%|-2.0%
74 411.65 0.5 017 411.66 0.50 017 0.0% -0.1%|[1.1%
75 763.51 0.5 0.16 763.53 0.50 0.16 0.0% -0.1%(-1.7%
76 1152.91 0.5 0.16 1152.95 0.50 0.16 0.0% -0.1%| 1.6%
77 1560.64 0.5 0.15 1560.69 0.50 0.15 0.0% -0.1%(-1.5%
78 2095.46 0.5 0.15 2095.53 0.50 0.15 0.0% -0.1%|1.9%
79 2229.65 0.5 0.14 2230.14 0.50 0.14 0.0% -0.1%|-1.6%
80 295.53 0.5 0.14 295.77 0.50 0.14 -0.1%  |-0.1%|-1.6%
81 226.91 0.5 0.14 226.91 0.50 0.14 0.0% -0.1%|( 1.9%

LATAIIAADLNANNIATIRAaLUTNAALATALsc AN BN NN U sunsuNn 1A ndmnsdan
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AN397 3.4 uanaAdaulunsdundansazdudiuaaalilananias SAP2000

o Frame | Section | AISI-ASD96 | AlSI2007 with simplified eq. | AISI-ASD96 | AlSI2007 with simplified eq.
TotalRatio TotalRatio Max TotalRatio Max TotalRatio
1 1 C10019 0.100 0.090 0.916 0.869

2 C10019 0.252 0.224
3 C10019 0.813 0.831

4 C10019 0.379 0.360
5 C10019 0.151 0.139
6 C10019 0.060 0.060
7 C10019 0.124 0.124
8 C10019 0.165 0.165
9 C10019 0.186 0.186
10 C10019 0.189 0.189
11 C10019 0.189 0.189
12 C10019 0.186 0.186
13 C10019 0.165 0.165
14 C10019 0.124 0.124
15 C10019 0.06 0.060
16 C10019 0.151 0.139
17 C10019 0.379 0.360
18 C10019 0.813 0.831

19 C10019 0.252 0.224
20 C10019 0.100 0.090
21 C10019 0.071 0.076
22 C10019 0.212 0.211

23 C10019 0.550 0.524
24 C10019 0.498 0.476
25 C10019 0.651 0.618
26 C10019 0.781 0.741

27 C10019 0.861 0.816
28 C10019 0.900 0.853
29 | C10019 0.916 0.869
30 C10019 0.888 0.84

31 C10019 0.888 0.843
32 | C10019 0.916 0.869
33 C10019 0.900 0.853
34 C10019 0.861 0.816
35 C10019 0.781 0.7413
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Group| Frame | Section | AISI-ASD96 | AISI2007 with simplified eq. | AISI-ASD96 | AISI2007 with simplified eq.
TotalRatio TotalRatio Max TotalRatio Max TotalRatio of
1 36 C10019 0.651 0.618
37 C10019 0.498 0.476
38 C10019 0.550 0.524
39 C10019 0.212 0.211
40 C10019 0.071 0.076
41 C10019 0.513 0.524
42 C10019 0.513 0.524
2 43 C10010 0.098 0.093 0.861 0.744
44 C10010 0.154 0.1428
45 | C10010 0.861 0.744
46 C10010 0.781 0.651
47 C10010 0.629 0.505
48 C10010 0.489 0.377
49 C10010 0.343 0.254
50 C10010 0.195 0.138
51 C10010 0.037 0.025
52 C10010 0.046 0.046
53 C10010 0.037 0.025
54 C10010 0.195 0.138
55 C10010 0.343 0.254
56 C10010 0.489 0.377
57 C10010 0.629 0.505
58 C10010 0.781 0.651
59 | C10010 0.861 0.744
60 C10010 0.154 0.142
61 C10010 0.098 0.093
3 62 C10010 0.031 0.031 0.308 0.308
63 C10010 0.041 0.041
64 | C10010 0.308 0.308
65 C10010 0.290 0.289
66 C10010 0.216 0.215
67 C10010 0.159 0.159
68 C10010 0.106 0.105
69 C10010 0.057 0.057
70 C10010 0.010 0.010
71 C10010 0.141 0.077
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Group| Frame | Section | AISI-ASD96 | AISI2007 with simplified eq. | AISI-ASD96 | AISI2007 with simplified eq.
TotalRatio TotalRatio Max TotalRatio Max TotalRatio of
3 72 C10010 0.141 0.077
73 C10010 0.010 0.010
74 C10010 0.057 0.057
75 C10010 0.106 0.106
76 C10010 0.160 0.160
77 C10010 0.216 0.216
78 C10010 0.290 0.290
79 | C10010 0.308 0.308
80 C10010 0.041 0.041
81 C10010 0.032 0.032
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NANTUNMTNGR C15012 9 WLEILa 5,098 ksc InEATAINNANNLsLANENANARINNTZLIWNNS

