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Programming of Beam/Column Analytical Process for Composite Wall Panels
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ABSTRACT : The ohject of this study was a cold-formed steel wall stud panel sheathed by gypsum boards. In the bearmranalysis, the panel
was treated as a simple beam with a uniform lateral loading. The deflections were calculated by considering the primary factors that
reduced the stiffness of the panel. In the cohmmn-analysis, the panel was treated as a bearing wall with an axial load. By using an energy
method, nominal axial strength could be evaluated by considering both flexural buckling and torsional-flexural buckling, All calculations
were programmed and compared with the results of the experiment. In the beam-analysis, experimental deflections were close to theorctical
deflections, In the column-analysis, the experimental values were also close to theoretical values in axial strength.

A8 of 1S, WS, WA AR U A

KEYWORDS : composite wall panel, cold-formed steel, wall stud, bearing wall, composite action

T.ME o} ~HE7E HE YAHE B o] TS WY AmAbele] i
d Aojoh B AP AUl Iwe FRrslee] 244
2 d7e] i a2 13} o] FA9 ule WtE © T 9e Fdadel o8 HAgE ek S A
A7 2E g} AT HAY AR ~HE Zdalel Ratd glo] WAkl Aolch
A e (HaRE) 2 ARt BA% s ALY AeE A7) VAR g g F 1A
T35S U3 e WAE sMel g 29kl sl zg oz} 2712 pEed AAe gk 2 Byslson
TH WPeR FRENFo] sk BeAARE ) Ag ~E =g FEE A %ﬂ«%ﬂ% A A
o aidsiitt. T 2B (C-e)y } 35S dks o ¥ BHE BHoR & We BRe AR 2eER £ Ay
gk Bejjo]4o] EofgiAl vk Fwtgko @ HlEy FEo| of 7o BAEZ olopEe Py AR A AY
WAg Aok el 2Ejse] ofF ZAAES VAR (¢ A AAEE Rdels Aol
30cm #Rh) MRz Raslejgleonz swer mEY A Zzagel olgh of 84 NS HFs] Hal Axt
Ze whllsla] grevln k] B dree A ¢ o o AAIEE 39 A8(Lee and Miller, 1997) 2. 25E
=}, AR AEA AT Haen S AFd
aade] AR (stiffness) s AoRTe 7H) ~ES 71EAESRA e AP AHETE T3 Yo
ZUA B AAsl 9 vl vlndel o3t Aes Aan B 7Rsie] & W hEdo] el vEoR UFs
Lot 2B} Sa1skd] dAE o F0S wjo] et M sidatgict. dhat Y C¥% Al & dkgel At H

) A2Y, FlgE 7dA el g s gl 2 =5 g 29F 20054 8¢ 31974 d3E BT £ 39e
(Tel © 02-910-4691, Fax @ 02-910-4939, T-mall : Lecvou@Xookmin,ac.ky) Al

stEATxSE =27 H17E 15(8A 74%) 20054 28 45



olg |

W g Ee gulE AeredM dasl) 4 8 gers

AM 715E Tl dF Pol g FEa, vER AL
Eodle ekl digh wiEHd ol HRsn, g-vlE
FaRsode Pt HEH 2ol s seldn). £F A
Hog FAsb gh2 dnle %ﬁr HlEdel olaf =Fatzel

g e oglong o 4e nefdch
WY Tleeidt ZHE WAls A= AEE dErd
Aljel F2 Heolay vighlz ddso 9l ’“J—ﬁ]r
= = Alofst

e e A58 BAog Aoy Ags
SHE Zapolnt, Yaoled 4 ~E =Y AA) wve] $4
o At Arial 7hgEich VAR ddE Beoxel Bajeld
& oA AAlA B Azl FHdnt o dd2 ¥
=3 Fuls Azl diidol Hvf AL sl AN AL

falo 4 z= o5y g5 F2 eE AE 4 9l
19961 AISIAMEAM (1996) A4 &7 P22 HAE o
FOo7 ~HE oS fFaUToR AT RR afials

AEE ndtt 7] eS eldk FA7w Aol A kgl
e Faugelrt, 7HHL% Mak T2 aM g o] &8t o] 23k
o Aglaor 7hael Alg Avtel vlwsled FEE )

