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Composite system
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« s:uU (Iasvasv) Jaawau wWus: uuniu:aomnnm
1Us:=Lnn Uw:asuusomatuinsoasm goaiuisa
Us:gnalglanunv flexural member (AU) HED
compression member (Lan)

« dHSumuiHanAaulwanAuwunaunsa LoAUSU
LsvLAQNISAQC :1AQFIUNSUUSYDQ LLazadUnSuU
usvdv MsaanuuuAMUIKanADUIWEN IRWIISTUN
ikanLdudousuusvdv uaAaunsa (Fusuusvdold
Upgaduiinoinsulula) Wudiusuusvoa

 dHSulausannaulwaanunaunsa lukagus:InA
lagtawr:egJutsutdlainaltrannsonddgnouNSa
l§£1ﬂ3'1s Uu CFT = Concrete Filled Steel Tube lag
LHANWIYIBLWU restraining IUlHADUNSAS:LODDN
LazADUNSAUNYIULWU confining TUlRIHanLAaMs
lnvlta:ztawn:n (local “inward” buckling)

\__ Steelbeam  — Concrete slab

Steel tube buckling

ﬂ\

Inward
buckling

\<

Outward ( oncrete

( racks

Cllmh

Concrete

Steel tube

Outward
buckling

Concrete
crush



Composite Beam -1
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. msnaaswmumannaufwannuwunaunsm
Ioan:IUa ISudInMsAacivAIuLRan ua> ol
LUy zsomalu metal deck uas>svaadv shear
stud L(Woa® shear flow D1AUUSVINADUNS WU

« FudATUACGDOWIISTUIAD “"d1AUMISADAsIY” H3D
construction sequence LWS1:LUDADUNSOWUED
Ludvdd composite action AFlLAQTU LWS:
apunsadolliawnsasuusvdald Gouulus:H31v
mistnua:mssalinpunsawundodd wadnssu
yovAIULKaNd:=guldu non composite

* UDNVNU IAINSKDDNULUUTVADVWDISTUT “DIUdU
¥Iuw1Q” HSD span N metal deck 21vuuAU
LWS1:N1SDI0OWIQEIVLAYD D:doWacio moment
wa: deflection AguNI1 NNSOIVWIOHAYBIV




Composite Beam -2
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* MSDDNUUU concrete metal deck composite =
steel beam guciDoWdNSANGY USUeuLHanLasy FWHAT IS
ﬂusndz;sognmhazjzlsﬁ adQQ:UNSVLHAN" HSD wire MESH FOR?
mesh uNnKUN “UpvAunisuansidonnNIsKAc) S
uDVADUNSQ (shrinkage crack)” BouudUHua
n(Uuuzunusuiau reinforcement [3512 1.0 - 1.6%

¢ UA:QDgVIUNDASIV DIDCADVIMSSounaaulu
KSorM “¥oulla” NzanWiuLWUWU v tdudovil
1SN “box-out” ADUUNISINADUNSA La:LdD
ADUANSAUTVCAD Juimsda metal deck oon lag
Hiuda metal deck fiduNISINADUANSA LWST:
metal deck 3olUu 1-way flexural member 1D
QNQAQDDNV:JeYLAY strength ua: stiffness [Uu1n
Nl WPDNULUUDIDADVWINSTUILASUMAVSDULDY
Wamuwaunds Kindoavm floor opening

! STEEL SHEET =~ —.]
WELDED TO THE
DECK FLUTE

VARIES —‘_\|

c) Steel framing per Figure 10 can be use if the openings are
larger than 13", but smaller than 2" perpendicular to deck

% STEEL CHANNEL OR —_
! ony ANGLEWELDEDTO  \™
-4 THE DECK FLUTE \
? ! % MAX. 2.0"
!
', \ T
’ Figure 10 — St the edges of opening with steel frames
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o (UdOUUDVANTISATUITUHINNAVSULISVUDY concrete
composite steel beam 3A2ASKDDNUUUAD VD
ADULDN(D DIV

1)

2)

38nsuUav concrete (KLUU steel material U
Hanudv compatibility nwmsa,n:n composite
beam WalAianmsaadd IKanua:AdUNSOD:LdUSU
[UwsSoua Au lagranlun1sSWaISaUNADVLNYU
dadouudv elastic modulus (E) uovltHanLlAgUAU
ADUNSQ LS8N modular ratio (E./E,)

LNEUN(UNISWDISUNUDULUQUDVWUADUANSA
(S9N “ADUNIIVUS=GnSWa (effective width)”
lagd1vdv AISC 360 2:Wd1S8UIDIN ANCIFauUdY
wassuluuca=awunAaaan (a) 178 uovAIULND
mu:omnnuaﬂamuaomusaosu (b) 1/2 udv
S:g:H10S:K3WAULKANNREAQAU (C) S:8:01n
AvnaivAmUuAVUDUWU

AISC-I3
1. Interior

Be < by (for equal beam spacing)

2. Exterior
Be < L/8 + (dist from beam center to edge of slab
Be < by/2 + (dist from beam center to edge of slab)

Effective Width

The effective width of the concrete slab shall be the sum of the effective widths for
each side of the beam centerline, each of which shall not exceed:

(a) one-eighth of the beam span, center-to-center of supports;

(b) one-half the distance to the centerline of the adjacent beam; or

(c) the distance to the edge of the slab.



Composite Beam -4

#WelLoveSteelConstruction

* Dpawisanr effective width, b%IcTua“J ANNN1S
uUa\)Humomnnaunsmtmduman lagranns
fip “WdlAansAadd ADUNEAOAD: remain plane
LAgIAUAIULKEAN” AMUKANNISUDY beam theory

« MsNd:=AVS:UNULGEDAUlAUU dduyDv concrete
slab l@vlNQ compressive strain N@oanaovu
ASAQAdUDY composite beam GoUU LWD(KLAQ
compatlblllty UDVIKANAUADUNSA NGDvLUAY
WuADUNSQ NNI1Y b, (KtanavalgAl modular
ratio =n=E,.o/ Econcrete = E;/E. MiH composite
beam UF]:)']UﬂJ'\\)C’lS\)EDUF]E)UﬂSC]lI’T]ﬂU b /n

* DIAUU FuMMSAIUIEUR transformed section
property 13U moment of inertia (I, «rormeq) (WD
HIANMISUBUCDNA:NDU stiffness upvAucialU

section

—_—
&

/ l
Concrete section /

Neutral axis

Transformed

—




Composite Beam -5
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« MsHINMavsuluuAaQudv composite beam
Uu d:ApvuwaistunuuduluaAtyAo concrete
slab ADvSU compression (positive moment)
lagowiUululasrchuKuvunua:tAu neutral axis
v:D&A concrete HSDN steel 3uK1NDEN concrete
v:dvwalHddouudv concrete NLAQ tension KglU
aogwouluAd concrete [LJSU tension

n\)UDFDﬂSNDDﬂllUUC]E)\)WD‘]SE'U'I steel beam
web slenderness = h/t, IOEJH‘mUJu compact
web HSD h/t, <3.76 V(E/Fy) AdIUISOWIISEUN
plastic stress dlstrlbutlon [awas uaxn h/t, >
3.76 V(E/Fy) 3A2nsACioowo1seun elastic stress
distribution (lunN1SATUDEUKY Moment capacity
Uov composite beam tws1:o:1AQ local buckling
AU compact web dowalH web Su stress [Ufio F,,

L b, L bey = bo/n

1 1 ’

T PR ] N
Concrete section / |::>

Transformed
section

—

| E—
b,
| l
L] 1 A
o] ko -] et s8] [y fiber
= : — - \: — C
\ M B
& Neutral axis + L
o fa
(a) Neutral axis in the concrete slab
b,
1L 1 f.
N - S fb,
—n I lﬂ' - W - C o - -f.l:"f.»cg'_ o
—————————————————————————————— 1 T .. L
_ M\ fa -
= Neutral axis o+ >
: : f{l("‘i’s”1 :}
/ — 1 1
jmmmmmmmommmooo--oo-o > £

______
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« MsuU1 metal deck U‘IZUlwalUu composite beam
Uu a:davtdulumudpuludocalud (AISC 360-16)

a)

b)

c)

d)

A>W@vuovaau (h) TWiAu 75 mm A21UA3IVI0A
yovaou (w,) liupen31 50 mm

Govu0aav headed stud AygNISLBoULUNNU steel
beam lagasvHSoN:aWIu metal deck Lwnlun
steel beam lagciov gund1asupgvUDE 38 mm
LAcNI1S:AUADADUNSADEIVUDE 13 mm

ADUNSQUU metal deck AovgviHlips:auanu (t,)
2g70UD8 50 mm

Metal deck GovlBouaaldnaugiusoosu lagi
S:g:H1VS:HIWAUgNa1vNIstdou [UAu 450 mm
Taso1o18oudI8 headed stud Kéd @ouUdULTNAU
Aulasqsy

—EEN}

~>1 5”

tC

2 2')1

-

h,

S 3”

/ W, > 2”

; steel beam




Composite Beam -7
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« MSANYUSVS:HIN concrete deck ua: steel beam
gua:lnausvidoulunudusu vV’

a) Lolna M* fiu composite beam USVLADUS:HID
concrete deck AU steel beam d:9nainglag shear
headed stud aanaygdivn M*__ v M = 0 Nul 219
1AQNSIUA limit state civa sulaun (1) Aswaa
crushing UpVADUANSA (2) NSASINUDVAIULKAN
a: (3) NMstaouuov shear headed stud

on both sides
. e
AL L) L
d 5 ] bl /,'Lh" »\ b

Exterior girder with slab
extending only on one side L = beam span

< NPT Amsc13
~f 1. Interior

Be < by (for equal beam spacing)

2. Exterior
B < L/8 + (dist from beam center to edge of slab
Be < by/2 + (dist from beam center to edge of slab)

Load Transfer Between Steel Beam and Concrete Slab

1. Load Transfer for Positive Flexural Strength

The entire horizontal shear at the interface between the steel beam and the con-
crete slab shall be assumed to be transferred by steel headed stud or steel channel
anchors, except for concrete-encased beams as defined in Section I3.3. For com-
posite action with concrete subject to flexural compression, the nominal shear
force between the steel beam and the concrete slab transferred by steel anchors,
V', between the point of maximum positive moment and the point of zero
moment shall be determined as the lowest value in accordance with the limit
states of concrete crushing, tensile yielding of the steel section, or the shear

strength of the steel anchors: V' = average horizontal shear S:H310
(a) Concrete crushing M+max AUM=0
V' =0.85f'A, (I3-1a)
(b) Tensile yielding of the steel section

V' = F A (I3-1b)

(c) Shear strength of steel headed stud or steel channel anchors

V' =30, (I3-1c¢)
where
A, =area of concrete slab within effective width, in.? (mm?)
As; = cross-sectional area of steel section, in.> (mm?)

X0, =sum of nominal shear strengths of steel headed stud or steel channel
anchors between the point of maximum positive moment and the point
of zero moment, kips (N)

The effect of ductility (slip capacity) of the shear connection at the interface of
the concrete slab and the steel beam shall be considered.