o o’l aa v a a ¢ﬂl A 1 ]
N UALITAINNINLIZANBNAT LEauN1TRLN998l

1. ansAwmnamiinga g aadanainlneisaaunineilszdndus

. H B D t d R Fy
section
cm cm cm cm cm cm ksc
C15012 15.2 6.4 1.45 0.12 0.83 0.5 5098
E A rx ry x0 J Cw
ksc cm2 cm cm cm cm’ cm’
2074057 3.54 6.04 2.30 -4.87 0.02 901.3
Ix ly f
Cm4 Cm4 ksc
129 18.8 5098
1 iteration
a. compression flange
w = b-2(r+t)
= 5.160 cm
w/t = 43.000 ok
S = 25.818 check case 2
case 2
la = 0.041 cm'
As = 0.014 cm’
n = 0.333
R1 = 0.140 use 0.140
R2 = 1.860
k = 2.205 use 2.205
Is = 0.006 cm'
lamda = 1.510
rho = 0.566 use 0.566



b_eff =
b. stiifener lip

dit =

f1 =

C. web
Yo =
check T-C?

lamda =

rho =

he =

h1 =

h2 =
check effective web

h1+h2 =

2.919

6.917
4682.111
4125.355
0.881
0.473
0.502
1.000
0.830
0.100
0.116

7.600
= T-C
2.375
13.960
116.333
4682.111
-4682.111
1.000
24.000
1.187
0.686
9.582
2.396
4.791

7.187

cm

ksc

ksc

use 1
cm

2
cm

cm

cm

cm

ksc

ksc

use 0.686
cm
cm

cm

cm. check fully effective web

64



65

hcw = 6.980 cm
d. recompute properties by parts
h(neg) = 0.000 cm
y distance = 3.016 cm
Element L Y from top fiber Ly Ly2 I'x
Top flange 2.919 0.060 0.175 0.011 0.004
Bottom flange 5.160 15.140 78.122 1,182.773 0.006
web 13.960 7.600 106.096 806.330 226.712
Negative web element - 3.016 - - -
top inside corner 0.879 0.263 0.232 0.061 0.026
bottom inside corner 0.879 14.937 13.136 196.211 0.026
top outside corner 0.879 0.263 0.232 0.061 0.026
bottom outside corner 0.879 14.937 13.136 196.211 0.026
top lip 0.116 0.678 0.079 0.054 0.000
bottom lip 0.830 14.165 11.757 166.537 0.048
sum 26.503 222.966 2,548.249 226.874
average of y
y = 8.413 cm in below top fiber
Ix = 107.924 cm’
Se(1) = 12.829 cm®  Go to next iteration
2 iteration
a. compression flange
w = b-2(r+t)
= 5.160 cm
wit = 43.000 ok
S = 25.818 check case 2
case 2
la = 0.041 cm’
As = 0.014 cm’
n = 0.333
R1 = 0.140 use 0.140



R2 =

lamda =
rho =
b =
stiifener lip
d/it =
f1 =
f2 =
phi =
k =
lamda =
rho =
ds' =
As' =
ds =
web

Y1 =
check T-C?
H/B =
h =
h/t =
f1 =
f2 =

phi =

lamda =

rho =

1.860
2.205
0.006
1.510
0.566
2.919

6.917
4722.290
4219.324
0.893
0.469
0.507
1.000
0.830
0.100
0.116

8.413

= T-C
2.375
13.960
116.333
4722.290
-3737.237
0.791
19.080
1.337
0.625

use

cm

use

cm

ksc

ksc

use

cm

2
cm

cm

cm

cm

ksc

ksc

use

2.205

0.566

0.625
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he = 8.725 cm
h1 = 2.301 cm
h2 = 4.362 cm

check effective web

h1+h2 = 6.664 cm check not fully effective web
hcw = 7.793 cm
d. recompute properties by parts
h(neg) = -1.129 cm
y distance = 3.486 cm
Element L Y from top fiber Ly Ly2 I'x
Top flange 2.919 0.060 0.175 0.011 0.004
Bottom flange 5.160 15.140 78.122 1182.773 0.006
web 13.960 7.600 106.096 806.330 226.712
Negative web element -1.129 3.486 -3.936 -13.721 -0.120
top inside corner 0.879 0.263 0.232 0.061 0.026
bottom inside corner 0.879 14.937 13.136 196.211 0.026
top outside corner 0.879 0.263 0.232 0.061 0.026
bottom outside corner 0.879 14.937 13.136 196.211 0.026
top lip 0.116 0.678 0.079 0.054 0.000
bottom lip 0.830 14.165 1.757 166.537 0.048
sum 25.374 219.029 2534.528 226.754
average of y
y = 8.632 cm in below top fiber
Ix = 104.473 cm’
Se(2) = 12.103 cm’
Se(1)-Se(2) = 0.726 cm’  Go to next iteration
3 iteration
a. compression flange
w = b-2(r+t)
= 5.160 cm
wit = 43.000 ok
S = 25.818 check case 2



