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General

#WelLoveSteelConstruction

* uudsNmuNISooNUUU HSo Design guide lag AISC Gou
edition A 2 AWCUUND1IA Tst edition U 2006 lasrslU Base
plate {Sikan standard grade ASTM A36 LiiguLrin SS400
gnLdUd: anmsammsoauloowtunaomam Aawsalsla
adu anchor rod awmsﬂiumaﬂmsom{u lagtuds:inAlng
waaﬂuuummsmaanIoHamHaw N SS400 KSP1(B
IKantasatfiguinii SD40 (Fy = 4,000 ksc) tluadu

Table 2-2. Recommended Anchor Rod Materials

Nominal Shear

Nominal Shear

Tensile Nominal Tensile Stress Stress
Strength, Stress, (N-Type), 2} [ (X-Type), 2k P Maximum
Fu, Fn:=0. 75Fu Fny=0. 450Fu Fny=0. 563Fu Diameter,

in.

A449 105 T
90 67.5 40.5 50.7
——
A354 Gr. BD 150 113 67.5 84.5 4

Bl Nominal stress on unthreaded body area of threaded part (gross area)
Pl Threads excluded from shear plane

I Threads included in shear plane

1l Preferred material specification
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Ref: AISC Design Guide 1, “
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General

#WelLoveSteelConstruction

« yu1a diameter yov anchor rod AaVAUWUSAU uuNaUDYSION:IU base plate lagiWalRawnsadadvldlaosvie Adsiaow
st:vualHnin31W1aST U HSD oversized hole ((Hrynd>1wuna diameter Uov anchor Us:u1gu 5-6 mm) wa:AdsLasgy
uHousav (washer) (Hiuu1QUa:AUKUINIHUI:GUAUUUNIQUDVSID: La:nin1stuntiu (Ju torque) NHUI0IU

Table 2.3. Recommended Sizes for Anchor Rod Holes in Base Plates
Anchor Rod Hole Min. Washer Min. Washer
Diameter, in. Diameter, in. Dimension, in. Thickness, in.
3 1% 2 Va
73 1% 2V Y6
1 1% 3 %
1% 2V 3 V2
1% 2% 3% Vo
1% 2% 4 8
2 3Va 5 %4
2V2 3 52 7
Notes: 1. Circular or square washers meeting the size shown are acceptable.
2. Adequate clearance must be provided for the washer size selected.
3. See discussion below regarding the use of alternate 1%e-in. hole size for %-in.-diameter anchor rods, with plates less than 1% in. thick.

Ref: AISC Design Guide 1, “Base Plate and Anchor Rod Design,” 2"d edition Ref: www.shutterstock.com



Mechanism -1

#WelLoveSteelConstruction

* 1d@WHAanN SS400 F, = 4,000 ksc anluii
base plate U1spVSU lag>vlaHaN
uuaauonaunsalagaso f.' = 400 ksc
ADUANSAAEDUD:LAONISIUCA

« ASLWU contact area A28M1saady
base plate LUun1s aaAiAMUIAUDQ
(stress = P/A) AitAaAUADUNSOCDUD

* N contact area S:HJ1v base plate AU
ODUDADUNSA V:1AQ uniform contact
pressure Uu

- KInwanlanaadv base plate 180° A
v:ianueu:zladou Llanda cap plate N
iJ uniform contact pressure ns=M

fritetiiing

JesrreLLy




Mechanism -2

#WelLoveSteelConstruction

. ASULNIYUUIQADUD D:¥d8aQANULAUDARALAQ
JuAUQDLD LWS1zawIsans=v19usvladyu N ,‘ 133333333 l,
wunsuusvniduulalsaddu

¢ MsWIstU WumMs “tWUmMdvsuusvdaliau
QouoAdunsSaniduunaliadndivula base plate”
ucilagugalijiau 2 i yavmavaanounsan
contact surface

 d1HSU base plate NMsWo1sgUN d:zLldidoudl L1AQ
uniform pressure UINS:N1N contact surface
dulu base plate SuwoiseunAdgaulduniu
€U NSU uniform load NM1sas>ddouU base plate
A0ADVASIDADUIN moment 91 uniform load P
tluthun31mMavsu moment (M) KSolU




Concrete footing check

#WelLoveSteelConstruction

* JuapuusnlumsoonUUU base plate Ao MS
auud yunandvo x 910 YoV base plate wa:uuna
N310 x 10 ypvKUNAaQ footing uootuaauo
(pier) AcioUuui1ongiusin footing

«  HanluMSWISTUIAD LaISULSVDQ AgUsSVDQd
base plate v1nUU base plate ns:D18USVDQAV
pier HSo footing

*  ANSASIDIYUSVDOIIN base plate av pier HSD
footing d:auualRns:o1gavtduyu 45 DuAT UCi:
U WunuUs:=answa N pier Ko footing Suusvoan
LWANSzD19avUIVIN base plate lUiAus:e: 2 i
YDV ADIUAIIVUA:AIILEND UDV base plate

« fA1avnAounsasula Ad 0.85 fc' lasdHSums
LWDADWLAYVQDY factor of safety 0135 ASD
(3 FS = 2.31 (mw AISC) {uutu:i resistance
factor 0"W35 LRFD {3A1 0.65 (0w ACI 318-02)

There is a limit to the beneficial effects of confinement, which is reflected by the limit on A; (to a maximum of four times A,) or
by the inequality limit. Thus, for a column base plate bearing on a footing far from edges or openings, \[Ay/A; =2.

AISC Specification Section J8 provides the nominal bearing strength, Py, as follows:
On the full area of a concrete support:

P, =0.85fA, (Spec. Eq. 18-1)

On less than the full area of a concrete support:
Py =085 A1 A2/ Ap 1.7 fA (Spec. Eq. 18-2)

These equations are multiplied by the resistance factor, ¢.. for LRFD or divided by the safety factor, €., for ASD. Section J8
stipulates the ¢, and €. factors for bearing on concrete as follows:

0. =0.65 (LR FD)

Q.=231 (ASD)|
ACI 318, Section 21.2.1, also stipulates a resistance factor of ¢ = 0.65 for bearing on concrete.
The nominal bearing strength can be converted to a nominal pressure format by dividing out the area term such that:
On the full area of a concrete support:

fp(ma.l} = 085_)? (4' | )

Ref: AISC Design Guide 1, “Base Plate and Anchor Rod Design,” 374 edition




Base plate yielding check

#WelLoveSteelConstruction

o WDLAONISNSIDILUSVDAVIN base plate av pier
HSo footing v:1AQ USVUWNS:=D18 (distributed
load) ns:NMaula base plate (nstl no moment)

*  USVUWANS:D18T v:NS:AAU base plate (d10duuu)
laglawn:Audoun base plate gluoonvinuouULan
goiljanuau:NIKUDUAU “mudu” cantilevered
beam fASu distributed load lagmuduinduend
Js:unauninus:gzoinuaulainivlale base plate

* ucilunmvunisAudU S::ADWEDU ADVWIISTUN
NV 2 AU ADNIVAIUNITY LLAzQUETD AADAVUCDY
wo1seu yield line (AUl@o1NN1S3LASI:KIBVAN
lasly energy method) tWaQ1s>daduU Aulail
srgzfunuINNga Auldu:INana (1Aa bending du
da=Nou normal stress AU base plate) NUIANFQ

. 1aldnd>1weNdR control wadinssu yielding AU
AUDEUKIADIUHUN (HEDASIDaDUAUKUN) base
plate cidlU [¢ (LRFD) = 0.9, Q (ASD) = 1.67]

The required strength of the base plate can be determined
as
2

!
My =1, [2 (LRFD)

12
My =/, [5 (ASD)

Where the critical base plate cantilever dimension, /, is the
larger of m, n, and A,

_N-095d Ao X

5 CtI—Xx
_B-08h | A )
2 @+, |9.P,
/db B 4fibf Q.P,
?Ln':ka = [(d+bf)

For the yielding limit state, the required minimum thick-
ness of the base plate can be calculated as follows (Thornton,

1990) (AISC, 2005):

2F,

tin =1 [—“— (LRFD)
OF, BN

toin =1 207, (AsD)
F,BN

Ref: AISC Design Guide 1, “Base Plate and Anchor Rod Design,” 2"d edition

f,

4

(a) Assumed Bearing Stress

(b) Assumed Bending Lines

Assumed Bending Line—, TT

N

1

S_L i

f,

(c) Base Plate Design Moment Determination

morn

4



Design Example: Column Base Plate

#WelLoveSteelConstruction

Navsuusvo 210 ksc uazognisaacv
AMAavsSuLLsvDQ 280 ksc DuA1SIDdDU

21nsU uaavsiga:ldgangiulan Gadvaguuaasnounsa AT
non-shrink grout LY lUAuldunWusovgulan (base plate) lagil
J1 base plate 1nsa SS400 :awisasuusvoalassolu