V' = average horizontal shear s:H310 M*, , , iAUM=0

o
Composite Beam -7 Tl
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15U K1 shear flow AM=01a5T/mua:AM*__ 140
aanQy¥dv 6 ma:ldN V' =5*6/2=15T

ou l P Transverse Force Cross-section a-a

| A — rea

Y f" - I" B ¥ e . asl Ay o e,
M(x) X ‘)-‘-,. .......... Y SR M(x)+ d‘wf(x)d_l Area A 1
: ax t

-

)
Y
D)
i Shear Shear stress T
Force F(x)
HATINYDILTIIULUINAY X = O
F, F,
Yip Yup ! wix)
+o Y F, =0= IGUI(_\')J_T - JG‘:I(_\')(if1' +1 Hy)de =0
» ¥ on both sides
Y 3 ' ' o by
danasuauntslu nounudt o = M(x).y/1, [ - ]

e |\
R o r () g (N Arn M, M,
j _\_{(; b t(y)dy — _[ Mr(_v)ﬁy+T‘_‘I(A\‘)d\' =0 }— X — dx 7@7

¢ —
b,
, L d 5. | 4yl 2] g
Fanesuauns v InennsAviaruanae dx way t(y) W | I
] X Veop e 5 AM(x) b, e b, .| by -
T = dM (\) 1 I ’I( ) I M) X, M(x)+ dx dx < Exterior girder with slab
o dx 1}’( 'l') VIV )d) m extending only on one side L = beam span
i i dx

wd V(x) = dM(x)/dx dnviasuluiazle AISC-I3

A Wuiuninensan was 1. Interior

xy

(x) " r(x)o(y) 1o o ,
= t(y)dy=—=2l 2= Tagii Oly)= vi(y)dy = 34 - . .
It(v) '['1 () Ir(y) It o) J“ ylyhy = y" Wuszezann centroid 191 A Be < by, (for equal beam spacing)
' 2. Exterior
B < L/8 + (dist from beam center to edge of slab

Be < by/2 + (dist from beam center to edge of slab)

lUéa N.A. w24 cross section
Ref: www.ku.edu.tr



Composite Beam -7
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« MSANYUSVS:HIN concrete deck ua: steel beam
gua:lnausvidoulunudusu vV’

a)

b)

LUpLAa M* AU composite beam LSVLADUS:HIIV
concrete deck AU steel beam d:9nainglag shear
headed stud aanaygdivn M*__ v M = 0 Nul 219
LAaN1s3UQ limit state cihva sulaun (1) mMstaa
crushing UpVADUANSA (2) NSASINUDVAIULKAN
a: (3) NMstaouuov shear headed stud

LoLAa M- AU composite beam LEU USLOTUYACID
continuous beam Bviin1sLasuilkan rebar tu
concrete deck awsawoisaunlklUu composite
[a lagaanayoon M- v M = 0 9:ADuWIISTUN
limit state citva sulaun (1) "MsASINYDY rebar =
F, oA (2) MSLODUUDY shear headed stud

Load Transfer Between Steel Beam and Concrete Slab

1. Load Transfer for Positive Flexural Strength

The entire horizontal shear at the interface between the steel beam and the con-
crete slab shall be assumed to be transferred by steel headed stud or steel channel
anchors, except for concrete-encased beams as defined in Section 13.3. For com-
posite action with concrete subject to flexural compression, the nominal shear
force between the steel beam and the concrete slab transferred by steel anchors,
V', between the point of maximum positive moment and the point of zero
moment shall be determined as the lowest value in accordance with the limit
states of concrete crushing, tensile yielding of the steel section, or the shear
strength of the steel anchors:

(a) Concrete crushing
V' =0.85f'A, (I3-1a)
(b) Tensile yielding of the steel section
V' = F A (I3-1b)

(c) Shear strength of steel headed stud or steel channel anchors

V' =Z0, (I3-1c)
where
A, =area of concrete slab within effective width, in.? (mm?)
As; = cross-sectional area of steel section, in.> (mm?)

X0, =sum of nominal shear strengths of steel headed stud or steel channel
anchors between the point of maximum positive moment and the point
of zero moment, kips (N)

The effect of ductility (slip capacity) of the shear connection at the interface of
the concrete slab and the steel beam shall be considered.



Load Transfer Between Steel Beam and Concrete Slab

Composite Beam -7
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User Note: The table below presents values for R, and R, for several cases.

Available strengths for steel headed stud anchors can be found in the AISC Steel

l|' -
B, Construction Manual.

7.
T . Condition R R
l-S:EU T [ | ﬂ BH_.fChtA- g P
] B | ” s
- L f C ) No decking 10 0.75
M )
o Neutral axis i + ' Decking oriented parallel to the
- — f A, steel shape
W,
I —/>15 1.0 0.75
R — f r
]
W 15 0.8508! 0.75
hy

Strength of Steel Headed Stud Anchors

Decking oriented perpendicular to
the steel shape

Number of steel headed stud anchors
occupying the same decking rib:

The nominal shear strength of one steel headed stud anchor embedded in a solid con-
crete slab or in a composite slab with decking shall be determined as follows:

1 1.0 0.6
On =0.5Ay ﬁ,E( < RngAmEI (I8-1) 2 0.85 0.6
3 or more 0.7 0.6
where
A,y = cross-sectional area of steel headed stud anchor, in.2 (mm?) hr = nominal rib height, in. (mm) - ) )
) L. ) wr = average width of concrete rib or haunch (as defined in Section 13.2¢), in. (mm)
E. = modulus of elasticity of concrete il For a single steel headed stud anchor
5 = . . 1 This value may be increased to 0.75 when emig-s = 2 in. (50 mm).
= wg . ksi (0.043 wg 3 1, MPa) Y et ( )
Fy = specified minimum tensile strength of a steel headed stud anchor, ksi

(MPa)



21AN1SAUDaU Plastic section modulus
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- A M, = F *A*Arm, + F *A,*Arm, +
Arm, | A, A +F *As*Armg + F A, *Arm,
Arm, H N =F *X (Area* Arm)=F *Z,
! A, ] HUAoauuias A, = Ajua: A,= A,

HUYAaauuias NA ogi n onz—nomwanmu

A, =5*07=35cm?’=A,
= (10 -2*0.7)/2*05=215cm?=A,

Arm, =(10/2-0.7/2) =4.65 cm = Arm,

Arm, =[(10 — 2*0.7)/2]/2 = 215 cm = Arm,
b C]Daﬂ-‘\) 1 H 100 X 50 (tf 7 mm t = 5 mm)_ Zx =Y (Area * Arm) = 2*(A1*Arm1 + A2*Arm2)
c = 2*(3.5%*4.65 + 2.15*2.15)
el = 2*(16.275 + 4.6225) = 41.8 cm?
t A1 r — —
Arm1 i A, pun A2 mun 'fﬁaw’rﬁ? u8ne Tuwgv’cmmni.au i’ﬁ;ﬁ’!\}*}iu uaRan1Afia
ind " mivde | wms | 4 -
3 HxB t: Jtafl r a <ol
A — - : — = S _ 3

T % ’ 100x 505 M| & [11.c00N00| NNEH | HAREN.oc) INBUNU Z, 5, = 37.5 €M

| A, | 100 x 100] 6 Vsl 10 [z 8000072




Noncomposite beam moment capac1ty
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5 Dun (AWMU m:a;u vfun WI8R8 'i‘.muunm'mmnu i’ﬂu‘hnﬂu ELREN LT
cm M, =F,*Z (Area * Arm) =F *Z, - |- G | N
pe A1 HxB | t1 [t r a ¢ Ix ™ ix | iy [WZx Zy
H100 x 50 (tf 7 mm t =5 mm) 100 x 50| 5 J| & | 1105408080 | BNEE | AREh:.os] 1.1z  31';,=
Arm1 l A, KA Z =418 cm3ua: F =370 MPa 100 x 100 6 J¥a| 10 |z 400007 | NS8S | 1AMl c.47| 7488
N.A. 10 cm
ArTm3 % N M, = 3700(41.8) = 154,660 kg-cm = 1,547 kg-m
A oM,, = $M, =0.9(1,547) =1,392 kg-m
auud AU 913 3 m TMSATUNIVTIVAADAANLYD
(fully braced laterally) SUWUADUNSQA KU1 10 cm S:8:H1V
S:HDWAIUNDEAAQAU 2 m SU Live load 200 kg/sqm. )
A
2:1d DL = (10/100 m)*(2,400 kg/cum.)*(2 m) = 480 kg/m * NA 10em
LL =(200 kg/sqm)*(2 m) = 400 kg/m A
1.2DL + 16LL =1,216 kg/m 3
YM;, = wL?/8 = (1,216)*(32/8) = 1,368 kg-m < ¢M_  OK 'y



Transformed section ... Why?
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P F+f=10+1=11
P =777

ﬁ _ | Deformation
Compatibility
* = =1*1 =
K=10 k=1 F=KA=10*1=10 f=kA=1*1=1
|

: P 1 K=K+k




Transformed
Stiffness

Transformed section ... Why? ﬂ P
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P=121=KA
t F+f=KA=121=10f +f =11f

A=277 Deformation
Compatibility
- - F/10 =f/1
K=10 K= A=F/IK=F/10 A=flk =f/1 F - 10

P =121 P =121



Transformed section ... Why?
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P =121 P =120

1

A=777

K=10

Transformed

K Stiffness 2??