case 2

As =

R1 =
R2 =

lamda =
rho =
b =
stiifener lip
d/t =
f1 =
f2 =

phi =

lamda =
rho =
ds' =
As' =
ds =
web

Y1 =
check T-C?
HB =
h =
hit =

0.041
0.014
0.333
0.140
1.860
2.205
0.006

1.510
0.566
2.919

6.917
4731.834
4241.644
0.896
0.467
0.508
1.000
0.830
0.100
0.116

8.632

T-C
2.375
13.960
116.333

cm

cm

use

use

cm

use

cm

ksc

ksc

use

cm

2
cm

cm

cm

cm

0.140

2.205

0.566
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[ = 4731.834 ksc
2 = -3512.809 ksc
phi = 0.742
K = 18.064
lamda = 1.375
rho = 0.611 use 0.611
he = 8.527 cm
h1 = 2.279 cm
h2 = 4.264 cm
check effective web
h1+h2 = 6.542 cm check not fully effective web
hcw = 8.012 cm
d. recompute properties by parts
h(neg) = -1.470 cm
y distance = 3.633 cm
Element L Y from top fiber Ly Ly’ I'x
Top flange 2.919 0.060 0.175 0.011 0.004
Bottom flange 5.160 15.140 78.122 1182.773 0.006
web 13.960 7.600 106.096 806.330 226.712
Negative web element -1.470 3.633 -5.340 -19.404 -0.265
top inside corner 0.879 0.263 0.232 0.061 0.026
bottom inside corner 0.879 14.937 13.136 196.211 0.026
top outside corner 0.879 0.263 0.232 0.061 0.026
bottom outside corner 0.879 14.937 13.136 196.211 0.026
top lip 0.116 0.678 0.079 0.054 0.000
bottom lip 0.830 14.165 11.757 166.537 0.048
sum 25.033 217.625 2528.845 226.610
average of y
y = 8.693 cm in below top fiber
X = 103.627 cm
Se(3) = 11.920 cm
Se(2)-Se(3) = 0.183 cm Go to next iteration




4 jteration

a.

case 2

compression flange

w

wi/t

As

R1
R2

lamda
rho

b

stiifener lip

dit
1
2

phi

lamda
rho
ds'
As'

ds
web

Y1

b-2(r+t)
5.160
43.000
25.818

0.041
0.014
0.333
0.140
1.860
2.205
0.006
1.510
0.566
2.919

6.917
4734.417
4247.686
0.897
0.467
0.509
1.000
0.830
0.100
0.116

8.693

cm

ok

check case 2

cm

cm

use 0.140

use 2.205

cm

use 0.566

cm

ksc

ksc

use 1
cm

2
cm

cm
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check T-C? = T-C

H/B = 2.375

h = 13.960 cm
h/t = 116.333

f1 = 4734.417 ksc
f2 = -3452.053 ksc
phi = 0.729

N = 17.798

lamda = 1.386

rho = 0.607 use  0.607
he = 8.474 cm
h1 = 2.272 cm
h2 = 4.237 cm

check effective web

h1+h2 = 6.510 cm check not fully effective web
hcw = 8.073 cm
d. recompute properties by parts
h(neg) = -1.564 cm
y distance = 3.674
Element L Y from top fiber Ly Ly2 I'x
Top flange 2.919 0.060 0.175 0.011 0.004
Bottom flange 5.160 15.140 78.122 1182.773 0.006
web 13.960 7.600 106.096 806.330 226.712
Negative web element -1.564 3.674 -5.746 -21.111 -0.319
top inside corner 0.879 0.263 0.232 0.061 0.026
bottom inside corner 0.879 14.937 13.136 196.211 0.026
top outside corner 0.879 0.263 0.232 0.061 0.026
bottom outside corner 0.879 14.937 13.136 196.211 0.026
top lip 0.116 0.678 0.079 0.054 0.000
bottom lip 0.830 14.165 11.757 166.537 0.048

sum 24.940 217.220 2527.138 226.556




average ofy: vy

5 iteration

a.