Pp;, = 60 Tons
P;; =165 Tons
6Q cm
bf = 34.8 cm
= o I o ’
‘g - A 'E 1™ }
.o b | ~
£18 < | |
S g —pie——— == |
S & 1y
5 ) =
8 E . 11 s | \
O (o) . ©O
{ | oy '
- 5
| N
B=55cm " H344 = 348

Base plate



Design Example: Column Base Plate

#WelLoveSteelConstruction

v1InsU uaavsiga:ldeangiulan dadvaguuaauanaunsa NdMdvsuusvada 210 ksc uazgnmisdadv

1a
non-shrink grout lWlUaulAurusovgiulal (base plate) lagidmavsuusvaa 280 ksc DvaSIDdDU
J1 base plate 1nsa SS400 :awisasuusvoalassolu

Step 1: AUD?U Required axial compressive strength (P

req)
Pp;, = 60 Tons
60 cm
br = 348 cm | Bireq = 1.2Pp; + 1.6P;; Paoreq = Ppr + PrL
N ""J‘ = 1.2(60) + 1.6(165) =60+ 165
T ] : = 336 Tons = 225 Tons
© 9 ' l o ! _ 3 _ 3
2 - . gy Breq =336 X 10° Kg. Pyreq = 225X 10° Kg.
E | ® S 'S
sle —-1T——F——H—3|#]
Ne) § " [ 1
2 oy e | B E 6
8 o) | \‘\ o :
- S
I N
B=55cm “— H344 = 348

Base plate



Design Example: Column Base Plate

#WelLoveSteelConstruction

Navsuusvo 210 ksc uazognisaacv
AMavsuusvoa 280 ksc 2u0Q1SIdddU

21nsU uaavsiga:ldgangiulan Gadvaguuaasnounsa AT
non-shrink grout LY lUAuldunWusovgulan (base plate) lagil
J1 base plate 1nsa SS400 :awisasuusvoalassolu

Step 2: 1SI032UUUNIQAUDVWURADLD (A, ) DA required-

Pp, = 60 Tons concrete pedestal area (A, .quireq) HSDIU
P;; =165 Tons
o LRFD A
b =St tem A __ B A _ Ocfa
3 | J 2red) ¢ _0.85f; 2(rea) ~ 0 85 £/
® © ] l o ! ite P, =336 x 10° Kg. le P, =225 x 10% Kg.
: 3 ; =T & § = fi =210 ksc f! =210 ksc :
= § Rl | b d L 8 :;g, @. = 0.65 Q, =231
-— o
Ml = 2 336 x 10° p 2.31 x 225 x 103
= = —
S : = 2red) ™ 0.65 x 0.85 x 210 2rea) 0.85 x 210
o | \. © '
I l ey = 2,896 cm?
\\.\ p— —
B=55cm ' H344 =348  gyya Wuiaous = WuA Base plate Az(actuar = Az = 3,600 em®

Base plate ANNA Ay = Ay (conservative)  + Ap(actual) > Az(req)




Design Example: Column Base Plate

#WelLoveSteelConstruction

v1InsU uaavsiga:ldeangiulan dadvaguuaauanaunsa NdMdvsuusvada 210 ksc uazgnmisdadv

1a
non-shrink grout lWlUaulAurusovgiulal (base plate) lagidmavsuusvaa 280 ksc DvaSIDdDU
J1 base plate 1nsa SS400 :awisasuusvoalassolu

Step 3: 1SJ0aULIUSDUSUWUN Base plate (A,) [N =55, B = 55]

Pp;, = 60 Tons
P;; =165 Tons

60_ cm

by = 34.8 cm T2 N >d+2(7.2)
] : ‘ N > 344+ 2(7.2) —
| | Wuszezie Bolt
g p c ' 5 i = 55 > 48.8 cm? |Ne) URGEEAR
= (B S [s
3] g = b Tl e hammnn-d | - ‘S 1
3 | Tl’ L B = by +2(7.2)
g E vl 71 = 'i‘Z
S 2 5 | B > 34.8 + 2(7.2)
. \ 1
A | - 55 > 49.2 cm? [Ne)
B=55cm N H344 « 348

Base plate



Design Example: Column Base Plate

#WelLoveSteelConstruction

v1InsU uaavsiga:ldeangiulan dadvaguuaauanaunsa NdMdvsuusvada 210 ksc uazgnmisdadv

1a
non-shrink grout lWlUaulAurusovgiulal (base plate) lagidmavsuusvaa 280 ksc DvaSIDdDU
J1 base plate 1nsa SS400 :awisasuusvoalassolu

Step 4: (1S29aDUNMSSULSVNAUDVWUNDLD

Pp;, = 60 Tons
60_ cm =
br = 34.8 cm ' ,AZ P, 0.85f/4, |4, 1.7f/A,
I_';_,,,-g — ] ! t < ) ’ _P: (4 p i el
| | ®.P, = 0.0.85f/ A, 7S 0. 1.7 A, 2 o 2o
= o = e
3 ¢ H Els 4,  *WuFactor NprutWaUSUMAVSULSVUDVODLD
£ 18 <+ |in - A,
O fay et — - = | < | | A Ex. Ay = 44> [—==2
S |= o O 4y
© @ I
2 e el | BN o
o o | \“\ o
L : — !
N
l
B:=55cm —— H344 = 348

Base plate



Design Example: Column Base Plate

#WelLoveSteelConstruction

v1InsU uaavsiga:ldeangiulan dadvaguuaauanaunsa NdMdvsuusvada 210 ksc uazgnmisdadv

1a
non-shrink grout lWlUaulAurusovgiulal (base plate) lagidmavsuusvaa 280 ksc DvaSIDdDU
J1 base plate 1nsa SS400 :awisasuusvoalassolu

Step 4: C‘ISDOE’IE)Uﬂ’ngUllS\)ﬂOUE)\)V-\"IUﬁGDLjE)
Pp;, = 60 Tons

P;; =165 Tons

LRFD

60_ cm -
bf = 34.8 cm , A,
2 SRR 2 cloh @cP, = 0.0.85f/A; |—
= : J ‘ A
= o ] l o ! 3,600
= A . " ,
8 £ £ 9P, = 0.65(0.85)(210)(3025) |=—=
s |8 = S 3,025
ole — 1 e tem [ |
> |
© |5 : g A = ®.P, = 383 Tons
S e 5 |
o | \_©
] " N ! P, =336 Tons
| &
E—: 55 cm —— H344 = 348 ~ @B, >P,
Base plate



Design Example: Column Base Plate

#WelLoveSteelConstruction

v1InsU uaavsiga:ldeangiulan dadvaguuaauanaunsa NdMdvsuusvada 210 ksc uazgnmisdadv

1a
non-shrink grout lWlUaulAurusovgiulal (base plate) lagidmavsuusvaa 280 ksc DvaSIDdDU
J1 base plate 1nsa SS400 :awisasuusvoalassolu

Step 4: (1S29aDUNMSSULSVNAUDVWUNDLD

Pp;, = 60 Tons
P;; =165 Tons

60_ cm -
by =348 cm P, _ 0854, |4,
T 1 J ‘ Q¢ Q¢ A
3 = i i |
© .
‘g C > e & _ (0.85)(210)(3025) (3,600
£ (8 = S Q. 2.31 3,025
©leg —-H— - = a g |
3 |® T P,
2 ~ 'Z — = 254 Tons
o % + FRE == o QC
(&) o | N o
\
] : N ! P, = 225Tons
N
| I
B=55cm " H344 = 348 P,

- e
Base plate Qc



Design Example: Column Base Plate

#WelLoveSteelConstruction

v1InsU uaavsiga:ldeangiulan dadvaguuaauanaunsa NdMdvsuusvada 210 ksc uazgnmisdadv

1a
non-shrink grout lWlUaulAurusovgiulal (base plate) lagidmavsuusvaa 280 ksc DvaSIDdDU
J1 base plate 1nsa SS400 :awisasuusvoalassolu

Step 5: H1 Required base plate thickness (t,,;,)

Pp;, = 60 Tons
P;; =165 Tons
DA Py 1.67(2 fa
bf = 34.8 cm b= pru """"""" fpu = NB £ o= . ( fpa) """""" fpa = NB
—— ey min — min
J 0.90E, E,
I ‘ ....-.............--.............-..-..........-..-..........E. ...................
© Q l ~ ! : p Yield-line theory ===
7} C - T [ = max(m,n,An’) ..
@ = s e o
S D el T
S lg —-H— - H—% |18 | L S
3@ 0| LT X
S | = :
g € n._1F 8] -
o ° | X m | R T o | by |och
> | SN (d + b)"|9chy (d+b,)°| B
B =55 cm S H344 = 348