10 k=1 k=1

K=10

i

P =121



Composite beam stiffness

#WelLoveSteelConstruction

n =EJ/E_=2000,000/276,900=7.2 E. =0.043*(w)">*Vf
= 0.043*(2,400)1.5*V30 (MPa)
b.,/n=(300/8 cm)/7.2=5.2cm = 27,690 MPa = 276,900 ksc
5.2 b, =min (L/8, beam spacing)
cm V1A1 +Y2A; _ (5)(11.85) + (10 + 5)(52) — 131 cm =min (3/8,2) =3/8 m

Y= A +A, 11.85 + 52

10 cm Iy; = 187 cm*
1
I,, = —(5.2)(10%) = 433 cm*
A ’ 12
IX,t == (IX’1+A1d%) + (IX’2+A2d%)
E
e = = _ 2 _ 2
10 cm 2 ¥ [187 + 11.85(13.1 — 5)2] + [433 4+ 52(15 — 13.1)?] . ;
0 N — cm
= =973 + 612 = 1,585 cm? H
5 em ° Composite beam 2:0 STIFFNESS —

1,585/187 = 8.5 1 V1N Noncomposite beam 5 cm



0.85f,

i CE Bicl2| o
°‘ ? Birc/2

1

Composite beam moment capacity - [~ =
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KUK UY Plastic neutral axis oo Composite beam

IHanSuusvdv = 3,700(11.85) = 43,845 kg
ADUANSQASULSYDQ = (0.85*300)(37.5*10) = 95,625 kg

Avuu Plastic neutral axis agluwunaunsa

drenpunsallisuisodv dolduaiuIsarIcILKLIOALAQ
dauQaydvlsvIaNNWUABUNSAAULSVIGVIINATULHAN

(0.85*300)(37.5*0.85y") = 43,845
y' =54 cm

M. =C(Arm_C) + T(Arm_T)

p
=(0.85*300*37.5*0.85*5.4)*(5.4-0.85*5.4/2) +
43,845*(20-5-5.4)

PNA

Neutral axis

-

— | ——T=A4,

= min (L/8, beam spacing)
=min (3/8,2) =3/8 m

b

e

375 cm

0.85y’ Compression Zone

(Rectangular stress block)

Z
>

G
= 136,284 + 420,912 = 557,196 kg-cm E 10 cm
=5,572 kg-m %
l—
oM, =¢M, =0.9(5,572) Composite beam 2:0 STRENGTH

=5,014 kg-m 5,014/1,392 = 3.6 1i1 910 Noncomposite beam 5 cm
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Required Strength for Shear Connector
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* 1BULQYIAUNSATUDTUSDELEDUUDY built-up beam fd LD
usvnguanns:MAU flexural member Ad:dowalRLAQUSY
mMelu NV moment shear ua: axial load FudowalRlaa stress
HSD ADWLAU 3vid 2 sUaAD (1) normal stress AIULAUCIVAN
AUKUNAQ wa: (2) shear stress ADIULAULDDU

e A1 shear stress (1) Y=duWusAUUUIQUDVUSVLADULU shear
force diagram (V) lago1n equilibrium equation

y
o !
T '_' "—// dy I
o > | _/i N t !
_u(,\‘)C_L_-}7;4____\____11 _____ ) fl{(.\')*dj;,—@dy ------ - :_ _____ _,
’ |
‘ dx :
|
_ V(x).Qz(y) i __ (Yto _ —7 At
v = Toosey 080 Q:0) = [Ty b(y)dy =1y

M(x) . __\J_E_____;_ _____ V(x) 4 '/‘f dx

Has YIS luLILAUX = 0

> F,=0= |o,ty)dv— |o,.rly)dv+t 1(y)dv=0

IaWaTuaums bl lasunue o = M(x).y/1,

Vese x
dM(x))y
/

M (x )y (M (x)4 ,
l /l_\'l(/l' 1

|- =ty )y -
” /
Ianafuaums i Taevns smvisvainde dx was ty)

IM (x) ¢
i ] | pt(v)dy
dx  Ir(y) ?

T 1y )dx

0



Required Strength for Shear Connector
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T _ V(x).Qz(y)
XY 1,(x).b()

v(x) =V(x).Q, (v)/I,(x) shearflow

loon Q,(») = [J*" y.b()dy = £ 7' A’

shear stress

« usvtdou Kilavin shear force diagram

«  muKanAoulwan UngnoanuuulkLdu
simple beam WalHd>uuuyovVATUASU
usvaauugnsulagwundUNSOZVSULSYDQ
[aalpudvIa strength cnUAGDYNIS

« AISL¥oUCID steel beam LUNAU concrete
slab A28 shear connector dvAavuln
LWgOWDCIDNIS angusvldaulutudusu KSd
shear flow (usvcias:g:Nv kg/m Wudu)

« 9:§ shear flow AGDVS shear force Borla
917 shear force diagram UnaQ




Required Strength for Shear Connector
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* dHSU uniform load on simple beam d:dvuwalHina 00 elastic shear flow |
shear force diagram (SFD) suauisasu lag shear 00% compgsite action __ actual sheor flow at faiure

force v:tiauingan support wa:ldugud AAvAavAIU __— deized plosic shear fow

. ml-nﬂcmm\) shear connector {H “ao” ﬂu SFD Usuneu ,

HEoAWATUNISAQAY shear connector Az (spacmg o
Up®) USLdTUINEY support Ua: H1vdU (spacing 11nTU)
LIoH1v91In support [Uu O uSoeu AvnalvAu T R T T T T T N T R locding

sh shear-
P b ! ! connector

 tumvoUJua aoe shear connector s1AlLWY SoJN
generalize {HlG maximum shear N support tuns

Wo1Stun shear stress KSo shear flow 8V conservative

woauads tgu AMudeu (A shear flow 3,000 kg/m (910 shear max)

f1vaLSgv shear stud 1uand lagy shear stud ucia:csuusv
tdoulavaoanon 1,000 kg

* UWdHINRPDNUUUGADVNIS optimize Aunu A1 wWUvlBU
aaav shear stud (discretize) aus:=Quuovlsvlaoulu WDISEUN “conservative” composite action d:Gva0AY
1LAA:¥IvY BVUUNUQAWUDUDVIAINSKDDNULUU shear stud 1,000/3,000 = 0.33 m H3D spacing 30 cm




The Most Economical

Simple Steel Beam

s:uumMUIHaNYIVIAEDN
Js:Hgaunnaa

Ref: SSSBA, “Peoria County Looks to Steel for Innovative Bridge Replacement Project”

e .



Composite Cold-bent Tub Girder -1

#WelLoveSteelConstruction

« tunda ladnsiBoviumu eTiSmINeSe T g [ e
IKanAUsIAINASLEDU I[i v 1\311 s e
(welding) udidmswudusy T ey aa

Su IE1unsvav (tub) Tag y I\ a8 core-rotte seeer m1, sl
ulUlGsounivunWunounsa | 1 ¢ 5 i ¢ HE
HaodLso (precast ) b b
concrete) l3dUCIDAIY 1 =/ e

shear stud lag Taly and A [ e ) )

Gangarao (1979) lag i
precast concrete AU "Ocker Sactions bave.3'-0" & 376" dapeie “Plate Aroued Holes
HULWEV 125 cm g

Section 'E-B'

Ref: Taly and Gangarao’s Composite Section (Taly and Gangarao, 1979)



Composite Cold-bent Tub Girder - 2

#WelLoveSteelConstruction

6'-6" PRECAST CONCRETE DECK PANEL (7'-0" MAX C-C GIRDER SPACING)

e Avucisoaud 2000 viu
AodS1va-wilulluuLsvadu
Accelerated Bridge

TOP OF BRIDGE DECK
Construction (ABC) lu / ' s
] [ (TOP & BOTTOM) .
ulsured1AtyugVvIU / = : ‘

ADds1vd:zwiu NAovNs 1L o bt o
AQWANS-NUCIDNNSISIDS S

o'y’ 6'-5" - INTERIOR UNJT 0\

#** 3”9 HOLES FOR
SHEAR STUDS (TYP.)

8" DECK
27" CLR

—gn

b | |
H
!

P N | S

NN
1 SEE BRIDGE DECK

o~ KTIX D WX JOINT DETAIL (TYP.)

¢ Con-Struct Prefabricated x*ﬂé“p%”i};? COPRESSIVE STRENGTH)
Steel Bndge SyStem -[6 GALVANIZED STEEL EEE DP[LAA.N SleEEAwR FSDTRUDSF’{ATCYIPFJG)
QnAQAULa:UIPDNIaaN0 S
(uU 2004 lagauisam
ADWEDEIVIaOY 60 Wa
(18 m) IOEJLj']IUtfj_ﬁ 1°-9%" MAX VARIES 2'-10'44" 10 5'-1% 1°-9%" MAX
Minnesota, Missourri la:z =« LOV ITUD AL BAS |5 B SPA. @ 9" (TOTAL = 6'-0") 3"
Michigan

|

VARIES
1% CLR,

VARIES

Ref: Con-Struct Prefabricated Steel Bridge System



Composite Cold-bent Tub Girder -3

#WelLoveSteelConstruction

 Cannelville Road Bridge lagdu
da=wiuus:1nn Composite Cold-
bent Tub Girder (Uo3uUuLSani
Press-Break Tub Girder, PBTG)
LHVUSNUDVSY Ohio

- msgnluluga Mlagmsaado
PBTG 2 30 NWIuNMsyudun:auuu
YUSDUULADLBDUCID LUNODYAUNU
Sandwich Plate System (SPS)
Deck @vuiv:lRo1gmisidoiulago
w100 U

« AMsgndvua:mMsaacv 1luqQa s
LAWYV 22 UIN AJYLASUYUIQ
Jnandlu

Cannelville Road Bridge in Muskingum County, Ohio



Composite Cold-bent Tub Girder - 4

#WelLoveSteelConstruction

« UV 1span oontdu 2 luQa (2

¥DVVSIDS Roadway NIV S1D 8.6
m) D:dvwalsuciazygoo span Goaa 28'—4" CLEAR ROADWAY WIDTH—————= 1'=7" |
(unisgndIVIWeEY 44 unn (ILdu
SOULAINADUNSAJUSSAU:ZV
WLAY K52 UHPC asvuSLIeU joint)

31'—6" OUT-TO—0UT—WIDTH

-8 1/2" DECK WITH .
1/2" INTEGRAL - | =6 CIP UHP.C CLOSURE PQUR

» Un@ 10 m span 0uLUULIASTIU WEARING

SURFACE

yvKUdgVIUNIVUUS:INA d:10u
St UUF\E)UﬂSCInun\)uUUHaaIun
lazuvu precast AKUNSOU topping
$12 50 cm Bvijusun DL Us:zuieu
1,250 kg/sgm lnEJUﬂUS UU PBTG o]
AWUKUIU1D 20 cm DIKAanNUWUdn o
Js:z1eu 100 kg/sqm dowals DL
2giNs1D 600 kg/sqm HSo DL uov
s:UU PBTG AalJutwgv 50% uUdv
conventional system Typical Bridge Cross Section

=—7'6"EXTERIOR MODULE— =7’6"INTERIOR MODULE— 7’6"INTERIOR MODULE-- ~—7'6"EXTERIOR MODULE—



Composite Cold-bent Tub Girder -5

#WelLoveSteelConstruction

« lunswoisaun ComPOSlte system St HD'I\)WUF\E)UﬂSC‘IﬂUFnUlHaﬂ D:WIISTUI1 1 8IvUDY deck =il
dousu bending souAuAIULKAaN By effective flange width tri1fiu 240 cm

1 /o /7/8" X §" “"—]—"'
5:,”/;]2‘ /(TYP.) 5/8" e — =1 7/16"
R /
/,/ «‘ 1 ——] - — -
ﬂ T 44 1/2"
R - RN,
[ CLR.
T L |
[ ] { [ ] L] [ ]
L 54 8 1/2
22 5/16 57
| @ . J | e 1 ® | i
1" CLR.-
ULTRA E—IﬁH
PERFORMANCE -
CON IL . HF [E
5 10/16"4
21 3/8

Typical Cross Section Typical Joint Section
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Basic things
you need to
know about
metal deck

#WelLoveSteelConstruction



Metal deck in general (1)

#WelLoveSteelConstruction

. IoaUanumoUgumuaoUs inAlNg A131 “metal deck” d:3AU “UWUIKENS QLT UBUFVN:E A
mumsuusUquHLUuaau dHSusavsSumMIstnAdUASAGIUUL” FolanciiuoIn “metal sheet”
Asvi metal sheet d:lisovsumistnAdun3a UATGLOU uWuoHavnlan:

