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[. Design forces

flae
Il

Vix = ’Vuxl2 +Vuy12 =T,
Vuy = ’Vuxzz +Vuy22 =T,

l
Pje =+ TorC, Viex = Vux ... Parallel to X — axis,
Pje =+ TorC, Viey = Viuy ... Parallel to Y — axis,

-+ (Tension or Comperssion) ,Vyy, =+, Vyyg = -

--- (Tension or Comperssion) ,V,,, = Va2 =+

My, = \/Muxlz + Muy12 =

Muy = \/Mux 2+ Muy22 =

b gl 14

Moy = v+, Myyy = -

.’Muxz = e ’Muy2 = e

Myex = Myy ...

Myey = My, ...

Acquire the ultimate flexural strength of the column and any bracing element connected to

the baseplate

My = LIRFZ /a, = -,

Mu3,brace,x = RyZbrFy =y, Mu3,brace,y = RyZbrFy =

Acquire the ultimate Shear strength of the column and any bracing element connected to the

baseplate
Vuz = 2RyFch/(asH) = > Fch/(asH)
Vu3,brace,x = 0-9FyAbrCOS(pl Vu3,brace,y = O-9FyAbrCOS§0

Load Combination 1

P,=- Tor(C,
Vux = Min ((Vuex + Vu3,brace,x): (Vu3 + Vu3,brace,x))'

Mux = Min((Muex + Mu3,brace,x)' (Muey + Mu3,brace,y))
Load Combination 2

P,=-- Tor(C,

Vuy = Min ((Vuey + Vu3,brace,y): (Vu3 + Vu3,brace,y))'
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Muy = Min((Muey + Mu3,brace,y): (Muey + Mu3,brace,y))

2. Assume Dimensions of the Base Plate
X=Extent of the Base Plate alongside of the X-axis
Y=Extent of the Base Plate alongside of the Y-axis

3. Run the Analysis for each load Combination

Load combination 1

M
Py, Vi Myy, e = —>, Should be calculated For both Tension and Compression
Py

Load combination 1 in compression mode

_B o _ B=X,D=Y
T 2 TN

If e <ey, No tension would appear in Anchors, All of the base plate area is under
compression from concrete foundation

Py
fp frd —_ = eee
D(B — 2e)
check fp < fp‘max then the assumed dimensions for base plate is accepted
]fe > €cr
( B
P Mux 2
B fomin =55 ~ DB
P, Mazg 1z
12 P Mux 7
fomax =55+ D3
12
If fp,min > 0,
the solution is valid
Check fomax < fp'max,
If fp,min <0 ’
24
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then the solution is not valid
stress-strain equilibrium equations have to be used to analyze the base plate

The below Eq is acquired through stress-strain equilibrium equation and forces equilibrium
equations

]J T 0

x3+ax?+a,x+a;=0(1—1) e=—,n=number of Anchors to resist tensile force

“UIE

B 6nd; B
w=3(c-3) @="pCrp. w=-a(;+f)

2P(e+f)
xD (3 +f %)

check if f, < f

fp=

p,max
The assumption regarding the base plate dimensions and number of anchors are valid
Else
Either dimensions of base plate or the number of anchors should be enhanced.

According to x assess the number of Anchors involved in resisting tension, the extent of
anchors in tension shall be named n, so we can determine each anchor tensile force by
dividing the T by n

N==
n

25
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Load combination 1 in tensile mode

1P

Ty

(we)

3 2 M
x>+ ax*+ax+az; =0, e=|F|
B 6nA;

a=-3c+s) m=-T2C-p, =

x , B

PR G s W

P B x\'" ' B X

D (3+f-3) 27/73

check if f, < f

p,max

The assumption regarding the base plate dimensions and number of anchors are valid

Else

Either dimensions of base plate or the number of anchors should be enhanced.