case 2

4
Se(4)
Se(3)-Se(4)

compression flange

W =

wi/t =

As =

R1 =
R2 =

lamda =
rho =
b =
stiifener lip
d/t =
f1 =
f2 =
phi =
k =
lamda =
rho =

ds' =

b-2(r+t)
5.160
43.000
25.818

0.041
0.014
0.333
0.140
1.860
2.205
0.006
1.510
0.566
2.919

6.917

8.710 cm in below top fiber

4

103.408 cm

3

11.873 cm

0.048 Cm3 Go to next iteration

cm
cm
ok

check case 2

cm

cm

use 0.140

use 2.205

cm

use 0.566

cm

ksc

4735.106 ksc

4249.296

0.897
0.467
0.509
1.000
0.830

use 1

cm
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As' = 0.100 cm

ds = 0.116 cm
C. web

Y1 = 8.710 cm

check T-C? = T-C

HB = 2.375

h = 13.960 cm

h/t = 116.333 ksc

1 = 4735.106 ksc

f2 = -3435.863

phi = 0.726

Kk = 17.728

lamda = 1.389

rho = 0.606 use

he = 8.460 cm

h1 = 2.271 cm

h2 = 4.230 cm

check effective web

h1+h2 = 6.501 cm

hcw = 8.090 cm
d. recompute properties by parts

h(neg) = -1.589 cm

y distance = 3.685 cm

0.606

check not fully effective web
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Element L Y from top fiber Ly Ly2 I'x
Top flange 2.919 0.060 0.175 0.011 0.004
Bottom flange 5.160 15.140 78.122 1182.773 0.006
web 13.960 7.600 106.096 806.330 226.712
Negative web element -1.589 3.685 -5.855 -21.579 -0.334
top inside corner 0.879 0.263 0.232 0.061 0.026
bottom inside corner 0.879 14.937 13.136 196.211 0.026
top outside corner 0.879 0.263 0.232 0.061 0.026
bottom outside corner 0.879 14.937 13.136 196.211 0.026
top lip 0.116 0.678 0.079 0.054 0.000
bottom lip 0.830 14.165 11.757 166.537 0.048
sum 24.914 217110  2526.670 226.540
average ofy: vy = 8.714 cm in below top fiber
Ix = 103.351 cm’
Se(5) = 11.860 cm’
Se(4)-Se(b) = 0.013 cm’  Go to next iteration
6 iteration
a. compression flange
w = b-2(r+t)
= 5.160 cm
wit = 43.000 ok
S = 25.818 check case 2
case 2
la = 0.041 cm’
As = 0.014 cm’
n = 0.333
R1 = 0.140 use 0.140
R2 = 1.860
Kk = 2.205 use 2.205
Is = 0.006 cm’
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lamda =
rho =
b =
stiifener lip
d/t =
f1 =
f2 =

phi =

lamda =
rho =
ds' =
As' =
ds =
web

Y1 =
check T-C?
HB =
h =
h/t =
f1 =
f2 =

phi =

lamda =
rho =
he =
h1 =
h2 =

1.510
0.566
2.919

6.917
4735.289
4249.723
0.897
0.467
0.509
1.000
0.830
0.100
0.116

8.714

T-C
2.375
13.960
116.333
4735.289
-3431.568
0.725
17.710
1.389
0.606
8.457
2.270
4.228

use

cm

ksc

ksc

use

cm

2
cm

cm

cm

cm

ksc

ksc

use
cm
cm

cm

0.566

0.606
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check effective web

h1+h2 = 6.499 cm check not fully effective web
hcw = 8.094 cm
d. recompute properties by parts
h(neg) = -1.595 cm
y distance = 3.688 cm
Element L Y from top fiber Ly Ly2 I'x
Top flange 2.919 0.060 0.175 0.011 0.004
Bottom flange 5.160 15.140 78.122 1182.773 0.006
web 13.960 7.600 106.096 806.330 226.712
Negative web element -1.596 3.688 -5.885 -21.704 -0.338
top inside corner 0.879 0.263 0.232 0.061 0.026
bottom inside corner 0.879 14.937 13.136 196.211 0.026
top outside corner 0.879 0.263 0.232 0.061 0.026
bottom outside corner 0.879 14.937 13.136 196.211 0.026
top lip 0.116 0.678 0.079 0.054 0.000
bottom lip 0.830 14.165 11.757 166.537 0.048
sum 24.908 217.081  2526.545 226.536
average ofy: vy = 8.715 cm in below top fiber
IX = 103.335 cm’
Se(6) = 11.857 cm’
Se(5)-Se(6) = 0.003 cm’  Go to next iteration
7 iteration
a. compression flange
w = b-2(r+t)
= 5160 cm
wit = 43.000 ok
S = 25.818 check case 2
case 2
la = 0.041 cm'
As = 0.014 cm®

n = 0.333



R1
R2

lamda
rho

b

stiifener lip

dt
f1

f2
phi
K
lamda
rho
ds'
As'
ds
web

Y1

check T-C?

H/B
h
h/t
1
f2

phi

lamda

0.140
1.860
2.205
0.006
1.510
0.566
2.919

6.917
4735.337
4249.836
0.897
0.467
0.509
1.000
0.830
0.100
0.116

8.715

T-C
2.375
13.960
116.333
4735.337
-3430.430
0.724
17.705
1.390

use

use

cm

use

cm

ksc

ksc

use
cm
cm

cm

cm

cm

ksc

ksc

0.1403

2.2045

0.5657

I



rho = 0.606 use  0.606
he = 8.456 cm
h1 = 2.270 cm
h2 = 4.228 cm

check effective web

h1+h2 = 6.498 cm check not fully effective web
hcw = 8.095 cm
d. recompute properties by parts
h(neg) = -1.597 cm
y distance = 3.689 cm
Element L Y from top fiber Ly Ly2 I'x
Top flange 2.919 0.060 0.175 0.011 0.004
Bottom flange 5.160 15.140 78.122 1182.773 0.006
web 13.960 7.600 106.096 806.330 226.712
Negative web element -1.597 3.689 -5.892 -21.737 -0.340
top inside corner 0.879 0.263 0.232 0.061 0.026
bottom inside corner 0.879 14.937 13.136 196.211 0.026
top outside corner 0.879 0.263 0.232 0.061 0.026
bottom outside corner 0.879 14.937 13.136 196.211 0.026
top lip 0.116 0.678 0.079 0.054 0.000
bottom lip 0.830 14.165 11.757 166.537 0.048
sum 24.906 217.073  2526.512 226.535

average ofy: vy 8.716 cm in below top fiber

4

Ix 103.331 cm

Se(7) 11.856 cm’