* ASzUDUMSWAQ d:lUunsun Cold-rolled coil GL K3 IKAnuWUSaLgUyUdVN:dutadU (KSD
2101U0uU hot-rolled GI) ULdINS:UDUNS souusULau (cold forming) IHIOSUswomunmaoms
dotdulagnluudd metal deck 2:0ANLLIY wazdAUaWIsaluMsGumMuMstiaaauiaa

« Tagund awundvudvLlKanidu (coil) o= aansn 12-14m doudu luamumssouusmau =i
ADIUADIVUDY metal deck Us:zuieu 11uQS (+/ ) JuAU “ADUanudVsov (flute)” golasndlu o:
JuuraAdwan 2” (50 mm) - 3" (75 mm) Ioamwﬁum.s.qmu A1 gauge YN gauge 16 KUN
0.05"” (1.27 mm) gauge 18 Ku1 0.04” (1.02 mm) [Udu gauge 22 Ku1 0.03" (0.76 mm)

1000 Cover Width

I 333 .
| |




R51 Load Span Tables (835950) Steel Grade S350 —-|Normal Weight Concrete

Maximum Permissible Span (m)

0.9mm Gauge 1.0mm Gauge 1.2mm Gauge
| Span Type Fire Rating  Skab Depth  Mesh Total Unfactored Applisd Load (kN/m2)
{hours) {mm)
35 50 75 {00 35 50 75 100
101 A2 276 276 276 276 300 300 300 29
10 130 A193 250 259 259 259 276 276 276 276
< 150 A2s2 2.46 2.46 2.46 2.46 2.65 2865 2.65 2.65
8 110 A3 268 268 268 245 292 292 292 25
- 2 1.5 130 At93 259 259 2.59 259 2.76 276 2.76 2.76
#WeLoVeSteelconStruct]on £ 150 Azs2 245 245 245 246 | 265 265 265 265
125 At93 280 2.60 2.60 2.32 2.80 2.80 2.70 2.35
20 150 A252 245 246 246 246 265 265 265 265
176 A2s2 2.32 2.32 2.32 2.32 2.52 252 2.52 252
101 At42 323 A28 003 267 | 347 0347 343 276
" 1.0 130 At93 3.0 3.0 3.30 3.30 3.30 3.30
— = O [ [ — -0 — [ . 150 A252 289 289 314 314 34
* (28 metal deck (3@ HSUsDVSUADUNSOIEQ BUEVTLD :
2 15 130 At93 305 305 3.30 a7
- -2 c — E 150 A252 289 289 314 a4
- 125 A193 300 294 3.33 256
AMUaILISaluNIsSULLSYIUNS=NVUTVAD metal deck
C'™. 175 A2s52 2.72 2.72 2.98 2.98
-—D "R —l | o [ —l 101 A252 4.13 4.24 3.30
dVCQovU (1) strength awasasuulHUNADUNSAOJQ Wa: I
g [ ™ 3 150 2 x A252 5.10 5.38 4.22
[ 110 A252 3.76 3.84 3.0
- g 1 L/ - F 15 130 Aza3 4.3 4.47 3.
construction load lapgvdanany ua: (2) stiffness ' i e
[ ™) 2
‘g 125 A3a3 3.85 3.89 3.
8 20 150 2xA252 | 435 439 3
449 454 a1

Wududounvsuliuld lagdooworsaunus:LnnAdUNSA
aceo1tdu normal weight/KSo|light weight concrete R51 Load Span Tables (BS5950) steel Grade 5250 -|[ightweight Concrete

Maximum Permissible Span (m)

* ANS secure strength performance S0ADVYWYISTUN mmUEREE L WS
(a) dimension NVALENUDVSDY (flute thickness) . v & o mlzEEaEegalEag
wa:Ad>1WHUN (b) span length (c) grade 3aq a:nou
AnavAsn Fy ua: (d) anueu:zuov support LU 210 R o
metal deck wuU simple span HSD continuous span

« douns secure stiffness performance AllicoAuuIN : R - e
ILCiv=WoIstuN(uLdv serviceability HSamstsoulaa e aE R
[Wuduunouluans HSaowIAQUTVIUDUIAC Golu ? W B ogm L

mprehensive fables covering a wider range of slab depths, loadings, fre ratings and mesh szes visit our website

LNEUNMISUBUCMIVADVKISDAU owner (HBaLdUNDU




Metal deck in general (3)

#WelLoveSteelConstruction

o IWDlHawIsaQuANgAMWUDVS:UUIU e N
N1SSULSY (strength) uazaanisusucd
(stiffness) lgvda metal deck Sotlu
lauau "quuu" IWDSDVSUADUNSAAQ A
S1ud8As “WEauwunaunsaldaudvdd
lWAUAULHAN” na1gllu composite
concrete slab steel beam

* S:UU composite beam 1Uuns “1BoL
wunaunscmumulHanZHsuusoIU
wsSaunu” Icw WUADUNSAD:SULSVDA
wa: ANULKAND:SULSVGY omisus:zanu
wuaduAsaua:AULKanisnivull
wSounAu maomms secure shear flow
strength StHJIWWUADUNSAAUAIU
IKan AouMsly “shear stud” Gv
awisadadvikiviulalagvie

o S _CONCRETE SLAB
’ _MESH REINFORCEMENT

_TR60+ DECK PROFILE

_19mm @ x 95mm SHEAR STUD
_EDGE TRIM AND RESTRAINT STRAP

_END CAP
il FIXINGS TO SUIT
/ PROJECT SPECIFICATIONS

e .
"
. .
50mm min. BEARING
- 50mm min. BEARING



Metal deck detail (1)

#WelLoveSteelConstruction

* Woa:HUNLaUd 31 metal deck Wud>u B
vovlJuuusSUADUNSAda AuUUudVIIAIIY T e——
90una=aov “Uanvlkanonuov _ 4 p< TReD DECKPROFILE
ApunsSaaalunnyooniv” Adensls - I

| EDGE TRIMJAND RESTRAINT STRAP
|END CAP

_FIXINGS TO SUIT
/ PROJECT SPECIFICATIONS

aUNSAULASU LU END CAP UQso1NSDO
(flute) HSo|EDGE TRIM|uuwududuwu
(slab edge)

« 15210 metal deck AISIRITS:g:UV KD
BEARING|width [LUp8gnd1 50 mm WD

50mm min|BEARING
- 50mm min.|BEARING

UDunumsuguadHaQooNs:HI10NISLN
ADUNSQ La:8d8 secure strength ua:

serviceability (UIRusuUINdULAUU

* Concrete slab 9Uudovibikantasy
IW2UDunun1ssS1D lagunanwan metal
deck d:uu:UNIRIGacalkana:UNSY wire
MESH sutdulucunoiuHuIwunaunsa




Metal deck detail (2)

#WelLoveSteelConstruction

- lunsedRLLUDUDUWU (slab edge) ogjlagoonlU
91AlUD centerline uovAU ucmumujua Cov
ugnguuna Edge Trim ua: Junudalwuldu 3o
WSULHLUY NWud:GovaidumsamuAinu:un
yourwaaua:aadv metal deck

« NuiHKINUDUSULAUNIIUIOSTIUN metal deck
supplier s:U WSULKUIHAND1DADOWIISTUN
dacv AYUBIAS1D (Temporary Propping
USLDTUUDUANEUDDNUN

L —

e St uumauuansm molUusUuuu dlagonal
kicker| IGIILNGURTUNEVUDVAULKEN
(asJ>vasunuUananguovAIu lagdAdNS 1
AIUaIVISAsSU torsion (A Dwudu 19GdvM
diagonal kicker|ciolugv metal deck onau

Shear Studs

Overall
Slab
Depth

130 mm
150 mm
175 mm
200 mm
250 mm

1.0mm
105mm
95mm
90mm

85mm

Edge Trim

Dimension from toe of Beam

1.2mm
126mm
115mm
110mm
100mm

1.6mm

160mm
150mm
145mm
135mm

Propping Required

2.0mm
200mm
185mm
175mm
165mm

Additional reinforcement may

/

required where slab edge

overhang limitations are exceeded. To be

designed and supplied by others

/

be required (designed and

supplied by others)

Edge Trim and
Restraint Strap



Metal deck detail (3)

#WelLoveSteelConstruction

450mm max. cantilever from toe of beam*

* Metal deck DSusSuusvAANIVLGYD (1-way — - -
direction) ADMNYUSVQIVUUDYIIUDVSDV \ Restaint Srap

[Ugmunovadiuwudavann (HSpo1oM. a/ ,ﬁ

| Edge Trim

U skew) flu metal deck auuulunsegin s s e
daiuisa “8a metal deck” oono1n beam EESICEYRICERICEIRICEIL
centerline [UJ slab edge [ 35nsuv: ’
Us:rganI1MsI3 kicker KSoAYUBIASID

 s:g:8U cantilevered length uaundU
anNudvsov (flute thickness) uov metal
deck Bva:=Nou section modulus
(strength) ua: moment of inertia
(stiffness) uov cantilevered metal deck

Slab Depth

SMD Deck Proﬁle—/

* Nul 2:pvaacv Edge Trim (8ade
Restraint Strap) tWoUovniunislHaoon
UDvADUANSA



Metal deck detail (4)

#WelLoveSteelConstruction

Restraint Strap

 funsednuud metal deck yuunuAIU shear Stud
uouo1MS (Wlasu metal deck) ucindu
nvunU “g1dlufivauyou” Aoonins
daddguwudacusalZ Flashing IWd
Uovnululinounsaliaavdiiovaiv

¢ MISsdaunuulv NV Metal deck, Flashing,
Edge trim, Restraint strap 4a4 (8n1s
£aQd8 screw UargUany

. MSAQUWUUIY IAsacIdunIsiKi
viulalagvigargnisténssins aauuu
manual

3
SMD Deck Profile 4/
| 2 Flashmg
(shown in blue for clarity)

’

l \ Edge Trim



Metal deck detail (5)
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« lunsainAovnismyéovlda Nduunall
(Kedunun (LU 25 cm JuAUAILLU=UNUDY
NWaA) D1wWIsauNGLdunaovadalld KD
TWu box out yovldalbavsu Ioalumao
lasukantasulaa IWULAD ua: mmscm
metal deck aontdonounsaudvdd

. lunsednyovidaduunalked (ualuiiu 70
cm) WINSEUILasuUmMavalgiHantasuuu
(ULUDNUEVUSIIUUDU LAzLISUAIELHAN
tasulunudyuunuyovldany 4 AU LWD
UDuAiuN1sanuS1DeuuDU Ua:sQlsegns
u1aK19lU (A wliciolioy) uoviKanLasy

o Astuyovildalkaduin (12170 cm) D10
WIISEUILGSUSDUQIIAMUBDE




Metal deck detail (6)
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Slab poured prior
to adjacent area