Base plate



Design Example: Column Base Plate

#WelLoveSteelConstruction

v1InsU uaavsiga:ldeangiulan dadvaguuaauanaunsa NdMdvsuusvada 210 ksc uazgnmisdadv

1a
non-shrink grout lWlUaulAurusovgiulal (base plate) lagidmavsuusvaa 280 ksc DvaSIDdDU
J1 base plate 1nsa SS400 :awisasuusvoalassolu

Step 5: H1 Required base plate thickness (t,,;,)

Pp;, = 60 Tons

60_ cm =
%—2—3%8 — to. =] ﬂ t . =1 M
' J ‘ min 0.90Fy min Fy
i | ‘ L _
o 5 ' E , : P Cantilevered Beam
w C 3 i~ " o
’
s | d (g R ‘ Base Plate
-— on
|3 R " 77T T T T T T 1TT 1 Grout
= e rzm S| | P  Pier
O o l ‘\\0 m '
- l \\\I\
B=55cm “— H344 = 348

Base plate




Design Example: Column Base Plate

#WelLoveSteelConstruction

v1InsU uaavsiga:ldeangiulan dadvaguuaauanaunsa NdMdvsuusvada 210 ksc uazgnmisdadv

1a
non-shrink grout lWlUaulAurusovgiulal (base plate) lagidmavsuusvaa 280 ksc DvaSIDdDU
J1 base plate 1nsa SS400 :awisasuusvoalassolu

Step 5: H1 Required base plate thickness (t,,;,)

Pp;, = 60 Tons
P;; =165 Tons

60_ cm - p ,
bf : 34'8 cm t . l pru ------------- fpu = N_uB t . — 1'67(2fpa) """"""" fpa = N—aB
v S min 0.90F, e F,
o R | e
3 - = g | [ = max(m, n,An’)
£ (@ ol N
| LD
; g = — - ) - :3; | | X = Zx/Y <1
e g N lzl | 1+V1-X
S LS e | aab, | m, L b sdb; |a.p,
o | \_ ° m X= z|o.p X = 2| p
] ' - d+bs) [Pcfp (d + by) P
| N 4 L4 ) ]
B = 55 cm S H344 = 348

Base plate



Design Example: Column Base Plate

#WelLoveSteelConstruction

v1InsU uaavsiga:ldeangiulan dadvaguuaauanaunsa NdMdvsuusvada 210 ksc uazgnmisdadv

1a
non-shrink grout lWlUaulAurusovgiulal (base plate) lagidmavsuusvaa 280 ksc DvaSIDdDU
J1 base plate 1nsa SS400 :awisasuusvoalassolu

Step 5: H1 Required base plate thickness (t,,;,)

Pp;, = 60 Tons
60_ cm = Pu Pa
o demi i T fra =g
' ; : ’ 336 x10° _ 225x10°
5 il (PSS j|° = ~ 55x55 ~ 55x55
: 515
=g <+ o = 111.1 ksc = 74.4 ksc
©leg —-H— - a < | |
O |- o
© | @ o
2 e 5 = 1=
(=] t =y it
o O l \ O m
k! : \\\ !
| N\
B=55cm — H344 = 348

Base plate



60 cm

|

Design Example: Column Base Plate

#WelLoveSteelConstruction

o1nsy uaooswawa‘)aoﬁ'mumm dadvoguuaoljoAdUNSQ AGA1ausuLsvaa 210 ksc ua:gnisaacv

non-shrink grout lmIUmuZmuwusa\)mULm (base plate) lagidmavsuusvaa 280 ksc YvASIVADU
J1 base plate 1nsa SS400 :awisasuusvoalassolu

] ] KIAURMIE cantilevered length
Step 5: H1 Required base plate thickness (¢,,;,) uvnaa wsvzia moment LInga

|

Pp;, = 60 Tons
60 cm T [ = max(m, n,An")
bs = 34.8 cm
) - —
m— _N-095d oo ame 1 _B-08p o dbf

: . 2

: l ’ _ (55—0.95(34.4)) _ (F508G48) 8(34 8)) (Jm)
= o ) o 2
= . 2 gy =11.16 cm = 13. 58 cm =8.65cm
2 S B |

< | 1 [
e SreAEre : | < |18 | 4db, | P 3 4dbs | QP
D ™ | X = f u oy = f cfa
| - o

S o p= (d+by)°| 2By | (d+b)°| B
— s S . I L : L
S = g ! ~ =11 ;ﬁ| _ [4(34.4)(34.8)] (336 - [4(34.4)(34.8) | (225

: NG 1 ~ | (324 +32.8)7|\383 - T |Baa+348)%|\235

] N = 0.877 ' =00957

B=55cm "~ H344 * 348 A=£51-))\=@>1
Base plate LEVLEA

A’ = 1(8.65) = 8.65



Design Example: Column Base Plate

#WelLoveSteelConstruction

o1nsy uaooswawa‘)aoﬁ'mmm dadvoguuaoljoAdUNSQ AGA1ausuLsvaa 210 ksc ua:gnisaacv

non-shrink grout lmIUmuZmuwusa\)mULm (base plate) lagidmavsuusvaa 280 ksc YvASIVADU
J1 base plate 1nsa SS400 :awisasuusvoalassolu

] ] 1AQ moment UINJQ ﬂo (2v(3 base
Step 5: H1 Required base plate thickness (t,,;,)

plate HU"IU"IﬂﬂJ"IO']UE)UI’]WO']SEU']
Pp;, = 60 Tons
60 cm - - p
bff3480m [ = max(m,n,An")
_ =1 | | = max(11. 16. 65)
— o) ] l O ’ ---------------------------------------------------------------------------------
E ]
w C 2 Zz 22 = E = " o ' :
% S " S N . ! 44k """"""
G i =ealiid : = e by | B 111ksc M ELTACO ) b WA
3 |® o [l e 0.90F, . E,
- e || =T 2(111.1) 1.67(2 X 74.4)
o ° | XK= m _ /— = (13.58) |— :
i ; S5 ! (13.58) 0.90(2400) ( ) 2400
| N
B=55cm " H344 = 348 =436cm
Base plate



Design Charts and Tools

ol TRUE-H 3G 19:50 1% il TRUE-H 3G 19:04 il TRUE-H 3G 20:51

ol TRUE-H 3G 20:51 1% il TRUE-H 3G 20:52
Calculation < Calculation < Calculation < Calculation < Calculation
Select Product Select Section Insert Value Capacity Full Report Full Report Export
(HSS) Rectangular (HSS) Nominal Compressive Strength (Pn) Section Properties
45'167 ry 4.92 cm
Q kg
- Limiting Width-to-Thickness Ratio

Factored Nominal Compressive Strength (@ Pn)
Column

40,650 M 2578
\ ‘ kg p 40.41
9] fa 2578

Compressive Strength

Steel Grade $5400
KLfr 52.82
Fy 2400.0 ksc
Fe 7,076.38 ksc
Fu 4000.0 i ksc For 2,082.39 ksc
Base Plate ) H 125 cm Axial Force
o gl o P 45167 kg
"
P, 40,650 kg
L3onuUs:LNANUDY LAonUs:LANUDY {dA1 1nsalsanua: souUs:uUdana l[anmavuov **JIRSUNIUNBIS:
member NAovN1S RUAQ yurQuovkUunaa member Loud:=auisana Full

AUDTU

© © ©0----

Report LtWDQ/Uuiin
ANIGoINNISATUDEU
NVHUQ

Adobe Acrobat Adobe Acrobat
Document Document

Full Report Manual




Design Example: Column Base Plate

#WelLoveSteelConstruction

91nsU uaavsiga:lduangiutan Gadvaguuaosndpunsa N

—

U

M

non-shrink grout LY lUAuldunWusovgulan (base plate) lagil
J1 base plate 1nsa SS400 :awisasuusvoalassolu

Lt

av

R

SSI

STEEL DESIGN

SultsvoQ 210 ksc ua:zignisaacv

[

VSULSVDQ 280 ksc 2vQSIVdddU

Project name -
Project No. -

Design by -

Nominal Strength of Steel Base Plate

Base plate desizn Location -
H43x34 Date:

‘We love sieel construction Client

Pier 600 500
Fun 1,203

DL 60T +LL 165T

Material Properties

Steel Properties

Steel Grade —

| Sectional Dimension
Colurn Dimension
Depth = 314
= 3.8
Section Properties
A = Bx N
A = 3,025
4 = Hope x W,
A = 5,60

Nomtinal Compressive Stren

gth

Nominal Bearing Strength of Supporting Concrete

[A
P, = 08" A == < LTEA
) Ty g =170

P, = 785, 400
Factored Nominal Bearing Strength of Supporting Concrete
4P, = 510,510
Allowable Bearing Strength of Supporting Concrete
B = 340, 000
Critical l‘i;se Plate Cantlever Dimension
N — 0.95Depth

]

= 1

(Critical Base Plate Cantilever Dimension

- N
Nominal Compressive Strengeh (Flexural buckling)

F,BNE:

P, 21z

P = 308, 595 kg
Factored Nominal Compressive Strength

&P, = 458, 736 kg
Allowable Compressive Strength

Pu = 238, 680 kg

P
DL + LL = 215T < E”: 238.7T

OK
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e WIISQUNLAWT: interior column

 luwosaun lateral load AU column
(lateral load 00 lateral system)

. WoIsSANIaW: laBuav gvo 4 was 11
iU bracing taa (GUua K =1)

* Span S:g:H19S:H310Lla1 6 WAs

. D1A1S 3 BU (SOUfvGurauA)
LL =300 kg/m?, DL =500 kg/m?