Se(6)-Se(7) 0.001 cm’  Go to next iteration

8 iteration
a. compression flange
w = b-2(r+t)
= 5.160 cm
wi/t = 43.000 ok
S = 25.818 check case 2
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case 2

As

R1
R2

lamda
rho

b

stiifener lip

dft
i
f2

web

Y1

check T-C?

0.041
0.014
0.333
0.140
1.860
2.205
0.006
1.510
0.566
2.919

6.917
4735.350
4249.866
0.897
0.467
0.509
1.000
0.830
0.100
0.116

8.716

= T-C
2.375
13.960
116.333
4735.350

cm

cm

use

use

cm

use

cm

ksc

ksc

use
cm
cm

cm

cm

cm

ksc

0.1403

2.2045

0.5657
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f2 = -3430.129 ksc

phi = 0.724

k = 17.703

lamda = 1.390

rho = 0.606 use  0.606
he = 8.455 cm

h1 = 2.270 cm

h2 = 4.228 cm

check effective web

h1+h2 = 6.498 cm check not fully effective web
hcw = 8.096 cm
d. recompute properties by parts
h(neg) = -1.598 cm
y distance = 3.689 cm
Element L Y from top fiber Ly Ly2 I'x
Top flange 2.919 0.060 0.175 0.011 0.004
Bottom flange 5.160 15.140 78.122 1182.773 0.006
web 13.960 7.600 106.096 806.330 226.712
Negative web element -1.598 3.689 -5.894 -21.746 -0.340
top inside corner 0.879 0.263 0.232 0.061 0.026
bottom inside corner 0.879 14.937 13.136 196.211 0.026
top outside corner 0.879 0.263 0.232 0.061 0.026
bottom outside corner 0.879 14.937 13.136 196.211 0.026
top lip 0.116 0.678 0.079 0.054 0.000
bottom lip 0.830 14.165 11.757 166.537 0.048
sum 24.905 217.071 2526.503 226.534
average ofy: vy = 8.716 cm in below top fiber
Ix = 103.330 cm’
Se(8) = 11.856 cm’

Se(7)-Se(8) = 0.000 cm’, So FinalSe =11.856 cm’
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, H B D t d R Fy
section
cm cm cm cm cm cm ksc
C15012 15.2 6.4 1.45 0.12 0.83 0.5 5098
E A rx ry x0 J Cw
ksc sz cm cm cm Cm4 Cm6
2074057 3.54 6.04 2.30 -4.87 0.02 901.3
Ix ly f
cm’ cm’ ksc
129 18.8 5098
a. compression flange
w = b-2(r+t)
= 5.160 cm
w/t = 43.000 ok
S = 25.818 check case 2
case 2
la = 0.041 cm’
As = 0.140 cm’
n = 0.333
R1 = 0.140 use 0.140
R2 = 1.860
k e 2.205 use 2.205
Is = 0.006 cm'
lamda = 1.510
rho = 0.566 use 0.566
b = 2.919 cm
b. stiifener lip
art = 6.917
1 = 4.682.111 ksc



f2 = 4,125.355 ksc

phi = 0.881

k = 0.473

lamda = 0.502

rho = 1.000 use

ds' = 0.830 cm

As' = 0.100 cm’

ds = 0.116 cm
C. web

Yo' = 8.675 cm

check T-C? = T-C

H/B = 2.375

h = 13.960 cm

h/t = 116.333

fy = 4,733.658 ksc

Phi’ = 0.752

k = 18.262

lamda = 1.368

rho = 0.613 use

he = 8.564 cm

h1 = 2.282 cm

h2 = 4.282 cm

check effective web

h1+h2 = 6.564 cm
hcw = 8.055 cm
d. recompute properties by parts
h(neg)’ = -1.640 cm
y distance = 3.722 cm

0.613

check not fully effective web
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Element L Y from top fiber Ly Ly2 I'x
Top flange 2.919 0.060 0.175 0.011 0.004
Bottom flange 5.160 15.140 78.122 1182.773 0.006
web 13.960 7.600 106.096 806.330 226.712
Negative web element -1.640 3.722 -6.106 -22.727 -0.368
top inside corner 0.879 0.263 0.232 0.061 0.026
bottom inside corner 0.879 14.937 13.136 196.211 0.026
top outside corner 0.879 0.263 0.232 0.061 0.026
bottom outside corner 0.879 14.937 13.136 196.211 0.026
top lip 0.116 0.678 0.079 0.054 0.000
bottom lip 0.830 14.165 11.757 166.537 0.048
sum 24.863 216.860  2525.521 226.507
average ofy: vy = 8.722 cm in below top fiber
Ix = 103.264 cm’
Se = 11.839 cm’
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Mx  =2421.98 kg.cm
V. =141.28 kg
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1. TmeRBn1a9
Compute nominal strength