* Zl:l_ﬂsmn-[ula—l_;;u—lsﬂEnn_BUﬂlsm Construction joint, preferred position
[daapaunWuwu (LlButaunN at toe of beam
1,000 m2) :Juciouwaisaun
CNUHUVHSDUUINISHYANISLN
gulunmuunua unmKrualy
Wus:g: 1/3 UDvAUYIVYEIY
wa (span) uov metal deck
LWD optimize lUwudaa ua:
usvtdou (WlKAlaAKTVLUIN
a2uthulu

Alternative construction joint location,
no greater than 1/3 of span



Metal deck detail (7)

#WelLoveSteelConstruction

Steel End Caps-

« {unstdin metal deck NYad>WlunNANIVA
AVANNAULIUSSIUAU U CUKUVYYDVAIU
AovlaSeUS:E: bearing 981oU28 50 mm
yDVAIU ASUUIKUAN (AvaINAUNANIY LUd
N1S210CDUDVAIU) WSouAuaaav Steel
End Cap WaUavaunisiHaoonuoy
Aoun3aaa dsutufANVATUIASULKUN
awnsacaa metal deck (RwWoQ KSoD1(T
Z flashing M detail (4) basuala

Shear Studs, staggered
\\ (If required)
) " \ VG\‘ f

LWUU dauHdv (stagger) IWDlHaw1sa
L3DW concrete slab Nuaavaulun1syde
SULLSVUDY composite beam

« A1sav|/Shear Stud o19Wa1saUNOQOY /
TR60+/TR80+ Deck Profile

Minimum 50mm bearing onto steel



Metal deck detail (8)

#WelLoveSteelConstruction

Iunsmnumswaaus QU top of slab tu cduKuUvVAU AsovSU metal deck s: OUWUHE)EJC‘I‘lﬂ:)‘l (5
momomanmmwasaosu metal deck lag(RUs:g:Uv Uy metal deck (WUDYNI1 5 cm NVUKIN
Lower Slab 2&iciin31v Upper Slab uin 919wo1seunfiacdiv Edge Trim LWL

Upper Slab |

Edge Trim to form upper slab edge

Upper Slab

= Step in slab to be traditionally formed
A ’ by others. Reinforcement to step to be
)

designed and supplied by others

Lower Slab

Lower Slab

-

| ' —— g =
= | ) — = _—
/| ! i - e s S S
i = p— - -
a e
\\.‘g b v - v » - v v k4 -
SMD TR+ Profile ‘ A\ - -
|
|

Shear stud

-

|
.
SMD TR+ Profile J

Shear stud

SMD Deck Profile with end caps

\— SMD TR+ Profile with end caps

50mm minimum

50mm minimum
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PostConnex G9&1vi 1
naaou large cap plate laslul headed stud uunaus:uieu 2.3 tiyavuuia
LE3NDLHAN 1a: 2.5 1N IRYUAUAIUKUIWUADUANSA

wan1snaaouUs1nnn1s3UGLUU punching shearlndlAgvAunus:u1cunis

" o, g b A

200D
nUlwan

#WelLoveSteelConstruction



Composite Connection

Actual

Stress Field \
\
\‘




Composite Connection

Check concrete bearing strength (0.85f_’)

A .
2 uINga 2 ... KSd
Aq
A, .
— Umnga 4 ... KSd
. . Aq
| 2N |
_li-l I [ 1
N Wufn concrete suusv (Juc
“““ a=auunga 2N ua= 2B
m
N Ay o




Composite Connection

Calculate base plate thickness

Uniform load 1c base plate = P,/BN

Moment 910 Uniform load = %2 * (P, /BN) * |2

Moment capacity vov base plate = ¢ F.Z,

lagn ¢ = 0.9 ua= Z,= % t 2

""""" ) N 2P,
=10 t, =1

Y

e

— eq@U

_N-0.95d

—

-
| N

ﬁ}tp
RERRERRERARRAREN

Y
-Y__



Base Plate Design Limit State

< d .
Concrete Bearing (A,=N *B) i P i
=R_=(0.85f)* V(A,/A) * A, < (¢ = 0.65) * (17f ) * A, i i
"¢ =065 LRFD  Base plate MxiAns:Meusvavgaaionaunsa dv Base | ‘ i
=0 =23] ASD plate yunalked gons:=v18usvlad (concrete §uUanans) i i
(- N C;.QSd , ,
e .
( Limitm Base Plate Yielding (Bending or Flexure) ! !i i
=t,=1* V[ 2P,/ (¢F,BN) ] LRFD s Y
“t,=1*V[2QP,/ (FBN)] ASD (e st
" For HColumn: [ =min[{(N-0.95d)/2, (B - 0.80b;)/2,l/4V(db/4)}] & 3 F A 8 5% X X 5 8 & pega
* For HSS Column: [ = min [ (N-0.95d)/2, (B — 0.95by)/2 ] T T T T T T T T T T T T T T T T T T
=R, =t,%/2°* F BN Base plate maouuousmwsowana SU pressure 91NC1DLD N

Aounsala v Base plate uuumZHfgauaanmﬂuamamm
tiKS (L uAN) uADVLWULASQ KA WKUILINTutiGU

) - v @ WCE

SSI BUILDING TECH West Coast Engineering Co. Ltd.




Inverted Thinking of Simple Innovation



Base Plate mmp Cap Plate

® ULE
SS1 BurLDING TEC

JILDING TECH West Coast Engineering Co.,Ltd.



Base Plate mmp Cap Plate

Downsides ...

» Field installation & adjustment?
» Concrete crushing under upper columns?
* Aesthetic & space on the floor? N

@ UWLE

UILDING TECH West Coast Engineering Co. Ltd.




Composite Connection -6

usviniaav column 91n upper floor
n19wW1g lower column Tagasv

. v
\

\ suusvan floor p

late 1as /

Punching Shear

CAP PLAT

E

O

O O

4 Column ‘

' spacing -
- - T T T T |
: Tributary Area uav :
; usvon floor plate
| :

: O | O
: . :
,  holgav lower |
| column :
: |

O O

PART FLOOR PLAN




Composite Connection -7

usviniaav column 91n upper floor

fing11d lower column tasasv Ideal Load Path

l ‘ 1. Column load 9 Upper column sihg1un Cap

Lol e 5

N\
P 1 \;\‘ | : // = 22
1 \ I I #
/\ 4m m) . 23
| |
I I 24
| |
: |
Check : : 25
Punching Shear I |
| |
I I 2.6
| |

plate (bearing) lUéiv Lower column

l
l

| 4 — . 2. Floor plate shhgusvidng Column lag
! /

I

Cap plate (bending)
Bolt Suusvdvon Cap plate

Horizonal plate uov Triangular bracket Su
svv1n Bolt

Horizonal plate angusvg Triangular
bracket

Triangular bracket ahgusolutudavd Upper
column WU weld

Triangular bracket ehgusolunuduaug
Upper column 101 diaphragm plate Nogaiu
{u upper column
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Introduction to POSTCONNEX and XSHEAR

)

=

@

4

D et

N g > o
Timeline 1° ’LO’L ’LO’L 0= %
® ® @ @ @

n1snadou punching shear &1HSU POSTCONNEX

Shear stud rail

Rebar dia 16mm.

Concrete

»»N )

SSI BUILDING TECH SYNTERRA




Introduction to POSTCONNEX and XSHEAR

N 0 % q>
Timeline ’LO’L ’LO’L 1/0’1, 0=
® o © @ @
L SSI Steel
Construction
Forum 2021

ussegnelae

Ref : https://www.youtube.com/results?search_query=postconnex

»»

SSI BUILDING TE!

o SYNTERRA




Cap Plate Laboratory Testing




Cap Plate Laboratory Testing

Laboratory Testing
Cap Plate Size Cap Plate Grade Without shear
320 x 320 mm HY370 headed studs
Cap Plate Size Cap Plate Grade Without shear
320 x 320 mm SS400 headed studs
Cap Plate Size Cap Plate Grade With shear
320 x 320 mm HY370 headed studs

West Coast Engineering Co.,Ltd.

. ® ULE




Cap Plate Laboratory Testing

Laboratory Testing

Cap Plate Size Cap Plate Grade Without shear
320 x 320 mm HY370 headed studs
Cap Plate Size Cap Plate Grade Without shear
320 x 320 mm SS400 headed studs
Cap Plate Size Cap Plate Grade With shear

320 x 320 mm HY370 headed studs
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Cap Plate Laboratory Testing

Laboratory Testing

'l Cap Plate Size Cap Plate Grade Without shear

& 320 x 320 mm HY370 headed studs

Cap Plate Size Cap Plate Grade Without shear

. 320 x 320 mm SS400 headed studs
Cap Plate Size Cap Plate Grade With shear

= 320 x 320 mm HY370 headed studs
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Cap Plate Laboratory Testing

Laboratory Testing
Cap Plate Size Cap Plate Grade Without shear
320 x 320 mm HY370 headed studs
Cap Plate Size Cap Plate Grade Without shear
320 x 320 mm SS400 headed studs
Cap Plate Size Cap Plate Grade With shear
320 x 320 mm HY370 headed studs

SSI BUILDING TECH West Coast Engineering Co.,Ltd.



UPPER COL.
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Introduction to POSTCONNEX and XSHEAR

Present
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POSTEONNEX

PCT Approval

\\%

Ensuring world-class

WIPO | PCT (1) Novelty

The International (2) Inventive Step
Patent System (3) Industrial Applicability
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Introduction to POSTCONNEX and XSHEAR
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Introduction to POSTCONNEX and XSHEAR

e Timeline

o
Timeline ’1«0

v
©
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May 26-26, 2023, Phubet, THALAND

: -__T: % e imnliseinni afel 20 The 28% National Convention on Chil Engineering

Tl 26-26 wawernai 2566 3.0

winlasaniragunssanen }

The study of the behavior and punching shear strength of the joint system between
concrete slabs and hollow structural steel columns.
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Introduction to POSTCONNEX and XSHEAR
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Introduction to POSTCONNEX and XSHEAR
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Study and Research for POSTCONNEX and XSHEAR

Validation
Testing

FEA modeling process
1 Material Properties

2 Geometrics

3 Assembly

4 Constrain

5 Boundary condition

6 Meshing

7 Solve

Punching shear Punching shear
test result FEA result

Optimizing FEA

mmmmmmmmmmmm

Validation

testing l,UE,E \ ’
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Study and Research for POSTCONNEX and XSHEAR

AUDTUCUUIASYIU ACI 318-19

»»

Oheaded = 355 MPa
ase SS400)

Ochecker plate = 24

F headed — FXSHEAR

— *
Oheaded * Aneaded = OXSHEAR® AXSHEAR

_ * - -
Oheaded * Aneaded = Oxsuear 1 (thickness * width) xsypar

Remark:

n = number XSHEAR
Thickness = A WHUN (mm)
Width = HUn319 (mm)

isuoma ek SYNTERRA

West Coast Engeeriag Co. td.