- AvlakAnua: base plate 13 HY370
(F, =3,700 ksc)
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 Span 6 m & LL 300, DL 500 kg/m?

+ thHUNCDBU
 DL=500kg/m?*(6*6 m?) /1000=180T
« LL=300kg/m?*(6*6 m?) /1000=108T

e Service load level (3 3u)
e« DL=180*3=54T,LL=108*3=324T
« TL=864T

 Ultimate (Factored) load (3 lfu)
¢« 12DL=(12)54=65T,16LL=(16)324=52T
* P,=12DL+16LL=T17T
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auuadilan HSS (Hollow Steel Section Nd)
210DV UoN. 107 aw JIS G 3466

Try: HSS 200x200x6, r = 7.88 cm, A = 45.63 cm?
KL/r =(1) 400/7.88 =50.76

4.71*\/(E/Fy) =109.5 > KL/r ... inelastic buckling
F,=T%E/(KL/r)? =7,661ksc

F., = 0.658FY/FI*F =3,023 ksc
P_=F_A=137929ksc=138T
OP_=0.9(138)=124T>P_=17T

pIavia
T

mrm

k2™

L
T L
o .00 24.10 30.67 <
12.00 30.20 38.5% e
3.20 12,00 15.33 =
a.50 16.60 21.17 £
5.00 18.30 23.385 z
&.00 21.70 27.63 ¢
.00 31.10 3067 H
12.00 39 70 50.53 1
.50 ZO.10 25.87 :
5.00 2230 28 .36 :
6.00 26.40 33.63 1
2.00 3820 ag .57 1
a4.50 23.70 30,17 1
5.00 26.20 B33 .36 1
65.00 31.10 23963 1
a.50 27.20 3967 =
&.00 35.8 a5 .63 =z
8.00 15,0 52 7O =
.00 52.3 B85 6T z
12.00 &57.0 865 53 c
5.00 3B.0 a8.36 €
6.00 as5.z 57.63 E
8.00 59.5 T5.79 y
2.00 665 84.67 £
12.00 as.8 110.5 1
150 413 52.67 -
&.00 54.7 69.63 ¢
9.00 80.5 102.7 1
12 00 1045 134.5
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d=20cm

R

!l
=

 duudaoudsSuU base plate Duunalked

navsuusogouin (liass>vaou) N
e yunatal HSS 200x200x6

Try: Base plate 32 cm x 32 cm
| =(32 -0.95*20)/2 =65 cm R
t, = 1*v[2P,/(0F BN)]

= (6.5) V[2(117)/(0.9*3.7*32*32)]

=17 cm ... 1aon(5 1.8 cm

* {3 Base plate HY370 uu1Q 32x32x1.8 cm



Project name :
Project No. :

Designby :

minal Strength of Steel Base Plate

base plate Location :
Date :

Client

Material Properties

Steel Properties

Steel Grade HY370
F, = 3,700 ksc
F, = 4,600 ksc
E = 2,000,000 ksc
Concrete Properties
fe = 300 ksc
Sectional Dimension
Base Plate Dimension
B = 32 m
N = 32 cm
tp = 18 cm
Concrete Dimension
Weone - 50 o
Heone = 30 cm

Sectional Dimension

Column Dimension

Depth 20 cm
by 20 cm
’ Section Properties
A, BxN
A 1,024 cm
A> Hecone * Weone
A, cm
’ Nominal Compressive Strength
Nominal Bearing Strength of Supporting Concrete
o Ay e
P, 0.85F A,V =2 < 17 A,
Ay
P, 408, 000 kg
Factored Nominal Bearing Strength of Supporting Concrete
o, 265,200 kg
Allowable Bearing Strength of Supporting Concrete
Py 176,623 kg
Q
Critical Base Plate Cantilever Dimension
N - 0.95Depth
m 2
7 cm

m

’ Nominal Compressive Strength

Critical Base Plate Cantilever Dimension

B - 0.8b
n = —

1 = max(m,n,An )

1 =

Nominal Compressive Strength (Flexural buckling)

P

P, = 145,275

P, = 130,747

Allowable Compressive Strength

o| =
il

86,991

cm
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Concrete anchorage for tension -1
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* LJo1Aa moment N base plate dUfivs:QUHTY o=
dowarir anchor rod GovsuLsVOY BuADY
(1S29d2UMAVAIUNIUNISADUUDVADUNSC
(Concrete Pullout Strength) 8uWo1seun bearing
area Udv anchor rod head (919I3UWUIHANUGIY
LWU bearing area) “8v bearing area anchor vuna
tiaduin AdvdiuniunisaauvdvAUNSOTOUIN”

«  UDNYINU JuADVWIISTUINIAVAIUNMUMSLONYDD
ADUNSQ (Concrete Breakout Strength) Qg
sUuuunisduauuulau NSend1 Concrete Capacity
Design (CCD) nvi CCD fiHuansaulun1swa1seun
anchor rod A LlduWIAUINaILLAU 27 (50 mm) ua:
s:g:iluudv anchor rod lUlAu 25" (63 cm)

« CCD Wumswaisaunsuuuums3uan Apunsagam
(Ruanaonululau (cone failure) lagtwalkns
wosaunlidudou anueu:lauvd:tdusudainasudsasa
My 34 oM (115) a:Npudl “dvs:o:iv anchor an
UIn AdvdumMuMsuanyUavAdUASAdouIn”

Concrete Pullout Strength

ACI concrete pullout strength is based on the ACI Appendix
D provisions (Section D3.3):

where

Abrg

ONp = Oy, 8f

= the nominal pullout strength

0.7

1.4 if the anchor is located in a region of a
concrete member where analysis indicates no
cracking (f; - f,) at service levels, otherwise y, =
1.0

the bearing area of the anchor rod head or nut,
and f,” is the concrete strength

Concrete Capacity Design (CCD)

Per ACI 318-02, Appendix D, the concrete breakout

strength for a group of anchors is
[ Oql;.?-l\,l"f I:,:,] s ':‘ for i <11in.
“ANo
and
O Ny, = oqi_:lh\[_? Ia‘.,'* : ;—\ forh, =11 in.
“ANo

where

0.70

1.25 considering the concrete to be uncracked at
service loads, otherwise =1.0

depth of embedment, in.
concrete breakout cone area for group

concrete breakout cone area for single anchor

Ref: AISC Design Guide 1, ”

Al A
~ -
/ D’ K N\
hef AN A .
f; ’“/\ - /\’\ fy =TenS|Ie stress
pEE Eq in concrete along
surface of stress cone.
View A-A
L le
W 3!‘:9f W
JE
RRRSEIRE
SIS
SIS
% SRTRIECIERS
IRLKRKS
3 SR
S
betetele’e! &5 2525
R e s
Deteletete el otels
SRR &5 o lelee!
o%e%e %% 0%, be%,
CRLIRRLK S % el
3h Oosiasesesesetetsl  1%e%ele 000%8:
ef KA A AKX O
LR TIARLE 2
SRR R
2% 0 %020 te 0% 0 %%, ool
28585 botelelete! 2585
LS RSREISERELRLSK
SRR ELSKKK
SRR
SRR REELRLLAEK
LSRRI SLHKRIKK
SRR KK
o RIS

Base Plate and Anchor Rod Design,” 2"d edition
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¢ MAavAUNIUNISADUYDVADUNSQ (Concrete
Pullout Strength) Una:0u limit state A control
wadnssutilksun lqe A, 1DuWuiuav anchor
head Hhaonv1AWuNn anchor rod Sotdu bearmg
area NoNumumsnauaan lQYNMSWIISTUIDDILUN
doundanu concrete aantlu nsdatdhAudiuvav
ADUNSONDUUDIUIUD:UONNS:QU service level Au
nscunNAaunsaluduudldud:uan

¢ MavunNuNISLaNUDVADUNSA (Concrete
Breakout Strength) ddgsduuunisducuuulau n A
(SN Concrete Capac1ty Design (CCD) lUuaums
empirical lagn1sworseundraaumsiLaavio:tov
doQAADVAUKLDY psi d1HSU fc' ua: inches d&1HSU
h, (S:9:idv = depth of embedment)

 CCD udunu yunratdurWigugnaIvuov anchor rod
WATUANUS:8:AY Ua:N1SYQVCUHUVUDY anchor
rod Wudnty

4.4 Example: Concrete Embedment Strength

Calculate the tensile design strength of the concrete for a
single smooth 34-in.-diameter headed anchor rod with an
embedment length of 6 in. The ACI concrete breakout de-
sign strength (using equation for A,,< 11 in.) for uncracked
4,000 = psi concrete is

A
¢Ncbg:¢w324 fc hefls 2
ANO

Assuming uncracked concrete, y; = 1.25. For a single rod,
AN = ANo'

0Ny = 0.7(1.25) 24,/4,000 (6)"
=19,500 1b or 19.5 kips

Note that the break out strength is theoretically indepen-
dent of the size of the anchor rod. This embedment at only 6 in.
is enough to make the design tensile strength of a Grade 36
anchor rod up to %-in.-diameter govern the design.