Compute Mnx

LC size: C10019
H (mm) b (mm) D (mm) t (mm) r (mm) Ix (cm’) ly (cm®)
102 51 14.5 1.9 5.0 67.3 14.2
ro(cm) Ag(cm2) d (mm) rx(cm) ry(cm) Sx (Cms) H/b
6.186 4.090 7.6 4.056 1.863 13.196 2
Fey Fet E (ksc) Fy (ksc) Cb Ler(cm) Af(cmz)
7106.98 4512.59 2074056.5 4589 1.15 30.056 1.190
hx (mm) xof (mm) yof (mm) Ixf (cm”) lyf (cm®) Ixyf (cm®) Jf(cm®)
-29.860 19.240 0.147 0.135 1.592 0.336 0.014
G (ksc) Lb (cm)
794469 100

IPB Bending Strength (Purlin) about X-axis

Fcrx (ksc) = 4589 ksc
Sex - IPB
a. top flange
W = 37.20 mm
wit = 19.579
S = 27.212

FLB = yes



D/w

K

Fcr
lamda
rho

w_eff

top stiffener lip

drit

f1
fo<f1
phi

K

Fer
lamda
rho
ds'
ds
web

Yo

h/t

w_eff

phi

312.009

69.505

0.223

0.402

0.390

2.000

9778.400

0.685

0.991

36.863

4

3968.135

3284.284

0.828

0.495

57994.593

0.262

1

7.6

1.693

51.116

88.2

46.421

36.863

37.2

0.995

23.882

mm

mm

ksc

mm

ksc

ksc

ksc

mm

mm

mm.

mm

mm

mm
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Fcr = 20775.209 ksc
f1 = 3969.543 ksc
lamda = 0.437
rho = 1
h_eff = 88.2 mm
h1 = 22.075 mm
h2 = 44 .1 mm
e. check effective web
h1+h2 = 66.175 mm
hcw = 44.216 mm  web is fully effective
h_neg = 0 mm
y_dist = 28.975 mm
d. compute Se_x
Element L_eff y from top L*y L*y2 I'x /
mm mm mm’ mm’ mm’
top flange 36.86 0.95 35.02 33.27 11.09
bottom flange 37.20 101.05 3759.06 379853.01 11.19
web 88.20 51.00 4498.20 229408.20 57177.41
negative web element 0.00 28.98 0.00 0.00 0.00
top inside corner 9.34 3,11 29.05 90.34 31.39
bottom inside corner 9.34 98.89 923.78 91352.97 31.39
top outside corner 9.34 3.1 29.05 90.34 31.39
bottom outside corner 9.34 98.89 923.78 91352.97 31.39
top lip 1.69 7.75 13.11 101.59 0.40
bottom lip 7.60 91.30 693.88 63351.24 36.58
sum 208.92 10904.94 855633.95 57362.22
y = 52.20 mm below top fiber
[x = 65.32 cm4
compute Se x = 12.51 cm’/ member
use Se_x = 12.51 cm’/ member
Mn_IPB = 574.30 kg.m



LTB Bending Strength (Purlin) about X-axis
LTB_X:

Fe = (Cb*ro*Ag/Stx)*sqgrt(Fey*Ft)
= 12437.84 ksc
if Fe<=0.56Fy ==> Elastic LTB

if 0.56Fy < Fe <2.78Fy ==> Inelastic LTB

if Fe >= 2.78Fy ==> no LTB
Sex - LTB
a. top flange
W = 37.200
wi/t = 19.579
S = 27.250
FLB = yes
la = 309.637
Is = 69.505
Ri = 0.224
n = 0.402
D/w = 0.390
k = 2.004
Fcr = 9799.138
lamda = 0.683
rho = 0.992
w_eff = 36.911
C. top stiffener lip

d/t = 4
1 = 3957.168

f2<f1 3275.207

Fcr,x

Fcr,x
Ferx = Fy
Fecr,x (ksc)

mm

mm

mm

ksc

mm

ksc

ksc

88

min(Fe,Fy)
4589 ksc

10/9Fy(1-10/36*(Fy/Fe))