&

{a) EHE
Steetstug | i Wallboards F
{ A0 ] pa
Serews
prings
® ® >
® ® ]

Experimental Speamen Spring Supparta for Each Stud

(b} 7ISHS

T3 1. Hdaygel Hist 2d

2.1 BHE sl

2.1.1 Yol 9 Iz 3

T ATl ARgElE wide) ARE Ak =2(e]Y7],
200DellA a7hg ofel] Al 2ol ofal Fsfe] et WA Bt
A zEls) A e Vet Bagajel deld & melsle,
et Fus AAE olF8le WY PdEe ve
2ol FgE

a :__ RS L].E- I“b:/}jr_ﬂﬁ.g.gl

HAERIE(SHSH), Aw= ATH =] UHA(3EH) n = &

AT = Ey / Ew, 2813 Ew= A1HES] gilAlF 2
.‘

EREE LR RE R S E e B Lot
5} go) A& 5 9

(E1). =E 1, +2(E,.-1,) (2)

a3 194 BERe], A9 Wit A
ZA] o] MaHert Ak eis]

TAeA I e oA °‘C””l- o9 do] 3 Hekat
2(Sqp)2 AA317] ¢l8) wallboard fastener conection test?}
Azlel| os] AAHRIT o] dEe] ZAe A 5,9 243
olth, A¥z|etel HiwE YA AR, T 12.7(mm) 2} A
w46 Y E o] UAF (305(mm) VAR )l th gt
dPd A Sl MHE 214~1724 (kPa) et

HEA 0L IR (HEFAAF) O o A=A E 1

3 A4 A e 2.

47 2HEel 9%

A:Aﬁ,[1+fj( ((g:))”ﬁ'—l)] (3)
a7|1M, Ag= T A7 Fash dAE o] FE W A
A, = Laol gk g6z o& 7lsdd g
NEE 3} #FR), L= "] s
| -

=1
i
-+
o o'o“
Ei 5
U —_—
SO
ot

EIX)U = :11

LAE o FUE W % (
A E o) 77 FPL whe] 7w (stiffness).

46 =z Txsts =528 H{7A 15(5R 745) 20054 23



2.1.2 Adhdx} J)Fiddo] gk e
£ Oﬂ?rﬂ%% SHEE $ A7) 7haEkl Fo A
% o ~Ezo B B oAe] AHFRst EAE
Atz 7H€L Ao g (RAE AT a8 29 Bel
AAE olggl A, oA Aughsel, Jhﬂ‘é" TEE
dhro g Qg Fule] 2Eshe A AR FHFH)h
HEoe] A FEHAE(E FY) =5 %E% 2
A7NEe) 4 *h%w H“ME} fqu
RS

¥ lplel et iLTJ}% o g _h:_Ax Aol
ik 0 Q4 DBE FAE P BOSE A

8 2. Holl et Rat

Zrxsts =28 Hi7d 12(&H

A7 Mzt Aes BMY aldo) B/7IE AP Igel T
2.2 71SHF iy

2.2.1 YA (Rayleigh-Ritz )

H 7= Simman(1973)¢] & LA o9 A2 L"
318190t} Timoshenko and Gere(1961)9] 2.172] A &5
A 718 AEAUR(U), s A43 A AHA(V),
tfololszgio] WUA| (D} S AMEold 48 Heo] A8 &
g 7150 Az2d U3t & TuA YA AL Abst
At ¥ 2 Aol x&e it 4 A=)
o} viiAlel Mg ZEeled 715e] WdgeuAle] tolob
Zao] WA E3lel UQ_} V;’-l] = B H:U+ we.
2 % XE oxg degsidn oiAEe olf
(1,,=0)5 olgaps o2t o] 839 F Sivk

_H

L
=—% fo [E 0 ) 5406 40 A (@)

(EL)e =94 4= ((ELhe T (Ele)
(ElJy = 9847 28 dAE o194 23ls ve 24

—

el tislM ZskekE A8k ¢ eAA] vl A
T (ke 03] ¥ 1 7&5(@)&} AEE BHe) )

74%) 2005 22 47



01d2]