As discussed in Section 3.2.2, the ACI pullout strength
equations do not typically control provided that the anchor
rod yield strength does not exceed 36 ksi. In this case, the
pullout strength shown in Table 3.2 may be multiplied by 1.4
to obtain the pullout strength, as the concrete is uncracked.
The resulting pullout strength is

ON,=1.4%x152=213>19.5

No equivalent ASD solution to this check exists in ACI 318-02.

Concrete Pullout Strength

ACI concrete pullout strength is based on the ACI Appendix
D provisions (Section D5.3):

ONp = OYaA, B

where

N, = the nominal pullout strength
o = 07
v, = 1.4 if the anchor is located in a region of a

concrete member where analysis indicates no
cracking (f; — f,) at service levels, otherwise y, =
1.0

Apy = the bearing area of the anchor rod head or nut,
and f,” is the concrete strength

Concrete Capacity Design (CCD)

Per ACI 318-02, Appendix D, the concrete breakout
strength for a group of anchors is

0 Ny = 0y3 241! f:(.,‘--‘ 4 for i, <11in.
Apg
and
. - s Ay
0 Ny = 0w 16,1 1 *" >
No
where
o = 0.70
v, = 1.25 considering the concrete to be uncracked at

service loads, otherwise =1.0
h, = depth of embedment, in.
Ay = concrete breakout cone area for group

Ay, = concrete breakout cone area for single anchor

Ref: AISC Design Guide 1, “Base Plate and Anchor Rod Design,” 2"d edition
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The title of the Design Guide has been changed to "Base
Connection Design for Steel Structures” to reflect the
expanded scope of the new edition.

WWasudoo1n Base Plate and Anchor Rod Design IUlUu Base
Connectlon Des:gn for Steel Structures lRa:NouLipKIAUENE
UE)UlUC]lWUlC‘IUEJ\)UU

Design Guide 1

Base Connection
Design for

Steel Structures g’“:‘g

Third Edition




Key Updates
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A new chapter (Chapter 3: Base Selection, Design and
Simulation) is included to establish the relationship between
the structure and base connection to provide context for
connection selection, design, and simulation.

IWULAUHTDIHUSA 1un (unii 3 MsI3DAS:UUTIU NMSDDALUU
Ha:uuUNanw) IWalRIA0AIUITNRAVAIIAUWUSSHI W
lAsuasivua:s:uuYIUSDVSU DULNEITDVAU NISLADNS:UUYACID
ANSDDNUUU UA:AISHLUUDIADY

Design Guide 1

Base Connection
Design for

Steel Structures g'“::,

Third Edition
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Chapter 4: Design of Exposed Column Base Connections in
this edition (which addresses column base plate connection
design) is now particularized to column base plate
connections with some modifications; broadly, this was the
topic of Chapter 3 of the second edition. A new section is
introduced to address base plate connections subjected to
biaxial bending and axial compression.

uni 4: msoPALUUAdDTIULEN (INYIAUNISIDNILUULKUZIU BV
LouAtduunin 3 yov 2" Edition) [dSunsUSuUsv IRAsDUAQULNU
Jiundovsuluwudaa 2 unu lUwsSouauusvoa (biaxial bending

Design Guide 1

Base Connection and axial compression)
Design for

Steel Structures é::‘::;‘;;;.

Third Edition amew” | Steel.




Chapter 4 - Design for Tension
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Table 4-2. Anchor Rod Concrete Pullout Strength (LRFD Only)

Design Concrete Pullout Strength,

Rod Diameter, Rod Area, t:wn:e;r::t o, kips
in. Ap, in2 Aprgy in2 fz = 3,000 psi f2 = 4,000 psi f; = 5,000 psi
3% 0.307 0.671 11.3 15.0 18.8
Concrete Pullout Strength » e pyos s %2 s
T 0.601 1.19 20.0 26.7 33.3
ACI concrete pullout strength is based on ACI 318, Section 17.6.3. — o = =2 — —
14 1.23 2.24 376 50.2 62.7
For cast-in headed anchor rods L L7 212 = — e
13 2.4 4.14 69.6 92.7 116
2 3.14 5.32 89.4 119 149
r 2 3.98 6.63 111 149 186
d)AIpn = q)WC.P (SAbrgfc ) 25 491 8.10 136 181 227
23 5.04 9.70 163 217 272
3 7.07 11.5 193 258 322
3 8.30 13.4 225 300 375
W hel'e 3% 962 15.4 259 345 431
. .2 3% 11.0 17.6 206 394 403
Apr, = net bearing area of the anchor rod head or nut, in. 2 126 199 4 pye 557

Il
o
Ve p

F1554 Gr. 36.

Note: Bold values above the heavy lins indicats the available pullout capacity exceeds the available stael strangth of the anchor rod in tension for ASTM

specified compressive strength of concrete, psi
0.70 per ACI 318, Table 17.5.3(c)

1.4 if the anchor is located in a region of a concrete member where analysis indicates no cracking at service levels,

otherwise Y. p = 1.0.
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Concrete breakout strength

Concrete Breakout Strength

The concrete breakout strength is determined based on the CCD method. In the CCD method, the concrete cone is considered
to be formed at an angle of approximately 35° (1 to 1.5 slope). For simplification, the cone is considered to be square rather
than round in plan. The concrete breakout stress (f; in Figure 4-2) in the CCD method decreases with an incre|ase in size of the
breakout surface. Consequently, the increase in strength of the breakout in the CCD method is proportional to the embedment
depth to the power of 1.5 (or to the power of 5/3 for deeper embedments). When the concrete breakout cone is influenced by an
edge (see Figure 4-3), the breakout area is reduced. According to ACI 318, Section 17.3, the CCD method is valid for anchors
with diameters not exceeding 4 in. and specified concrete strength used for design not exceeding 10,000 psi. Anchors must also
satisfy the edge distances, spacings, and thickness indicated in Section 17.9 unless supplementary reinforcement is provided to
control splitting failure.

ACI 318, Section 17.6.2, specifies that the nominal concrete breakout strength for a group of cast-in anchors is:

ANc
Nepe = AN Vee NV ed NV e, NV op, N Vb (ACI 318, Eq. 17.6.2.1b)
Nco
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Concrete Breakout Strength

s SN
< /fr/\\‘l\tuj //\ \
/
where

N f; = tensile stress in concrete
A Ne

N along surface of stress cone

. : .2
= projected concrete failure area of a group of anchors, in.

Anco = projected concrete failure area of a single anchor if not limited by edge distance or spacing
Ny,

= basic concrete breakout strength in tension of a single anchor in cracked concrete, Ibf
Y.y = breakout cracking factor based on the influence of cracks in concrete

- K

1}
= 2o
5 K0S

o%
B8

K5
ogeeet

<

W, N = breakout splitting factor to account for splitting tensile stresses

e
SRR
$S. 0,000,
s

5
2558

<
<>

<
X
(55

..y = breakout factor to account for eccentric tension loading

Yo%

XX

V.4 v = breakout edge effect factor based on proximity to edges of concrete

View A-A

Fig. 4-2. Full breakout cone in tension per ACI 318.