4576.317 ksc
4589 ksc
4576.317 ksc



phi

Fer
lamda
rho
ds'

ds
web

Yo

h/t

w_eff

phi

Fcr

1
lamda
rho
h_eff
h1

h2

0.828

0.495

57994.593

0.261

1

7.6 mm

1.706 mm

51.099 mm

88.2 mm

46.421

36.911 mm

37.2 mm

0.996

23.899

20789.627

3968.373

0.436

1

88.200 mm

22.071 mm

44.100 mm

check effective web

h1+h2
hcw

h_neg
y_dist

66.171 mm

44,199 mm

0 mm

28.971 mm

ksc

ksc

ksc

web is fully effective

h_neg =10
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d. compute Se_x

Element L_eff y from top L*y L*y2 I'x /
mm mm mm?2 mm3 mm3
top flange 36.91 0.95 35.07 33.31 11.10
bottom flange 37.20 101.05 3759.06 379853.01 11.19
web 88.20 51.00 4498.20 229408.20 57177.41
negative web element 0.00 28.97 0.00 0.00 0.00
top inside corner 9.34 3.1 29.05 90.34 31.39
bottom inside corner 9.34 98.89 923.78 91352.97 31.39
top outside corner 9.34 3.1 29.05 90.34 31.39
bottom outside corner 9.34 98.89 923.78 91352.97 31.39
top lip 1.71 7.75 13.23 102.54 0.41
bottom lip 7.60 91.30 693.88 63351.24 36.58
sum 208.98 10905.10 855634.95 57362.25
y = 52.182 mm below top fiber
Ix = 65.350 cm’
compute Se x = 12.524 cm’/ member
use Sex = 12.524 cm’/ member
Mn_LTB = 573.121 kg.m

Distortional Bending Strength (Purlin) about X-axis
1.iflamda_d <= 0.673  Mn = My

2.iflamda_d > 0.673  Mn =My * (1 - 0.22%(Mcrd / My)"~0.5)* (Mcrd / My)~0.5

beta = 1

sine = 2

L = 30.056 cm

kpfe = 506.803 kg.cm/cm

kpwe = 429.820 kg.cm/cm

k'pfg = 0.145 (kg.cm/cm) / ksc
K'pwg = 0.006 (kg.cm/cm) / ksc
kphi = 0

Fd = 6187.580 ksc

Sfc = 13.196 cm
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SX = 13.196 cm3
Mcrd = 816.518 kg.m
My = 605.568 kg.m
lamda_d = 0.861
Mn_d = 523.543 kg.m / member
Compute Pn
H (mm) b (mm) D (mm) t (mm) r (mm) Ix (cm4) ly (Cm4)
102 51 14.5 1.9 5 67.3 14.2
Alcm?) rx(cm) ry(cm) cy(cm) E (ksc) Fy (ksc) Cb
4.09 4.056 1.863 1.755 2074056.5 4589 1.15
hx (mm) xof (mm) yof (mm) Ixf (cm™) lyf (cm®) Ixyf (cm®) Jf(cm®)
-29.860 19.240 0.147 0.135 1.592 0.336 0.014
Af(cm2) G (ksc) Lb (cm) Ler(cm) Kx Ky Kz
1.190 794469 100 27.96 1 1 1
L_x (m) L_y(m) L_z (m) J (em?) Cw (cm®) 0”2 (cm?) beta
0.75 1 1 0.0515 338.529 38.270 0.521
a-bar b-bar c-bar d (mm)
100.1 49.1 12.6 7.6
Compression Member Bend & Twist Buckling
a. axial compressive stress
X-axis Y-axis Z-axis
r 4.056 1.863 -
L 0.75 1 1
K 1 1 1
KL/r 18.489 53.668 -
Fe (ksc) 59881.071 7106.984 4688.868
Fexz 4512.588
Fe (min) 4512.588
Fy/Fe 1.017
Fn(ksc) 2998.237
b. flange
w = 37.2 mm

wi/t =

19.579




S = 33.666

FLB = yes

la = 84.778 mm
Is = 69.505 mm
Ri = 0.820

n = 0.437

Dw = 0.390

K = 3.063

Fcr = 14976.29 ksc
lamda = 0.447

rho = 1

b_eff = 37.2 mm
stiffener lip

d/t = 4

f1 = 2998.23 ksc
f2<f1 = 2998.23 ksc
phi = 1

k = 0.431

Fcr = 50535.98 ksc
lamda = 0.244

rho = 1

ds' = 7.6 mm
ds = 6.23 mm
web

h = 88.2 mm
h/t = 46.421

f1 = 2998.23 ksc
f2 = 2998.23 ksc

phi = 1



k = 4

Fcr = 3479.58 ksc

lamda = 0.928

rho = 0.822

h_eff = 72.49 mm
e. Ae

Ag = 409 cm2

Ae = 3.740 cm2
f. Pn_b

Pn_b = 11,212.27 kg

Compression Member (Rafter) Distortion Buckling
1. if lamda_d <= 0.561 Pn =Py
1.if lamda_d > 0.561 Pn=Py* (1-0.25*(Pcrd / Py)~0.6)* (Pcrd / Py)~0.6