2.2.2 31 A2 d53 guE A2 5 4

Simaan(1973)¢] 7Fe W2y AH=9] thie ¢ 5
& warping®} 14 AHFEARE 259 UM = 34T ¢
oA, x, y& Wekogol sk glvkn yhgdt, ae]n e

ol Tl A (FEZolAlS K=1.008 98 AAZU-& vk

3} 2t}
u=v=1=0 atz = G and L (7)
du_dv_dv 5 gy =0andl (®)

dz>  dzt d2’
A7V, 4 = xZoNM e Ad 349 W
p = yEoMe At F4le) we,
¢ = @9 gz
L = #3370l

Il

.?40]]}\«] Hol & 7374]_% AL ,l’—“—o}-— _\,]-%oﬂ et & L_)r_
o hen ol HHIT

(mode shape) W4~

u= Alsm(ﬂw—/’—) (9)

L
v = A.ﬁin(%{) (10}
w:A;;sin(ngz) (11)

7, A=W R A7), =g g, ¢ A HE
2.3, n=(1,2 3,., e ndA & & (9FH (11)
A (4)F ek thgy e AAE de

1

2 4 (4)HE (6)9

”
4 (13)

A (12)& y&ol Cﬂﬂ %‘%E shz & 22 sls(Pyel o

2 AXal 2o A (19 Pol #e 23pERLoln Bul5
01741 42 439 7 %’M 2 A71e] A5 ool kS
gtk 9% U Y BHelM x3ol Ui uEYs ¢

& ool vhe @t F ol A @by & ARSI

dubHel B 2N E-HlE A e TRl
aAolAlr K=1.0) ¥ ofdek K=05, K=0.7, K=2.0
o] 5ol A% A

A8 s=zezxstz =27 M7 158 74

2.2.3 34 2 o489 M
y=ol et # Az s (o) et -Hlw

s 4 (1

g P)e ¢
23 (13) 2 AArE = o, x& ist & &2 3}
Z(PD & elg)o} 3.

Tt 22 A Al #Z gkeel ATt

D Py = %5 i3t g &= 35

2) P = %50 Ui 3 A= Bk

3) Py = & g P& e R A2 s

]

A E(ProliA Paz 78 2R gh) 2 B A=k (Pe)
o= Aodr) aeug By A=8382 thia o] geld
T it

"

F = (14)

A71A, A=4A @A

o

AISIAEA(1996) o w2, Blekd A% g4 A%S
B T4 Faese ey go] HgE 4 ook

>.
0

F,=F(068%)F, for A.<1.5 (15)
F:(ﬂjﬂ)F for 4515 (16)

714 F,=777%9] gpees

294 3% z:}g; A% FF dHA 44

f8 v 25 A2 A Ax 71AE dedd
A Az AA @AM e vlgg g 72
& Zoloz Aolgth AISIAIMA(1096) 23S ]‘%ﬁ
FAAAL o Aol HAN 33 2 S8 (Fy)d
ol 7} ax% #Hrpd 5 sl

3) 2005 24



37 3. YFofl cfgt FRCHH

2 A7dM 483 A 2E=e BRAA 43 A9 A
ZEcke] Aol ok 4 WA ] A9 HEe 2HES]
od mz} YT AR fHd] ARSI TGl
Ag3] & opnt. AFH HjHF T 2Tl i =7
#Z k= O9 39 ABH0sld 94 Hde] Ft5E T
7l MEd 34 45 A2 $9(Fn)2 A4 Saedkd 933t
A BejEria 7P, 5% A= 3t SR wet f
F 9Ee gykdes 7l dch

225 33 4574=
24 470 FE G 3 Aarenns oo
o] 34 43UES A

ABAA QFE FLIEL 2T 12T 715AFY 4
e AR L2339 58527t a9 49 veht Sl

P g

RS ARE gAY midel B/7|S siATIYel Fikst

2) Flexural Budkling Load about y-sxis =» P:
3) Torsional-Flarwsl Buckling Load dos to Bending about Strong AzisATwisting =+ Py

of Flaxural Loads & Torsional-Flexural Buckling Losds
1) Flexwrsl Buckling Load about x-axis = P,
4) Torsional-Flexursl Buckling Load & to Bending sbout Wesk AxisATwisting < P,

[ Calculation of Elastic & Nominal Buckling Stresses (P.. F.) ]

i

[ Cacistion of Bffective Cross-Sectional Arsa due to Local Buckling

]