Ne
Nepg = Twec,wed,wc,wmm (ACI 318, Eq. 17.6.2.1b)
Nco

The basic concrete breakout strength of a single anchor in cracked concrete, N, is given in ACI 318, Section 17.6.2.2, as:

Np = kehar flhe' (ACI 318, Eq. 17.6.2.2.1)
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A T’T A
P N
& 7o 7N
Concrete Breakout Strength AR M{ < fy=tensie stress in conrete
FARIN along surface of stress cone

5
Ny (lbs) = 16244/ fc'(psi)hjf(in) T

, 1,000  her(cm) N
N, (lbs) = 1621, |f!(ksc) * =0 % ( T2 )5/3 5 K S
= 12.784+/ fZ (ksc) * [hep(cm)]>/3 - _
12.78 - 5/3 - 5/3
Ny (kg) = 5 ) AV (ksc) * [her(cm)]>/°= 5.8144+/ f¢ (ksc) * [her(cm)] _
' (ACI 318, Eq. 17.6.2.1b)

When the anchor 1s a cast-in headed stud or cast-in headed bolt and the effective embedment of the anchor 1s between 11 in. and
25 in., inclusive, the value of N, may be increased up to 14% by utilizing ACI 318, Section 17.6.2.2.3, as

Ny = 1600y (ACI 318, Eq. 17.6.2.2.3)



Key Updates

#WelLoveSteelConstruction

A new chapter on embedded base connections is included
(Chapter 5: Design of Embedded Base Connection), reflecting
findings from multiple research studies summarized in Section
1.2.
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Key Updates

#WelLoveSteelConstruction

A new chapter (Chapter 6: Design of Column Base
Connections for Seismic Loading) has been added focusing
on seismic design.
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Two new appendices (Appendices C: Guidance for Simulating
Column Base Connections in Structural Analysis and D:
Guidance For The Use of Finite Element Analysis for

Base Plate Analysis and Design, Focused on Exposed
Column Base Connection Details) have been added to
provide methods for the representation of column base
connections in frame analysis and design and guidance
regarding their simulation through finite element analysis.
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Key Updates
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Sections pertaining to fabrication and erection have been
added to Chapters 4 and 5 for exposed and embedded base
connections, respectively.
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Type of Base Connections
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- mMsIuunsvuuuaciongIu uuvllu

a) 20cd base plate sSulaAluviuApuUNSQ
b) vacio base plate sutaifnilolunpunsa
c) acd base plate SulanluivlunpundQ

numsmomomanuwuao bracing

Table 2-1. Recommended Base Plate Materials

Thickness, 1,

Plate Availability

fp<4in.

ASTM A36/A36M

ASTM A572/A572M Gr. 42 or 50

ASTM A588/A588M Gr. 50

4in.<tp <5in.

ASTM A36/A36ME
ASTM A572/A572M Gr. 42
ASTM A588/A588M Gr. 46

S5in.<tp<6in.

ASTM A36/A36ME
ASTM A572/A572M Gr. 42
ASTM A588/A588M Gr. 42

Sin <t <8i ASTM A36/A36ME
n. <fp=8n. ASTM A588/A588M Gr. 42
tp>8in. ASTM A36/A36MP

1l preferred material specification

Base plate
Grout pad

Anchor rod

Column

Leveling nut

Embedded
column

A

Concrete footing

—

Concrete /

footing

= —

{a) Exposed base plate connection with column only

il

W

o

gl

Column support slab

(b) Embedded base connection

Brace
Gusset plate

(¢) Exposed base plate connection with gusset plate and brace



Grade of Base Plates
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Table 2-1. Recommended Base Plate Materials

Thickness, t, Plate Availability
ASTM A36/A36M S$S400 Equivalent
t, <4 in. ASTM A572/A572M Gr. 42 or 501 sM520 Equivalent

ASTM A588/A588M Gr. 50
ASTM A36/A36ME

4in. <t,<5in. ASTM A572/A572M Gr. 42
ASTM A588/A588M Gr. 46

ASTM A36/A36M1@
5in. <t, <6 in. ASTM A572/A572M Gr. 42

ASTM A588/A588M Gr. 42

ASTM A36/A36M@
ASTM A588/A588M Gr. 42

t, > 8 in. ASTM A36/A36 M

@ Preferred material specification

6in. <t, <8In.




Grade of Anchor Rods
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Table 2-2. Recommended Anchor Rod Materials

Nominal Shear | Nominal Shear
Tensile Nominal Tensile Stress Stress
Strength, Stress, [ (N-Type),l2k €] (X-Type), @k P Maximum
Fu, Fn[ = U.?SFu, Fnu = 0.450Fu, Fnyr = 0.563Fu, DiamEtEI‘,
ASTM Designations ksi ksi ksi ksi in.
« | Gr. 361 58 43.5 26.1 32.7 4
3 | Gr. 551 75 56.3 33.8 42.2 4
“|Gr.105 125 93.8 56.3 70.4 3
120 90.0 54.0 67.6 1
A449 105 78.8 47.3 59.1 1%
90 67.5 40.5 50.7 3
SS400
couivalent  A36/A36M 58 43.5 26.1 32.7 15
A354 Gr. BD 150 113 67.5 84.5 4

# Nominal stress on unthreaded body area of threaded part (gross area)

® Threads excluded from shear plane
®l Threads included in shear plane
™ Preferred material specification




Pattern and Behavior
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Al

W

©

©

25  GROUT MATERIALS

Grout serves as the connection between the steel base plate
and the concrete foundation to transfer compression and
shear through friction. Grout also serves to assist with main-
taining the levelness of column base plates and plumbness
of columns during erection. Accordingly, it is important that
the grout be properly designed, and placed in a proper and
timely manner.

Grout should have a design compressive strength at least
twice the strength of the foundation concrete if concrete con-
finement is used in calculating the available concrete bear-
ing stress. This will ensure that the grout is not the limiting
factor when the maximum available bearing strength of the
concrete foundation is desired. The design thickness of the
grout space will depend on how fluid the grout is and how

Flowable

grout

@

©

®

©

©

@

@

©

@

©

©

©

=

)

©

Fig. 3-2. Common anchor rod patterns.

. Shear lug to resist large shear forces.



Embedded Base Connection
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* 90cid base plate SutanvlunduNEQ

UﬂE)E)ﬂllUUlWE)lWUﬂTa\)SUllS\)E)OZHﬂU TOPID|BTE to tralnsfer
axial compression
concrete AU ucﬂuuwnso o1owWu Embedded °
column v Grout layer between
"IHQUVLDEY" nMsAadvLaT VUL o . ) / top plate and footing
orizontal reinforcement
As:uuwulduuuu slab on grade attached to column \ /’ g ~ Fooling or grade beam
Stirrups or vertical — | l'ﬂ\ et \ : = - 3
/ Slab-on-grade reinforcement for o i L
Cold joint between ;ff ive}fmpp?ngdd;;\ shear Strengthening \ | ) ¢
slab and blockout \ P ff H (]
T ) - i lﬂq . 4 ) J‘-d

‘ 2 =\ h o
'\fﬂ / Y ' —

/C ) . / PR
Cold joint between -/ / / . .a :
footlng and slab \ / / " - ' )

Footing/foundation —

——x] P
x|

. Column support slab

Diamond blockout (filled with / Construction
unreinforced concrete) control joints

Fig. 3-5. Blockout connections resulting in shallow embedment of base plate connections. F.fg 3-4. Embedded base connection S’!H"H:”jg details.



Anchor Rod
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o @wisaus:uItuNISANavsu
usvavudv Anchor Rod [a
MmuMmsiv 4-1laguimavsu
usvav tensile strength [UAtu
AUWUAKUNAQUDY anchor
rod NHAUUIQSDVLNAED

s 0.9743 )
Ase N =—|dg——
4 n

where
d, = major diameter, in.

n = number of threads per in.

Table 4-1. ASTM F1554 Anchor Rod (Rod Only) Available Tensile Strength

Available Tensile Strength, kips
Rod | Threads Nonnggal E?:g: oRn (0=0.75) Rn/@ (@=0.75)
Diameter, | perinch Area, Area, LRFD ASD
in. (UNC) A,, in2 Ase ns in.2 | Grade 36 | Grade 55 | Grade 105 | Grade 36 | Grade 55 | Grade 105
% 11 0.307 0.226 9.83 12.7 21.2 6.55 8.48 141
% 10 0.442 0.334 14.5 18.8 31.3 9.69 125 20.9
7 9 0.601 0.462 201 26.0 43.3 13.4 17.3 28.9
1 8 0.785 0.606 26.4 34.1 56.8 17.6 22.7 37.9
1% 7 0.994 0.763 33.2 42.9 71.5 221 28.6 47.7
1% 7 1.23 0.969 42.2 54.5 90.8 28.1 36.3 60.6
11z 6 1.77 1.41 61.3 79.3 132 40.9 52.9 88.1
134 5 2.41 1.90 82.7 107 178 55.1 713 119
2 41 3.14 2.50 109 141 234 725 93.8 156
2% 4% 3.98 3.25 141 183 305 94.3 122 203
2 4 4.91 4.00 174 225 375 116 150 250
2% 4 5.94 4.93 214 277 462 143 185 308
3 4 7.07 5.97 260 336 560 173 224 373
3% 4 8.30 7.10 309 399 — 206 266 —
3k 4 9.62 8.33 362 469 — 242 312 —
3% 4 11.0 9.66 420 543 — 280 362 —
4 4 12.6 11.1 483 624 — 322 416 —

— Grade not available in the given diameter.