L = 27.958 cm

kpfe = 654.574 kg.cm/cm

kpwe = 255.440 kg.cm/cm

k'ofg = 0.168 (kg.cm/cm) / ksc
k'owg = 0.042 (kg.cm/cm) / ksc
kphi = 0

Fd = 4,330.65 ksc

Ag = 409 cm2

Pcrd = 17,712.37 kg

Py = 18,769.01 kg
lamda_d = 1.029
Phd = 13,750.62 kg



Compute Pno

94

H (mm) b (mm) D (mm) t (mm) r (mm) Ix (cm’) ly (cm®)
102 51 14.5 1.9 5 67.3 14.2
A(cmz) rx(cm) ry(cm) cy(cm) E (ksc) Fy (ksc) Cb
4.09 4.056 1.863 1.755 2074056.5 4589 1.15
hx (mm) xof (mm) yof (mm) Ixf (cm4) lyf (cm4) Ixyf (Cm4) Jf (Cm4)
-29.860 19.240 0.147 0.135 1.592 0.336 0.014
Af(cm’) G (ksc) Lb (cm) Ler(cm) Kx Ky Kz
1.190 794469 100 27.96 1 1 1
L_x (m) L_y (m) L_z (m) J (Cm4) Cw (cm6) ro~2 (cm2) beta
0.75 1 1 0.0515 338.529 38.270 0.521
a-bar b-bar c-bar d (mm)
100.1 491 12.6 7.6

Compression Member (Rafter) Bend & Twist Buckling

a.

axial compressive stress

Fn (ksc)

flange

D/w =

Fer =
lamda =
rho =

b_eff =

4589

37.2
19.579
27.212
yes
312.009
69.505
0.223
0.402
0.390
2.000
9778.400
0.685
0.991
36.863

ksc

mm

mm

mm

ksc

mm




stiffener lip

d/t

f =
f2<f1 =

phi =

Fcr =
lamda =
rho =
ds' =
ds =

web

h/t =
f1 =
f2 =

phi =

Fcr =
lamda =
rho =
h_eff =
Ae

Ag =

Pno_b
Pno b =

4589
4589

1

0.431
50535.98
0.301

1

7.6

1.693

88.2
46.421
4589
4589

1

4
3479.587
1.148
0.704
62.089

4.09
3.357

15403.627

ksc

ksc

ksc

mm

mm

mm

ksc

ksc

ksc

mm

2
cm

cm
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Shear Strength
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E (ksc) Fy (ksc)
2074056.5 4589
H (mm) b (mm) D (mm) t (mm) r (mm) h_y (mm)
102 51 14.5 1.9 5 88.2

h/tw = 46.421
kv = 5.34
(E*kv / Fy)~0.5 = 49.127
1.51*(E*kv/Fy)~0.5 = 74.182
Fv = 2753.400 ksc
Vn = 4614.148 kg

Tension Strength
Tn (kg) = AgFy
= 18769.01 kg

Check Ratio Frame no.29

o

0 5 oy =
NIAIFTUNIUNFRAINIT IITNATINN 3.2

T =0 kg.
P =4928.98 kg.
Mx =2421.98 kg.cm

\Y =141.28 kg.
NNAIAIUNIUIEYANNITAIUIUTN95IY
™Tn = 18769.01 kg
Pn = min(Pn_b,Pn_d)
11212.271 kg

Pn0 = 13750.622 kg

Mnx = min(Mn_IPB,Mn_LTB,Mn_DT)

= 52354.253 kg.cm
Mnxt = SfxFy
= 60556.804 kg.cm



Mnxo = Mnx

= 52354.253 kg.cm

Vn = 4614.148 kg.
ASD Ratio case1 = 1.67(Mx/Mnxt+T/Tn)

= 0.067

Ratio case2 = 1.67(Mx/Mnx-T/Tn)
= 0.077

Ratio case3 = sgrt((1.67Mx/Mnxo) " 2+(1.6*V/Vn) " 2))
= 0.092

Ratio case4 = 1.8P/Pno+1.67Mx/Mnx
= 0.723

if 1.8"P/Pn>0.15

Ratio case5 = 1.8P/Pn+1.67Cmx(Mx/Mnx/Alphax)
= 0.868
Max Ratio = 0.868 msanululisunsy (‘[mﬂ@mnmmaﬁ 3.3)

2. TAEN1SATIAAAUNTINGLANL

v
a o o O

UANAINNITATIREDLAEATNIAIANNIN AL IR AT9FU 11U TRTINN1 AT %D L

o

&y g . g
\Hassiusnanisinamnzasil
ANINALANZEIGAT node 11 WINriL 1.36 cm.
z“(Sfull /Seff)

3
(13.196 13.196 13.196]

+ +
1251 15.524 13.196

ANUNUARTENUIANNNT TNz IHeR N UtNFARL e ANSHa =

3
= 1.036
Yol AlnaANzgATNg = 1.36x1.036
= 1.41 cm
AnTriaunne el L/240 = 1200/240

= 5.0 cm > 141 cm NU
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ES = Effectsize

o

AuuaszALUEAATY (Level of Significant 1198 o

o A o
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o

1
N o o A
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AnUAIUNA effect size
. = 1 [ r-z:ll 1 a d” 1
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