{Unperforated Section) (Paforatnd Section>

1) Bffective Widh of Web 1) Bffective Width of Web
2) Effective Widh of Flage 2) Bffectiva Width of Flmge
3) Bffective Widh of Lip 9) Effective Width of Lip

L]

Evalustun of Bffective Evalustnon of Effective
Crons-Sactional Area (A)

Crosa-Sectional Area (A,)

hmMnM&wanp-ﬁ-

ic Proparties of the Secti
Elastic Buckling Loads
Elastic & Nominal Budding Stresees
Effactive Elaments for Un-/Perforsted Sections
Effective Area & Naminal Axial Strength

b

a4 JIEAS Cft WAEETHe| sEE

3. TatZ=agoel AN HE

3.1 EaliMe| AS

3.1.1 ARk wla: o] 4 vs. 49X

% 493)9] FPHELHo] o FAES wet 74 AAH
At

D 7 12.7 mm HaRE (FF7)

2) 1] 1.22 m <

=27 H173 15(53A 745) 20054 28 49



3) 34 1.22m, 244 m, 4.27 m, 4.88 m A%
4) Zo] 41, 64, 89, 102, and 152 mm &~HE=
5) % 31.8 mm ZE3A

6) 57 0.51 mm (2541°]A]) and 0.89 mm (20A°}

A) 2AH=
7) 367 MPa (2541°]1A]) and 313 MPa (20Al°]A]) &g
g (Fy)

8) Zo] 6.4 mm (254°]#]) and 9.5 mm (20A°]A])
lip
9) 0.61 m 2H= 714
10) Zo] 25.4 mm, #6 JZZele] YAF (25 AoAl:
HELAL 20 AloJAl: self-drilling YWAHE 7+ 9
A9 F97 qud=g 7H4 0.30 mE 92

& A(2.1 EAT 4ol g WHez e o4
AR (IBAD L ARl & dAlE 3HERE (Lee and
Miller, 1997)22%¥ =9 AR vlu AU}, Hrist
2% Suip(1724 kPast 214 kPa) #t& 283 338H 7 A%
AA@Eo] 7zt 29 5% 6oll Yehd it o &x]ek 43|
9] B2 g 948 Ratio(Hl&=4¢2]/0|22))7} AHET. 19
59 6258, A Sups AEF A AAFEC] A2 Supd
AE% A8 AdaE Eoh A3A9 § 24%= € F A
T ATl iz WA $EEAE o 2

l) jqq'] Ss]ip :
2) HA Syip :

0.97, 8.D.= 0.13
0.

x
x 78, 8.D.= 0.15

a3 59} 6oll4 Bxo], 85| Z7)81E Ratio’h 2AF £E
2 27}, o] 2L AL 1AW Supdks AmEe B
%+ el Aoz A3 BAH dslel wgolzt o

3.2 7S84l A4S

3.2.1 &74% u)a: o| 24 vs. 4FA

£ Ao Axsprdel &) A9 o 47w A2
g A53P) S8l 7189 7 suAdae] dig vuE 4
Alsiict. WA gHdejo] ohd B AHES] YT A
g |z o8] (A4 5, 1999) 38 CEA L&Al
27 gg AEH A7 1 gHe ALE dsle]
vl on, 1 ARAe A84: F1d veht glok

Salip=1724(kPa)
Square: L=2.25m, Trlangle: L=4.06m, Circle: L=4.6Tm

P (Ps)
a8 5. MEZL HIZ-ZSslip X8

Satpm214(kPa)

Square: L=2,25m, Triangle: L=4.06m, Circle: L=4.67Tm

Mean=0.781, 5.0.=0,147, Wax.=1,238, Min =0.507

P (Pa)

23 6. MLt H|u-E2Sslip HE

vl wegoll A= 19979 KSD3854 “A&7=4 HHAE] A
B7HZSS400) (F=RFY3], 199794 Hohe B =d%4-S
AHglgien, 783400 7dAe] 71F 8 EE 294.2(MPa) &
ASSIETE. ® 1ol & 4 giRo] A|RH|s} Tl Al
e Al a5 4335 AdsEE o4 43 ¥
# 98%9 o|2X(FFHA 0.023)F HEHAC

oo "Adohea FEAARS FFd AF AY(F
Bl &85, 1998)or ZHHA gt 45ATA et
ARFETS BHe & @79 o] &3t vlusiint. Mol
AP YRS Aol fef =21t oA AlAlst
€ 4= % @EATE o188 A ofd WE AW
g Ads 2 A7l FAF AEAT dF FAEES
o] 24kl Wi ¥luE o5l & 2 YEginh