Study and Research for POSTCONNEX and XSHEAR

e Testing Condition

AT 1 ﬁﬁﬂaxtﬁaﬂﬁ":aﬂﬂmﬁaauqmm'mwduusiuﬁuﬂaufﬁmu.azmeﬁniﬁiaa%'ﬂagwﬁm
Column Concrete Slab Punching Cap Plate Bolt Size Ancle Plate Horizontal Plate Stiff. To Top Column
No 55400 WixH Thk Xshear W Thk Grade A190 SHff. Thk. Thk WD Weld L Leg Size Define
m X m m X m m mm mm mim mm mm mim X rmim mm mm
2023-Nol | 0.15%0.15 1.50x1.50 0.18 WUU 50 320 16 HY370 M18 16 16 120580 120 6 Ex1-1and Ex1-2 50 mm tab
2023-No2 | 0.15x0.15 1.50x1.50 0.18 wuu 25 320 16 HY370 M18 16 16 120x80 120 6 Ex2-1and Ex2-2 25 mm tab
2023-No3 | 0.15x0.15 1.50%1.50 0.18 320 16 HY370 Ex3-1

Setup 3 conditions
5 cD28gIvNIshadou

»»

Ex 1-1 and Ex1-2
Ex2-1 and Ex2-2

douus:=nou
POSTCONNEX

Ex3-1

Vv Vv V] @

West Coast Engrering Co.ltd. _SPM J e — ssiauLonetec  SYNTERRA
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1I1oNn comparison

Lab Test
e Condi

studs on a peripheral line

Interior column

a

iR iy
INNI . - I.
1

inmrmmd-um

Bl N 18 N N

|-

0O CInEan
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iof 10 | Halli@gy | Iiid
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Ex3-1
1sample

=

Ex2-1 and Ex2
2 samples

-2

Ex1-1 and Ex1
2 samples
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Lab Testing for POSTCONNEX and XSHEAR

 Testing conditions

Ex2-1and Ex2-2

West Ceast Enginearing Co, 1.
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Lab Testing for POSTCONNEX and XSHEAR

* Testing samples

»»

West Caast Engresring Co, 1.
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Lab Testing for POSTCONNEX and XSHEAR

* Test setup

»»

"“1‘!;01-.-,

Spherical Nut

Steel Plate

Rectangular
Steel Tube

Load Cell Steel Plate

Threaded High
Strength Steel Bar™\ ¢

Wide Flange
Steel Plate

AAMIIIIIHINITIRITINAAEAT ANTARNAIRRRARRRRANNNNNNNNNY
AT T "y

Spherical Nut

Strong Floor

West Caast Engreariag Coltd. _SPM | —

\¢

SSI BUILDING TECH

SYNTERRA



Lab Testing for POSTCONNEX and XSHEAR

* Test setup

=
41555008 4

N L)
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Lab Testing for POSTCONNEX and XSHEAR

 Result (Ex 1-1ua: Ex 1-2) rest Case | VX0

(kN)
XSHEAR tab width = 50 mm 2023-Nol-1
2023-No1-2
700
Tests 611.5 kN 2023-[\]02-1 60639
600 e TN
Mx load diff : 21% | = o= 2023-No2-2 586.23
Cal483.6 kN |,°° RN
500 TTT T T T T /'I___________________'\._\'\_:: _____________________
’:,_,,-,:»' e . 2023-No3 487.23
2 a0 e EX12
300
200
100 f';‘;
0 L
0 2 4 6 8 10 12 14 16 18 20

Displacement - mm

.

SYNTERRA

s ooy [ SPM ) ss1GROUP




Lab Testing for POSTCONNEX and XSHEAR

* Result (Ex 2-1ua: Ex 2-2)

Max Load
Test Case
(kN)
XSHEAR tab width =25 mm 2023-No1-1 611.53
700 2023-No1-2 619.56
Tests 606.5 kN
600 SN 2023-No2-1
500 Max load diff : 20% ’\I_:;’,"’ : \\\'\‘\_\' 2023-No2-2
| Cal4838kN__ wi N limeel R
S0 | S T X7y 2023-No3 487.23
= i el > =
o© .
3 300 s
200 | 4
100
0
0 2 4 6 8 10 12 14 16 18 20

Displacement - mm

»»N @ SI




Lab Testing for POSTCONNEX and XSHEAR

 Result (Ex 3-1)

No XSHEAR

Tests 487 kN

-\
Max load .7 - \
diff : 15.6% \ Cal 411 kN
%

400 y \
4
. \
Z \
* \
- 300 \
©
9 \
\
’ \
200 | \
\ EX3.1
\ @@ e e == -
100
0
0 2 4 6 8 10 12 14
)) Dis - mm

16

Max Load
Test Case
(kN)
2023-No1-1 611.53
2023-No1-2 619.56
2023-No2-1 606.39
2023-No2-2 586.23
2023-No3 487.23




Lab Testing for POSTCONNEX and XSHEAR

* Concrete compressive strength test results

35

30 +
25 +
o
b..
s 204
2
1)
c
0 15 +
n
0
2
o
g 10 —e&— Specimemt-1
O
—&— Specimemt-2
5T —o— Specimemt-3
0
0.000

Compression Strain, ec

Compression tests

»»
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Lab Testing for POSTCONNEX and XSHEAR

700 Comparison punching shear tests

»»

600 erTEER
T2 IR LN
’j,f;//.o \_\:.\‘\\
Rv 34 = ~
R N S
500 oy TN
_./.4",—"\ X, KN
’rg;;, N N \"~
et \ RN S S T T m = mm e~ .
) ?"z" \ N Tt ~al Tt eee T OITC
o N . ~
> 400 L \ TPV PO
2 . ‘f;\-, \\ R P T
' > \
u ‘;4 \
© 7 \
o 300
— 3
!
’
‘r',.ef - EX]‘]
270.¥
200 | E Ex1-2
F4

100

T
3

Ex2-1
Ex2-2
Ex3-1

10

12

Displacement - mm.

14

16

WestCosst Enghering Co Lt
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Lab Testing for POSTCONNEX and XSHEAR

SAsS1:KHan1snadasu

« msi8 XSHEAR awisaldlasuusotwaloviaumsiiausvtdaun:ald iawssuiisunums
AUDEUD VDY ACI 318-19 NUs:UeuMSD

 (Mogwnadou EX 3-1misludaunsadéialautaiua: XSHEAR mMiKn1sAiuniuusvidaun:zac
nNJ1INseU EX 1ua: EX 2 vl XSHEAR N@dalunischuniuusvldsun:a

« AMSSULSVLIDUN:zAUDY XSHEAR uaund1vo 50 mm. dmavsuusolnalAgviiu XSHEAR uau
N1 25 mm. (WUAKUNAQUDVIHANLASUSULSVLODUN:AHSD punching shear tN1a fu)

* Ao 5 (MdE WOANSSUNISSULLSY 3 ¥2v ¥avN 1load A O - 140 kN (Folltiia micro crack) /
¥ovN 2 load A 140 kN - Mavgvda (1Aa micro crack) wa: ¥2vA 3 load acavvINMaAVIoda
(tAa large crack)

»»

N\
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Finite Element Modeling

FEA modeling process
1 Material Properties

2 Geometrics

3 Assembly

4 Constrain

5 Boundary condition
6 Meshing

7 Solve

Punching shear Punching shear
test result FEA result

Optimizing FEA

Validation B ] Ll ——— RSOt L [k ]

Testing
Validation

testing I,I,I'I:E \ ’

- S$SI BUILDING TECH SYNTERRA




Material

Assembly

L

1 Concrete Concrete

2 | Top Column SS400

3 | Bottom Column | Rigid Body
4 XSHEAR SS400

5 Angle Plate HY370

6 | Column Plate HY370

7 | Rebar SD40T

8 | Support Rigid Body
9 | Bolt Grade 10.9

»»

Steel : SS400 / HY370 / SD40T/ Grade 10.9
Concrete : C25

N v @

West Caast Engrearing Co. ltd. _SPM oo ssisuomaecr  SYNTERRA




Finite Element Modeling

Material Mechanical Properties (steel) Diffuse Necking
begins
- - = ensile \lf
Elastic-Plastic Behavior oo € 2
§ ocal
- Nljecking
e SS400 /
° HY370 Yield . i i FT 4
Strength . T
.+ SD40T ) 1
* Boltgrade 109 g _ Y | W I
h g Slope = ‘e
0= Modulus of
55 Elasticity <M N N n.
Q7
L%n / F Fl } Fi Fl !
Engineering Uniform Elongation Total Elongation at Fracture
Strain (%) deformation from beginning of deformation from beginning of
forming through necking forming through splitting

Ref: https://ahssinsights.org/forming/mechanical-properties/uniform-elongation/

Tensile testing

»»

SYNTERRA
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Finite Element Modeling

Material Mechanical Properties (steel)

True Stress and Engineering Stress

P P A ¢
= =—2e

A (ALY 4 1
I
= ﬂ|' ;ﬂ.,._ur| |l+j“Iir =o,(l+e¢)
. : b
5 i , 0

True Strain and Engineering Strain

f , + Al

= In(l + ¢

g=In—=In
[

0 0

»»

True or
Engineering
Stress

O (MPa)

Never decreases because

material only gets stroni

Necking Begins

True

Decreases because
the sample gets weaker

77

Engineering

S (0/0) True or Engineering Strain




Finite Element Modeling

Material Mechanical Properties (steel) Unloading and Reloading

—

Elastic-Plastic Behavior

Plastic Strain P =g —¢¢ =¢—

ty | Q

Isotropic Hardening in ABAQUS

140

120 4

100 4

=)
=)
1

plastic strain  elastic strain
(permanent] (recovered)

True stress (MPa)
=
=

L
=
I

000 005 010 015 020 025 030 035
)) )) Effective plastic strain

v @

siauLomeTecH  SYNTERRA




Finite Element Modeling

Material Mechanical Properties (steel)

Rebar SD 40T Steel Plate SS400 Plate HY370

1000 700 800

900 500 700

800

700 500 %0
= = © 500
& 600 o o
< S 400 =
2 500 2 & 400
£ 400 £ %0 g
9] n & 300

300 200 | ——

i . 200 Test Specimen
200 —O— Test Specimen —— Test Specimen /
. 100
100 —o—True Stress-Strain ——True Stress-Strain 100 —— True Stress-Strain
0 0 0
0 0.1 0.2 . 0.3 0.4 0.5 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
Strain (mm/mm) Strain (mm/mm) Strain (mm/mm)

\¢

ER) |[sceow ssisuLonatecr  SYNTERRA
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Finite Element Modeling