Base Plate
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. lual:-nmausoaoamauanaunsmmu
base plate Hu1nua\) base plate ADAS
AS:D1YUSVDQ nns NWIUKUNAaLan
As=8 “LGUWURHUNAQ base plate”
WalAdWIAUdaNAS:A1S:H31V base
plate iU concrete aaudgav

» Base plate d:SU reverse pressure 910
ADUANSOODLUD (NUNANUDVUIAU LSV
NS:=M = USVUHASEN NS=D1YWIU area)

« USLruUBULaTTUDUNS:AVUDU base
plate o= Janueau:zladou cantilevered
beam ASU uniform load Sv310udiov
Wo1Ssaun flexural capacity uov base
plate (yield failure mode)

——
Y
1 9| @] = ;
i I - ] |
. Y
b ! I | R || N '
: ]
' 1 O | © <
J*l I g
e m _ !_f_ 0.950’#! m -
o + - N o
(a) Assumed bearing stress (b) Assumed bending lines

maorn

=%
i

- | -

Assumed
bending line ‘\

| |
|

|
fy

(c) Base plate design moment determination

Fig. 4-1. Design of base plate with axial compressive load.



Base Plate with Moment

#WelLoveSteelConstruction

Concrete Bearing Stress (for low moment case)

The concrete bearing stress is assumed to be uniformly distributed over the area Y x B. Equation 4-35, for the case of e = € pro-
vides an expression for the length of bearing area, Y-

N Y ) .
7—326’ (4-41)
Therefore:
Y=N-2e (4-42)
— ' - . - I f €
* MsA column base agluluad v:=dowa “Laidou” | P |,
usvaans:MLE&ovAUY (e = eccentricity) dowalr . Pl 1
Asns:=eUsvIald base plate (U uniform r "FTT Ly
e_|q
« fun1vNISAUDEU Design Guide couciauun 2 [ vz v
ARUalBWun1sNS=D18ULUU uniform wcdwun N

ﬂjSﬂS:DjﬂIUlaUHajﬁo lH-a"aS:EJ:ﬂ_]SﬂS:D_]EJ Y Fig. 4-7. Base plate with low moment.




Base Plate with Large Moment

#WelLoveSteelConstruction

« aladgusy axial load avgaouo
ADUNSAWIU base plate NUIWSoUAU
bending moment d:=dvoWalK LudUsv
axial load luWuAugnavudVLA
dowaly assumed-uniform reverse
pressure DWUANSAS:D19a0av
UDULWIANNS:=Y = Szg: Y

* HINs:8: Y anavuin (01U eccentricity
ALWUTU) Ad:=dowall concrete footmg
thiams3udlavie (910 pressure Ngodu
AH¢ area NNS:NELUSVANAY)

¢ ANSWDISTUNIVISUDINMISKA critical
eccentricity Nlidowalr concrete
footing SUQ (pressure LAuA1 q,.,)

Design of Column Base Plates with Large Moments

When the magnitude of the bending moment is large relative to the column axial load, anchor rods are required to connect the
base plate to the concrete foundation so that the base does not tip nor fail the concrete in bearing at the compressed edge. This
is a common situation for rigid frames designed to resist lateral earthquake or wind loads and is schematically presented in
Figure 4-8.
As discussed in the previous section, large moment conditions exist when:
€ > €t (4—53)
N B

>S5
2 “Gmax

Concrete Bearing and Anchor Rod Forces (for large moment case)

The bearing pressure, g, is equal to the maximum value, g, for eccentricities greater than e_;. In order to calculate the total
concrete bearing force and the anchor rod forces, consider the force diagram shown in Figure 4-8.

Vertical force equilibrium requires that:

zF\'«:rf{ud =0 (4—54)
)
f i e _
X P,er, T ‘
| Y f’,
ol Pl
[eB
- TTTTTTTTTT Toma
— -i- Qmax
| f+Nj2-Y/2 Y/2
' N

Fig. 4-8. Base plate with large moment.
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a .
< Ff v
dembea 4 4 A
a._' s !I::‘---_,. ) v
b - R < .
T | 7]
<‘Aﬂ 4 : Jqo.sN | . g - A ;
L , VT a .

— 1

Fig. 5-6. Concrete breakout force above the tension side of the connection in the absence of horizontal reinforcement.
Vertical
reinforcement

(stirrups) \ Fi —‘7' I."f

a4

Fig. 5-7. Breakout force of concrete above the tension side of the connection.

transferred through

f — Column tension
!
!

embedded base
plate into foundation

Column compression *
transferred through
face bearing plates 4 4 /
into foundation \ /
S ((RARRR ' "'
. - . B |l - .
. s - i - Vi [ .
o f N . S / /.
ke 4 ¥ s ' AN f. da A
/_ . ERN . \\ fo//
L N N . | .
L & a . < 4 Na 7/ <
SRS S SEANTTHITT )7
A . 4 - 4 4 - “
o @ ‘ o 4 - R I ‘ I 4 N
4 . . . T4 4 . o o o
7 a .- 4 a © . < A . - a4 g - . )
a4 2 <. oA ) < .
a . 4 A a < . 4 -4 a

{a) Compression in column

Fig. 5-4. Column axial force transfer in Type I connections.

Top nut/washer

Column assembly

Base plate

Upset thread (UT)

Y.

—
'S

(b) Tension in column

Threaded
region

Grout pad —
Concrete anchor rod Leveling /La,\
foundation nut/washer
- . assembly
> Y] =
| 4 o Polyethylene ) Smooth shank
|' J tape (along - ¢ reduced-diameter
: . entire smooth i3 | region
|. D : shank)
a4 a -
\\[ A \ Smooth
- Shear key transition J
(flllet) s Threaded
region
Anchorage
plate/nut
assembly

Fig. 6-1. Upset thread detail for weak-base seismic design.
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Column + Beam + Slab
Floor-to-Floor Height
Floors

Other concerns

Material cost
Labor cost
Familiarity in
Designh & Construction
Fire rating
Availability
Confidence

Column + Flat RC or PT Slab
Lower Floor-to-Floor Height
More Floors

\g

BUILDING | BUILDING

West Coast Engineering Co,Lid.

18" — :
7 —
16" —

15" —

14" —

13" — T

Ref: www.gel.co.th




Concrete Flat Slab

Ref: www.dlubal.com
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Design of Flat Slab Concrete for Punching Shear

PT Flat Slab with RC
Column Construction
Typical Sequence
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2 Design of Flat Slab Concrete for Punching Shear
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2 Design of Flat Slab Concrete for Punching Shear

— | Punching Shear
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PT Flat Slab with HSS
Column Construction
Typical Sequence
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RC Column * Flat RC or PT Slab Steel Column + Flat RC or PT Slab
Lower Floor-to-Floor Height ~ A Lower Floor-to-Floor Height
Space More Space 7

/ : \ lEg ring Co, Lid.
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Design of Flat Slab Concrete for Punching Shear
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Design of Flat Slab Concrete for Punching Shear

SUNESICICAEN Concrete Bearing (A, =N * B)

=R, =(0.85f") * V(A,/A) * A, < (¢ = 0.65) * (1.7f' ) * A4
"¢ =0.65 LRFD  Baseplate is to distribute column load to be uniform
") =250 ASD pressure: The larger/the base plate size, the smaller the
uniform pressure.

( Limit State 2 g;5e Plate Yielding (Bending or Flexure)

"t,=0*V[2P,/(¢F BN)] LRFD
"t,=0*V[2QP,/(F,BN)] ASD
* For H Column: [ = min [ { (N-0.95d)/2, (B —0.80by)/2/,1/4 V(db/4) } ]
* For HSS Column: [ = min [ (N-0.95d)/2, (B — 0.95by)/2 ]

=R, =t,%/2l>* F BN Base plate must be strong enough to carry the uniform
pressure. The larger the/base plate cantilevered length,
I, the larger the bending moment: The thicker-and higher
F, the base plate is, the stronger the base plate will be.

/ West Coast Engineering Co,Lid.
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Design of Flat Slab Concrete for Punching Shear

Downsides ...