50 s=zr=sts =27 H17H 15(EH 745) 20054 28



E 1. ool o2 SEFUT 8|u-8]11

28 t Lo |49
(M) | (mm) (mm) | (KN

oli&z|

yu%

(KN

(=

o|EA)

m

(em)

e

bl )

10094460 [321.66| 1.6 | 14.5|19.3]| 840 |65.41|67.04| 0.98

1005480 [321.66| 1.6 | 14.5(19.3[1130(56.79|56.75| 1.00

10017100 [321.66| 1.6 | 14.5(19.3|1420147.37 |46.47[ 1.02

001120 |321.66] 1.6 | 14.5 (19.311710|37.83 | 37.11| 1.02

A |314.79) 1.4 | 14 [17.3] 810 |56.05|59.12] 0.95

148 AAD (31479 1.4 | 14 [17.311090(49.61|51.13] 097

A0 (31479 1.4 | 14 [17.3|1370(40.93 |42.41] 0.97

41 (314,79 1.4 14 [17.3[1650(33.03|33.75[ 0.98

IR0 {31774 1.4 [13.9]16.8] 804 [56.85|59.64| 0.95

L8 [317.74| 1.4 [13.9(16.8|1082(49.72|51.47| 0.97

IH0RLIA100 |317.74) 1.4 1 13.9(16.811360(41.77 |42.60] 0.98

AR 1317.74) 1.4 113.9(16.8|1638133.91 134.59 | 0.98

3T 0.98

MEFHA 0.023

R, = A8Adl 218 785400 % LI AR
t = AE 1-: t:}tﬂo 71—1H 'r"7ﬂ
m = HgEy

1, = Aol mh

o me g

AZIES
= A urA

o &
e 2

AH7

r>~

A &)
2]

A =7

i)

ole] ol

100SL - I, - 60
—

\ A A

71 A

AT AN, Hud T

telo] HEHY U BHUE Hl2-|w2

Fu

. Iy
: (MPa)

(MPa)

Al

=
[} 3]

88C

400 4021

294.2

w23t

D R

2.8

T

140

min

25
(N/m™)