Mechanical properties : Bolt gradel0.9

Bolt 10.9
Table A.37: Density and Elastic for bolt 10.9
Density: | 7.8e-006 2000
Elastic: _ _ 1800 O A G EC
Young's modulus Poisson's ratio { Avg: T jﬂ,,-h}
210000 03 1600 +9.917e-01
+9 001e-01
Table A.38: Plastic for boit 10.9 1400 +B.25"1E- D 1
= +7.438a-01
Yield Stress Plastic strain o 1200 +h611e-01
830.7 0 = +5. 7801
854.8 0.0029 %, 1000 +4.958e-01
876.4 0.0071 o +4.13de-01
: : ) +3.306e-01
900.7 0.016 £ 800 15 47%9e-01
i 6 00206 ? 00 MR
032 0.0378 400 +0.0006+00
971.2 0.0789
1017.7 0.1257
1076.3 0.1816 200
1169.7 0.2649 0 a} M16
et oL 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
1358.7 0.4147 Strain (mm/mm) Ref: :Alkyoni Sarri (2019) _The Delft University of Technology
13721 0.4245
1467.8 0.4919
1582.7 0.5673
17205 0.6508
1885.9 0.7426

»»

v VvV @
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Finite Element Modeling

Material Mechanical Properties (concrete)

| Characteristic values of concrete cylinder compressive strength |

Design value of
concrete cylinder

Tangent modulus of elasticity l

{ Strain at maximum stress l
]

compressive strength f 1
CM. [T T e i e T T e NG e R 5 |
| | = A
fao e Bd -~ LN .,____./'{ Strain softening |
] ]
s l |
fea =057 fep |-———- 1 - IR V- -i
1
1 )
0.4fc e _i
{ i
1
| i
Tension (+€) i E Compression (-€)
Ec1 Ecu

Tensile failure /

(brittle if unreinforced)

Secant modulus of elasticity |

Ref: 1. https://www.si-eng.org/post/a-step-by-step-anatomy-of-concrete-stress-strain-curve-2. A

2. MATERIAL MODEL FOR FLEXURAL CRACK SIMULATION IN REINFORCED CONCRETE ELEMENTS USING ABAQUS

by WAHALATHANTRI_20T11

»»

o |77 Tensile
=} 1
g 0.77aq -|- - 1
L n
2 ¥
i
I
= i
0.45G4 ——:—: ————————
[N
[
0.10c,, “f—- et i
D ea 1258,  deg 8.76,
Avcraged Tensile Strain, &,
A Compression
&
% 0.50,
=
[#2]
030, Fr—flt-=——-f=mmm e — === ==
g, _ ey
Strain, €,

N\

SSI

West Coast Engneariag Co,ltd. $SI BUILDING TECH
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Finite Element Modeling

Ultimate compressive stress / Ultimate compressive strain

sion Stres

Compres

35
30 +
..................................................................... ..
 (0.0019.28.3)
25 i
20 + :
15 + i
10 + —O—Specilénemt 1
—O—Specir;‘nemt 2
5T —Q—Specirénemt 3
0 Ly
0.000 0.001 0.002

Avg. compression stress (max) = 28.2 MPa

0.003

Compression tests

Ref: H. M. Afefy 2017

»»
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Finite Element Modeling

. Parameter request list for input material model
@ |-- Tensile model
<3 I
w 0.770y - L - . . .
3 " Description Equation/Symbol Unit Value REF (Determine Value)
v 1
w [ .
’g v Elastic Modulus EO MPa 27330 CEB-Fib Bulletin 65
&= g : : : ) )
0450, 1f--rH-==-==-~ Poisson’s Ratio v - 0.2 CEB-Fib Bulletin 65
[
0.106, -ff -- 'r':- —————————————————————— Maximum Tensile Stress ot0 MPa 222 CEB-Fib Bulletin 65
= 1'ifr:?aged4;§;sﬂe Strain, , ST Critical Tensile Strain ecr % 0.15% CEB-Fib Bulletin 65
Ultimate Compressive Strength ocu MPa 282 Compression tests
_______ Compression model €0 - 0.20% Compression tests
Parameter B=1/(1-(ocu/(e0*EOD))) 210 Equation
DU
% 0.56,,
&
030, F-ff4----—f———===——————————
S Strain, &, Ed Ref: 1. A MATERIAL MODEL FOR FLEXURAL CRACK SIMULATION IN REINFORCED CONCRETE ELEMENTS USING ABAQUS

by WAHALATHANTRI_20T11

)) )) 2. CEB -FIB Bulletin 65 Volume 1/ Model Code 2010

Vv Vv V] @

ELR)  [ssicrowr ssisuioncecr  SYNTERRA
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Finite Element Modeling

35 T

30 T

= N N
[6)] o ()}
|
T
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S, Mises

(Avg: 75%)
+6.784e+00
+6.219e+00
+5.655e+00
+5.091e+00
+4.527e+00
+3.963e+00
+3.399e+00
+2.834e+00
+2.270e+00
+1.706e+00
+1.142e+00
+5.777e-01
+1.354e-02
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Finite Element Modeling

Summary of concrete material properties

Concrete tension behavior

25 Concrete compression behavior Parameter
, 30
B 20 © 55
@ tension behavior ﬁ Young's modulus 27,330 MPa
v 1.5 5 20 Comp. Behavior
— wm
9 10 g 15 Poisson'’s ration 0.2
a g 10
= 05 é 5 Dilation Angle 35°
0.0 8 o ..
0.000 0.005 0.010 0.015 000 001 002 003 004 005 006 Eccentricity 0.1
Strain, €t Strain, ec
FbO/fcO 116
. . K 2/3
Concrete tension damage Concrete compression damage
5 10 , 10 Viscosity 0.0001
S 08 T og
© o
£ 06 T 06
© E
S 04 § 0.4
gj 02 tension damange go - comp damange
© &
< 00 S 00
0.000 0.005 0.010 0.015 000 001 002 003 004 005 0.6
Strain, €t Strain, ec \’ \‘ \’
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Finite Element Modeling

shell element

Component Parts

shell element solid element
rigid body rigid body

Solid element

support Bottom column XSHEAR

IJine element line element

Solid element

Rebar axis Y Rebar axis X

POSTCONNEX

Concrete
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Finite Element Modeling

* FEA condition

Aot 1 Tauduefat mAsRUIA ARSI UARUR AR MARTAS NGNS
Column Concrete Slab Punching Cap Plate Bolt Size | Angle Plate Horizontal Plate 5tiff. To Top Column
No 55400 WxH Thk Kshear W Thk Grade A190 Stiff. Thi. Thk WxD Weld L Leg Size
mxm mxim m mm mm mm mm mm mm X mm mrm mm
2023Nol | 015015 | 150x.50 | 018 | w50 | 320 | 16 HY370 M18 16 16 12080 120 6
025No2 | 015015 | 150x.50 | 018 | w25 | 320 | 16 HY370 M18 16 16 12080 120 6
2023No3 | 015015 | 150x.50 | 0.8 3 | 16 HY370 . -
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Finite Element Modeling

FEA modeling process

e Geometrics

Condition 3

Condition1  _ Condition 2

< £ . 9 Ji
4 - Thickness 4 mm -
' - Width 25 mm |
e ’ R
P

- Thickness 4 mm
- Width 50 mm
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Finite Element Modeling

FEA modeling process
Case 1: Ex1-1, Ex1-2




Finite Element Modeling

FEA modeling process
Case 2: Ex2-1, Ex2-2




te Element Modeling

F

FEA Modeling Process

Case 3: Ex3-1
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Finite Element Modeling

FEA Modeling Process

* Interaction and Constraint

Interaction
surface to surface

Interaction
surface to node

)) )) Ref : Paper J.L. Yu_2018 (friction coefficient 0.3)

Constraint
embedded

Constraint
embedded

Constraint
embedded

Constraint
embedded
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Finite Element Modeling

FEA modeling process

* Boundary condition
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Analysis and Comparison of FEA Results

Simulation: 3 condition results

Condition 1 Condition 2 Condition 3
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Analysis and Comparison of FEA Results

Condition 1 (XSHEAR tab width 50 mm)

U, U2

+1.777e+01

+1.603e+01

+1.429e401

+1.255e+01

+1.081e+01

+9.066e+00

+7.325e+00

+5.584e400

+3.844e+00

+2.103e+00

+3.622e-01 -

15782400 Displacement 5x

-3.119e400

DAMAGET
(Avg: 75%)
+9.000e-01
+8.250e-01
+7.500e-01
+6.750e-01
+6.000e-01
+5.250e-01
+4.500e-01
+3.750e-01
+3.000e-01
+2.250e-01
+1.500e-01
+7.500e-02
+0.000e+00
At Max load

Displacement x5
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Analysis and Comparison of FEA Results

Condition 1 (XSHEAR tab width 50 mm)

»»

Load - kN

XSHEAR tab width 50 mm
FEA vs. Testing comparison

700

600 Max load
diff : 21%

500

400

300

200

Hand Cal

Mdavguaadinnisnaasu
fiavavaadn FEA

5 10
Displacement - mm

Max load diff : 3%

FEA

P T T —— X

15

20
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Analysis and Comparison of FEA Results

Condition 2 (XSHEAR tab width 25 mm)

XSHEAR tab width 25 mm
FEA vs. Testing comparison
700
600 Max load diff: 1%
Max load
500 diff: 20%
e w4 ____HandCal ___ >~ ..
4836kN s T —-EX 2-2
400 22 e EX2-1_.___.

300

Load - kN

200
fMavgodaadnnisnaaau 606 kN
100 favgoaadn FEA 599 kN
0
0 5 10 15 20
Dis - mm

N v @
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Analysis and Comparison of FEA Results

Condition 3 (No XSHEAR)

No XSHEAR and angle stiffener

600 FEA vs. Testing comparison
H <10
500 Max load diff : 1%
_____________________________ HandCal _____________________.
419.6 kN
400 Max load
= diff : 14%
-~
< 300
©
S
200
100 fdavguaadinnisnaasu 487 kN
fMdavguaadn FEA 485 kN
0
0 5 10 15 20

Displacement - mm
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Analysis and Comparison of FEA Results

 Comparison result 31AS1:HHANISNOadU
= condition 1ua: condition 2 {RWan1s
FEA comparison simulation max load AlnalAgonu lag
700 condition 2 IRAAUDININWEVLANUDY

d=Nouuudliyuov simulation Adiuisa
NUNgWanIsnadousvlangiouuugn

600 FEA condition 1

500 |[cal483.6kN diti
Cal B2k fcondiBop gl 2T TN Lo TSN EA condition 2

------------------------------------- = simulation uaavAl max load Alavinnv 3
condition UAWIAALAgVAUNANISNQdDU
FEA condition 3 dSVADUUIVLUNN (< 5%)

Load - kN

Recheck
0 =  DIUOU condition UNUINILUUDIADVIWIVWDIKU

0 5 10 15 20

Displacement - mm = PJuldlunuvudaovlyu
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POSTCONNEX Lab Test in 2021

)

-

]

0

D -

N g > o
Timeline ° ’LO’L ’LO’L 2 L
® @ @ o ]

N1snaaou Punching shear &KSU POSTCONNEX

PostConnex

Shear stud rail

Rebar dia 16mm.