+ Field installation'& adjustment?
- Concrete crushing under upper columns?
* Aesthetic & space on the/floor? N
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Laboratory Testing

'I Cap Plate Size Cap Plate Grade Without shear
. 320 x 320 mm HY370 headed studs
Cap Plate Size Cap Plate Grade Without shear
y . 320 x320 mm SS400 headed studs
y A
. —\\\‘\\ : g Cap Plate Size Cap Plate Grade With shear
T el . 320 x 320 mm HY370 headed studs

; V- ' lllEE@
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Proprietary Products: POSTCONNEX

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,Lid. SS| BUILDING TECH




Laboratory Testing

Cap Plate Size
320 x 320 mm

Cap Plate Size
320 x320 mm

Cap Plate Size
320 x 320 mm

Cap Plate Grade
HY370

Cap Plate Grade
SS400

Cap Plate Grade
HY370

\g

Without shear
headed studs

Without shear
headed studs

With shear
headed studs
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Laboratory Testing

Cap Plate Size
320 x 320 mm

Cap Plate Size
320 x'320 mm

Cap Plate Size
320 x 320 mm

Cap Plate Grade

Cap Plate Grade

Cap Plate Grade

Without shear
headed studs

Without shear
headed studs

With shear
headed studs

UCE @ |V
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* POSTCONNEX is structurally applicable and financially feasible

allowing more spacious interior spaces for multistory buildings.
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 00047 | 10,234 84 0.0825 120,000 9,900 3,096
400 400 0.160 4,480 250 250 6 0.0059 12,871 105 0.0975 120,000 11,700 3,309
450 450 0.203 | 5,670 300 300 6 0.0071 | 15,509 13 0.1125 120,000 13,500 3,661
10]0) >10]0) 0.250 | .7,000 300 300 9 0.0105 | 23,026 212 0.1600 120,000 19,200 3,174
550 550 0303 | 8470 300 300 12 0.0138 | 30,385 280 0.2125 120,000/ 25,500 3,585

Assume: Concrete structure.cost of 7,000 baht /m3 and Steel structure cost of 70 baht/kg (2,000 USD/Ton)

' \g

SSI BUILDING TECH
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* POSTCONNEX is structurally applicable and financially feasible
allowing more spacious interior spaces for multistory buildings.

Assume: HSS 250x250x6 replacing 400x400 RC columns
= 20 Columns per floor, net gain = 66,000 baht

POSTCONNEX+(HY370 - 4m long) | NetProfit
= 7 floors, net gain = 462,000 baht (13,000 USD) & um[temm) | cost®) |p. o

250 6 12,871 105 3,309

(B/column)

= More columns and more floors, more gain

V&

Assume: Concrete structure.cost of 7,000 baht /m3 and| Steel structure cost of 70 baht/kg (2,000 USD/Ton)| Very Conservative

y - UCE @ |V
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* POSTCONNEX
connections exhibited

Rotation (0)

Comparable punchlng % With shear headed studs
shear strength & failure &

mode as per Critical = [

Shear Crack Theory '« .

(CSCT) as comparedto o oo o oo oo

conventional RC flat slab’

& RC column connections The mechanical model of the Critical Shear C/r;;k Theory (CSCT) has

been used in the past to investigate-a number of shear-related
problems, such as punching of slab—column connections with and

without transverse reinforcement.

y,
/
/

Ref: Muttoni et. al.

o : \
/ 7

ACI 318

CSCT

oast Engineering Co. Ld.




* POSTCONNEX can
be filled with
concrete to form
composite action
called CFT column,
which makes the
column stronger
and more durable
against collision,
corrosion and fire.

Ref: Gakuen g;fﬁTTowers:
Nagoya, Japan

https://mymodernmet.com/modern-

architectyfeT

https://infrastructure.eng.unimelb.edu.au/scs/researc
/ h/concrete-filled-steel-tubular-cfst-columns

West Coast Engineering Co,Lid. S| BUILDING TECH



* Besides, shorter construction time, less
labor, higher quality control, and higher
return on asset, POSTCONNEX is made
from 100% recyclable GREEN materials
“steel,” which helps reduce Green House
Gas (GHG) emission, resulting in green
construction, green buildings and green
society.

Ref: www‘3rf.cc‘lm"

ULE @
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UPPER COL.
SEE COL. SCHEDULE

cJpP
VERT. STIFFENER TO COL.
VERT. STIFFENER TO HOR. PL.

5 1,200 M

6MM-THK 25MM-WIDTH OPENING REINF.

2 —DBI16, EA. SIDE

(MIN)

§ 6MM-THK 25MM-WIDTH
OPENING VERT. REINF.

200 MM
>
(MAX)

! ]—

j40° MIN
20 MM
3 (MAX)

CAP PLATE
SEE COL. SCHEDULE

PJP
(TYP)

1-DB16 THRU BAR EA. DIRECTION
2 —-DBI16 IF COL. LARGER THAN 250 MM

G TO.SLAB
SEE PLAN

=

VERT. STIFFENER PL.
THK. TO MATCH COL. THK.

LOWER COL.
SEE COL. SCHEDULE

A\

POSTEONNEX

ELEVATION

SHOP SPLICE INTERIOR COLUMN
SUPPORTING FLAT SLAB
TYPICAL DETAIL




200 MM

«——»
(MAX)

1-DB12 THRU BAR EA. DIRECTION

2 - DBI16 IF COL. LARGER THAN 250 Mi

200 MM
<+—p
(MAX)

=

TYP
UNO.

6MM

6MM-THK 25MM-WIDTH OPENING REINF.

/v 2-DB16 ADD’L REINF. EA. SIDE (TYP)

POSTEONNEX

PLAN

FLAT SLAB ADDITIONAL REBAR
AROUND SHOP SPLICE INTERIOR
COLUMN TYPICAL DETAIL




6MM-THK 25MM-WIDTH OPENING REINF.

UPPER COL. SEE COL. SCHEDULE ¢
P 200 MM 2 - DB16, EA. SIDE
VERT. STIFFENER TO COL. W ' .

1-DB16 THRU BAR EA. DIRECTION
2 —-DBI16 IF COL. LARGER THAN 250 MM

Ja0° m P TO.SLAB

.00 SEE PLAN
! EEEEN
L I §

w/ M24 CLASS 10.9

| BOLT (TYP) UN.O.

VERT. STIFFENER TO HOR. PL.

!
!

10 MM
§ (MIN)

TYP | Er
UN.O. /" 6MM| —
I

J VERT. STIFFENER PL.

CAP PLATE
SEE COL. SCHEDULE THK. TO MATCH COL. THK.

LOWER COL.

PJP SEE COL. SCHEDULE

(TYP)

POSTEONNEX

A

FIELD SPLICE INTERIOR COLUMN
SUPPORTING FLAT SLAB
TYPICAL DETAIL

ELEVATION




CcJP
VERT. STIFFENER TO COL. 200 MM
VERT. STIFFENER TO HOR. PL. A ‘MAX)
TYP
[ I 1/ “ ; I/i\k [ H (I [ ~
1-DB16 THRU BAR EA. DIRECTION T
> — DBI6 IF COL. LARGER THAN 250 MM \H 6MM-THK 25MM-WIDTH OPENING REINF.
B ll__l B §
20 MM n 1y \
(MAX) |[@] I— \ <> J‘ :E
‘ “\ )_ : [
s — — ——— 2-DBI16 ADD’'L REINF. EA. SIDE (TYP)
s |X ‘
I
d POSTEONNEX
M24 CLASS 109 ~ | FIELD SPLICE INTERIOR COLUMN
BOLT(TYP) UNO. PLAN SUPPORTING FLAT SLAB
, TYPICAL DETAIL




CFS TO CAP PL (TYP) Ny 2 — DB16, EA. SIDE
l < 1500 MM (MIN) >
G TO.SLAB
T (X ® SEE PLAN
10MM (MIN)
25MM (MAX) « 3.2MM THK
\[ CFS CHANNEL (TYP)
| « 4 A |
CAP PLATE
SEE COL. SCHEDULE
LOWER COL.

PJP
(TYP)

A

ELEVATION

SEE COL. SCHEDULE

POSTEONNEX

DEAD-END INTERIOR COLUMN
SUPPORTING FLAT SLAB
TYPICAL DETAIL




UPPER COL.
SEE COL. SCHEDULE

BASE PLATE
SEE COL. SCHEDULE

\

B

TYP

CONC PIER/FOOTING
SEE COL. SCHEDULE \

A

6MM
MIN.

AV

ELEVATION

UNO.

25MM NON-SHRINK GROUT (TYP),
UNO., AFTER COL. INSTALLATION

24MM ANCHOR ROD
(TYP), UNO.

POSTEONNEX

COLUMN BASE PLATE ON
CONCRETE PIER TYPICAL
DETAIL




— Be friend with us via ...

SAVING
11 MILLION TONS
OF CARBON
ANNUALLY

LINE ID WeLoveSteelConstruction: @060tlizi

https://www.facebook.com/WeLoveSteelConstruction

N
N
N
N
N
N

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

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

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

v UCE @ v
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