14.0
mm

3.25x10
H]"J

m
m

EERY

14|
1.08
1.07

A Al Py (KN | HEAUEN) | ol &A1

WC-1P150
WC-2P150

265.4
363.1

189.2
311.8

I A AR
814 Aol Bt A7)
2ol YRR Py
Ag 7S
of ok 1087%¢] @& vhehAe] o
A3 BelFa g Aol

olgel Zul ¥ gt u

Z

e ade) TR A

rir

A

2E{E MY aido] 2/0|F AT Tt

7w A Ee oAbl WA Al#E 5= Qo shAlvh
3.2.2 vyl s5
B oA Axs )RS olgsle), ¥4 o dde] A
aHEd ofg vy E.AL S o AolM AFdE ARE &
3 Mmaledch 28 Adzpe YE o3 g #
Z7red] Bek g AT (AR F, 19999 o dollA] A
£ B o) My A goael 23} dRAAH Fhs)
ook E3o)AM Ba RaAje] Zolrt ZelHe| uje} FAAE &
7Hgol AR 1, FELAF Kitel & W) 3R F7+e0]
A VS o4 o), 2Hng 5 ] Fa delrt
dold42 Byo|d g7t AR FaZClASF Kitol &
uf }.{%31%]% o 4 9tk
E 3. 2ajlojA]l FTfof s Hm
Pn(kN) /1
AT Ay |L
RFA A b mm) o0 8[Non B (%)
100SL-L-60 | 839.98 | 74.33 |74.33] 0o
o1l m 100ST-1-80 {1130.05| 74.21 |88.72] 8
| 4y 11008LL-100[1420.11] 74.04 |6169] 20
p, LO0SL-L71201709.93] 74.33 5489 87
- ) A8
o - | 100SLL60 | 839.98 | 72.14 |67.04] 2
L 100S1L-1-80 [1130.05] 71.50 |56.75| 26
P 100mm e T 00142011 | 72.94 | 46.47 | 57
100SL-L-120{1709.93] 72.01 [37.11] 94
140SI-1-60 | 810.01 | 63.92 |63.92] 0
o7 | T = |[140SI-L-80 [1089.91] 63.62 [60.36 | 5
1 414 [140SL-1-100[1870.08] 63.23 |55.04] 16
\pn |140SLI120[1649.98] 63.92 [49.18] 30
% 140SL-T1-60 [ 810.01 | 6211 [59.127 5
Lo A= 14081180 |1089.91] 61.19 [51.13| 20
| 140mm [14080-1-100]1370.08] 62.41 |42.41[ 47
140S1-1-120]1649.98] 61.98 | 33.75| 84
15081-1-60 | 80391 | 64.44 |64.44] 0O
ol b 150SL-1-80 |1082.04] 6412 |60.89] 5
1 g7 7 [15081-1-100[1359.92] 65.64 | 55.47] 15
Ve LBUSL-L-120[1612,65] 64.23 [50.05] 30
i a 150S1,-1.-60 | 803.91 62 58 | £9.64 5
1.0 A = 15081-T-80 [1082.04| 61.50 |[51.47 20
V1 150mm [ 15081 -1,-100] 1359 92| 62.69 | 42.60 | 47
150S0-1-120|1612.65| 62.56 | 34.59 | 81
¥ 4, Beo|al &0} : L=2.44m
Prn(kN) Z7H
Al &) 7 1d
K e A L{m) ©—304 8 | Non-B (%)
05 | 100SL 18 | 2.44 8064 | 6015 | 34
0.7 | 100SL, 18 | 2.44 7984 | 42.63 | 87
1.0 | 100sL 18 | 2.44 7752 | 21.04 | 268
)R = glaAlge 93 Als gEAE
Ty Bile|d &re whHel Z7(A'gke Wb
AdAe] glgw & = . e =A4E HFgAA A - /}
A7=xsts =27 H17H 158 743) 20054 28 Hl



ol

Zolg A4 A22el 13 FES Fol(1,=2 44m) 2 Y
st 49 S W, PelA 4RE APAE wEEA AR

[
REo 0@ Bo]lo] gl RS9} Hlwslel 34~268%¢<)

7R B
4. 2 E

T A @AE BA Y 5 7] o] dH RE(EAFH 7
AT o H SI* Bl AAIEE A WS Rl
A Adslsie] fAF @A AlgdeldE Thest
7 glet

A A oA Hel Supoll et ABAF o] €49
97%2] FAE H‘ﬂ% b EHE% T SUSiTh AlgE 4
oo vlmet & = AT, 71FATAAR ol 239 o
3 A3l 0‘17;}57} 98291 108%71312] ZAAIE Kol=
2 295 Bylth g K=1.0% w vige] 28k Bejo]d
B} 268%4 TrHECHE AR E ST 4 Qi
B ApdXe FEE e 259 2HE 9EE Ydes A

E

e dgAske] vug Fafo] 2 AN AR i)
HE Az sgln 2 MY deld AAel Zag Byt &

2 @78 Mo 4 YA W R Te F
Aol A&H 4oL ¥ drdslel Y3l Aasirhn

e g o

-

&1nF

oled7] (2001). MuEzel Ag= 7k A7l ddel B

52 szzp=xsts =27 MH17A 15(5H 743) 20054 29

Lee, V. K and Miller, T. H. (1997). Final Report on
Composite Wall Tests, Department of Civil
Engineering, Oregon State University, Corvallis,
Oregon

American Iron and Steel Institute (1996). Specification
for the Design of Cold-Formed Steel Structural
Members Washington, D.C

Simaan, A(1973). Buckling of Diaphragm-Braced Colurmns of
Unsymrretrical Sections and  Application to Wall Studs
Design Repart No.353, Department of Structural
Engineering, School of Civil and Environmental
Engineering., Cornell University, Ithaca, N.Y.

Timoshenko, S. p.. and Gere, T. M. (1961). Theory of
Flastic Stability 2™ edition, McGraw-Hill, New
York, N.Y.

(H==2x} : 2004, 10. 11 / 2AKY 2004. 10. 11/
MApRtz e 2004, 12, 10