Concrete
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Analysis and Comparison of FEA Results

Parameter request list for concrete properties

Description Equation/Symbol Unit Value REF (Determine Value)
Elastic Modulus = MPa 27582 Fib Bullet 65
Poisson's Ratio v - 0.2 Fib Bullet 65
Maximum Tensile Stress e MPa 227 Fib Bullet 65
L) 0y H
Critical Tensile Strain eer L R AlpEullear
Ultimate Compressive ocu MPa 2874 Compression tests
Strength
€0 = 0.20% Paper: 2019Ali Naji Attiya
Ultimate Compressive Strain
B=1/(1-(ocu/(e0*E0))) 212 Equation

Parameter

v @
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Analysis and Comparison of FEA Results

 Comparison result (headed stud) DAMAGET
(Avg: 75%)
+9.000e-01
+8.250e-01
800 +7.500e-01
i +6.750e-01
_ Max load diff : 1% 16000001
R— +5.250e-01
700 - <. —FEA +4.500e-01
N HrEe
+3.000e-
600 Yoo +2.250e-01
~~__ +1.500e-01
-~ +7.500e-02
500 _ +0.000e+00
2 Experiment
=%
- 400
©
o
-
300
200
100
/
0 4
0 5 10 15 20 25 30

Dis -mm

* f1 max load gogansula uav simulation AUNanIsnaddV TALAAGIVAULWEY 1%
* A1 stiffness HSD AJWHUUaVNSIW DA IHOAGIVAU LUDVIINATS slip udvnIsIaAlu
s:H31v{unaisnaasu

At Max load

»»N W v V] @
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Prediction Extrapolation using FEA

Optimization of POSTCONNEX Different Details

= A1 max load gogansula vov simulation (naAgvAulwaav3110tu punching shear control
= Case D IRulagalou 31 Stiffness uovyacidudouInluydeiSov Msaa defection KSansUBU

600

Case A 500

400

Load -kN

22 300

CaseB

200

100

?
3
Bhbrisssasiis
BEELSEEEFELED 3
Srinosbosae 30
888EIALIZARAR £
79880908q
gopcREcasace
-

%
i
3!

C

0 2 4 6 8 10
Displacement - mm

case D

case B case C

case A

3
A A e
Bhonaniiasiel o
goguBanugagEg <
§500000250500
X

CaseD
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Prediction Extrapolation using FEA

Optimization of XSHEAR Re-arrangement

Condition 2 (XSHEAR tab width 25 mm) Case E: Re-Arrangement of XSHEAR

»»




Prediction Extrapolation using FEA

Optimization of XSHEAR Re-arrangement

800
700
o A
" : “ T +10%
Case E: Re-Arrangement XSHEAR  Condition 2 (XSHEAR tab width 25 mm) €00 /o ~
VA IR N\
et oo v T Condition 2
\
; a
+/7. e
: ‘ :
-250e- 400
e 3 / N
+3.000e-01 o ’ \
+2.250e-01 - /
+1.500e:01 \
1h:500e+50 300 /' ~ CaseE
~
[ ~~
i .
200
il
100 ’
o |
0 5 10 15 20 25 30

Displacement - mm

» 2 v vV V] @
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Prediction Extrapolation using FEA

Optimization of XSHEAR Quantity

« Case F: XSHEAR AWKULAILAU (4 mm) WGtwuIudusu XSHEAR 10u 2 i uov Case E

Case E: Re-Arrangement XSHEAR Case F: LWUSUDU XSHEAR 2 1rih

»»
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Prediction Extrapolation using FEA

Optimization of XSHEAR Quantity

« Case F: XSHEAR AWKULAILAU (4 mm) WGtwuIudusu XSHEAR 10u 2 trin uov Case E

800
700 “~ N\
///\\\ N +17%
Case E: Re-Arrangement XSHEAR Case F: IWU91UDU XSHEAR 2 1i 600 S RN ~\
4/ “V\X§§‘\— o
- : ~-~ Condition 2
500 //' \
DAMAGET / \
(&vg: 75%) 2 / N\
+9.000e-01 x‘ % \\\
172006001 g 400 //,’ \\\
+6.750e-01 o /// \\
+6.000e-01 - Vil \\
15230001 / RS
. 7 NS
géé%% 300 | / \\\\ CaseF
+2.250e-
——-
+0. e | -
200
CaseE
100

0 5 10 15 20 25 30
Displacement - mm
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Prediction Extrapolation by FEA

Optimization of XSHEAR Thickness

« Case G: a0ADIWHUN XSHEAR (1Had 2 mm) llleUﬁ'\UDUﬁU XSHEAR 0u 2 ri1 udv Case E

Case F: XSHEAR 4 mm LWU31Uudu XSHEAR 2 1 CASE G: XSHEAR 2 mm WU31IUSU XSHEAR 2 1i1

»
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Prediction Extrapolation using FEA

Optimization of XSHEAR Thickness

« Case G: a0ADIWHUN XSHEAR (1Had 2 mm) llleUﬁ'\UDUl_‘i-U XSHEAR 0U 2 tri1 udv Case E
800

Case F: XSHEAR thickness 4 mm CASE G: XSHEAR thickness 2 mm 700
LWUIIUDU XSHEAR 2 th IWUDIUDU XSHEAR 2 1M

DAMAGET
(Avg: 75%)

600

+9,000e-01
+8.250e-01
+7.500e-01

500

400

+0.000e+00

Load - kN

300

200

100

0

0 5 10 15 20
Displacement - mm

»»
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Prediction Extrapolation using FEA

CaseE Comparison
XSHEAR thickness 4 mm 800
24 Pcs >>16 kg

700

‘ 600

CaseF 500
XSHEAR thickness 4 mm
48 Pcs >> 32kg

400

Load - kN

300

. 200

CASE G 100
XSHEAR thickness 2 mm .
48 Pcs >> 16 kg 0 5 10 15 20
R i) .
Thickness 4 mm Thickness 2 mm Displacement - mm
Width 25 mm Width 25 mm
0.667 kg/ pc 0.334 kg/ pc

»»
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Prediction Extrapolation using FEA

Conclusion

"= Most Optimum POSTCONNEX Detail: Case D

= Most Optimum XSHEAR Quantity: Case F

" Most Optimum XSHEAR Thickness + Weight: Case G
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Value Proposition of POSTCONNEX - ROI

 POSTCONNEX unmuUaaoﬂaZumstu\nu mumswaaumnmsnoaau
(uKDVUAUGNS Ua ZHamsmamauununaomnwunluaaamwuuu

RC Column (4 m long) POSTCONNEX (HY370 - 4m long) Space Gain | Salable Rate | Salable Gain | Net Profit
B (mm) | D (mm) | A.(m?) | Cost (B) | B (mm)| D (mm)| t(mm) | A.(m?) | Cost(B) | P, (Ton) (m?) (B/m?) (B/column) | (B/column)

300 300 | 0.090 | 2,520 175 175 6 0.0041 8,915 69 0.0594 120,000 7125 730

350 350 0.123 3,430 200 200 6 0.0047 | 10,234 84 0.0825 120,000 9,900 3,096
400 400 0.160 4480 250 250 6 0.0059 | 12,871 105 0.0975 120,000 11,700 3,309
450 i10) 0.203 | 5,670 300 300 6 0.0071 | 15,509 13 0.1125 120,000 13,500 3,661
500 500 0.250 | 7,000 300 300 9 0.0105 | 23,026 212 0.1600 120,000 19,200 3,174
550 550 0303 | 8,470 300 300 12 0.0138 | 30,385 280 0.2125 120,000 25,500 3,585

Assume: auuasimMviuAUNSA (3aq+ATLsv) 7,000 baht /m? ua:simviulasoasiotian (3aq+Aiusv) 70 baht/kg (2,000 USD/Ton)

) - v @ WCE
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Value Proposition of POSTCONNEX - ROI

 POSTCONNEX unmuUaaonaZumsZumu mumswaaumnmsnoaau
(uKDVUAUGNS Ua ZHamsmamauununaomnwunlvaaamwuuu

Assume: (3 HSS 250x250x6 naunu 400x400 RC columns
* 20 Columns per floor [G13uNdUNS 66,000 UINCDHU

= 7 floors [OUndUans 462,000 un YT —— oy T
= JoLaNiIDUDULINGVDIOUNDULED:UIN B (mm)] t(mm) | Cost(8) [P, (Ton) | (8/column)

250 6 12,871 105 3,309

Very Conservative

Assume: auuasimMviuAUNSA (3aq+ATLsv) 7,000 baht /m? uajsimviulasoasiotian (3aq+Aiusv) 70 baht/kg (2,000 USD/Ton)

>

West Coast Engineering Co.,Ltd.




Value Proposition of POSTCONNEX - Proven Behavior

« POSTCONNEX nlaonns
nadouluKovUijuanisiiwan
doanaovnu Critical Shear
Crack Theory (CSCT) aaunis
AUdDfULal RC Column Una

* More in-depth behavioral
investigation was AT T . . .. .
conducted to observe r—
different details of Themechanical modelofthe Critical Shear dBERTREory (CSCT) has
POSTCONNEX and XSHEAR | oiiom such ot punching of siab.cotumn connections with and

without transverse reinforcement.

With shear headed studs

ACI 318

Applied Load (kN)

CSCT

Ref: Muttoni et. al.

. [
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Value Proposition of POSTCONNEX - Strengthening

* POSTCONNEX
auisanson
ADUANSAlUNYHAY
LWDLasSuNav
158121 CFT column,
GoudglRLan udvusy
Ju ua:Aonun2suu

Ref: Gakuen Spiral Towers:
L ETLAVERSETET)

d—_] unu ﬂ-].s Uou Z:Eﬂ?;/e/cr?u{renlodernmet.com/modern—
ASzllNA LWUAJUSsau:

AMsawununansau

ll a 5 ﬂ_] S n u-[w https://infrastructure.eng.unimelb.edu.au/scs/researc

h/concrete-filled-steel-tubular-cfst-columns

West Coast Engineering Co.,Ltd.




Value Proposition of POSTCONNEX - Green

* udALKUDYNNNSIBLan prefabricated HSS § refwwwiBacop
v:(@arlumsnoasivnau (Busvviuuny Y Ny,
Icmfumwno la: amswwamauunumsaonu
Adv POSTCONNEX SuWaQ1NLHANEY
a1u1snu1u1slmnalononuo 100% diotdu
GREEN materials NYDYaAQWaANS=NUCID
JuudQdou aa GREEN House Gas (GHG)
dvwWacio GREEN construction, GREEN
buildings ua: GREEN society.

>
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Be friend with us via...

LINE ID WeLoveSteelConstruction: @060tlizi i SAVI NG

11 MILLION TONS
OF CARBON
ANNUALLY

https://www.facebook.com/WeLoveSteelConstruction

VAVAVAVAVAVAé

https://www.youtube.com/c/WelLoveSteelConstruction

https://construction-forum.ssi-steel.com/

i0S: https://apps.apple.com/th/app/ssi-steel-design/id1474838160
Android:
https://play.google.com/store/apps/details?id=com.ssibdt.ssisteeldesign&hl=en&gl=US

v @ WLCE
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