According to x assess the number of Anchors involved in resisting tension, the extent of
anchors in tension shall be named n, so we can determine each anchor tensile force by

dividing the T by n

4. Check the tensile strength
®Nsq = QFyqAsen
If N<oN_,

The Assumed diameter of Anchors is enough
Else
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The Assumed diameter of Anchors is not enough, the process should be back to Eq 1-1
with enhanced Anchors, either number or diameter of anchors can be added to meet the
needs of tensile strength requirement

Calculate the:

T
nenN,,

5. Concrete breakout strength of anchors in tension

Nc
Ncbg = AN lIJec,Nl:l)ed,Nl:l)(_‘,N110(:p,NNb
co

ANCO = (15hef X 2)2

If Anchors are located less than 1.5h, from three or more edges, the value of hey should be greater
of aand b

Camax
AT
S

d) =

3
Ane = ((nx = 1S, +2 x 1.5 % hef) (Ca + (ny —1)Sy + 1.5 X hy)
5

NAnco > Anc 0.k, Ny = KeAg[fehif < 3.924/f:h3 -
K. = 24 for cast in place anchors

1
Ween =751 =1

(1 + 3hef)

ey = the distance between Resultant tensile force and centroid of anchors in tension,

Y.y =1 for cast in place anchors and cracked concrete —

C :
If Comax = 1.5hes Yeqn = Lelse Peqy = 0.7 + 0.3¢ Yepn = 1 Castin place anchors

Calculate
@ cbg

6. Pullout strength of a single cast in anchors
Npn = PepNp = Y p = 1 cracked concrete, N, = 84p,4fc,
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Aprg = net area of resisting headed anchors

Calculate
nYNpn

7. Concrete side face blowout headed anchors in tension

If hep < 2.5C4

Ngo = 130,Cay_[f1Apyg = 411844,

1+ %
If Cip <3Cq1 = Ngp = 4 el x 132,Caq ’fc,Abrg
Ca2
1<—<3
C

iy

a

IfS< 6Cy —S=173<6x%(60) |

s 1 +%
— Ngpg = min (1 + ). al Ngp = @Ngpg =21.7 > 21
6Cg1 4

Calculate =
rl(PNsbg

8. Shear strength
Vsa = 0.6A5cfuta = futa < 860,1.9f,4

PVsq = 0.65 Vg

Vy
(Number of anchors)QVy,

Canculate

9. Concrete breakout strength of anchors in shear

Ay
Vcbg = M_Cll"ec,Vll)ed,Vll)c,leh,VVb' Ayeo = 1-5C¢11 X 3Cqq
co

If anchors are located in narrow section of limited thickness such both edge distances Cg,
and thickness hy are less than 1.5C,; then the value of C,q shall not exceed the greatest of

d) Cqmax/2
e) 1—
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D

N
3

Aye = (Caq + (e = DSy + (1.5C41)) X (1.5C4; + (n, —1)S, + 1.5C,;)

1
L Aye < nAyco, Yecy = T 26N\
1427~

(1+322)

e, = the distance between resulatnt shear force and centroid of anchors
Caz
lpedV =0.74+0.3 ) Ca2 > 1.5Ca1 d lpedV =1
’ 1.5C44 ’

Y.y = 1if noreinforcement is used

1.5C,
Af hg <1.5C,; Ypy = W ,h, = member thickness
a
l
Vo1 = 0.620()° V[l daCai’ = =+ => Lo = hey < 8dq
a
Vo = 3TANFICLE = -+ = V) = min(Vyy, Vi) = -

Vcbg == (chbg =

. Vi

lf Vu > govcbg Vs = Z _Vcbg =

Vs = fyAsny, n,, = number of reinforced bars —»
4

(p]/rl: ¢Vcbg+v;‘:"" m:-..’

10.Concrete Pry-out strength of anchors in shear
Vepg = KepNebg =+ = @Vepg = -

If heg Z265mm - K, =2 -

Calculate
(pvcpg

11.Tension and shear interaction

IV“<02
f =0 or

n (pn

< 0.2 tension and shear interaction can be dismissed

Else

V“+ <12
oV N, ~
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i T
Ifm‘l‘(pn>1.2

N,
R ired i 1.2 r V 4
equlred — = 1.4 — d =
1 o @N, ¢ 1.2 — T
@N,

Ve =@V — (@Vepg + Vo) = -+ >

Vs = fyAsny, — n, = number of reinforcement

12. Go back to part 3 and run through all later parts for load combination 2

13.Design Stiffeners and base plate thickness

CIPLE,

g LTI T 1%

v 2
e Aj\_r )
Lot
T
L—_—i_"__'-——-q____ fonie

fi= fpl = fp;lax (x — L);fpz = fp,max - fplf

fp1BL?
2

fp2BL

M )
2

1
+§fp2BL2 , V= fplLB +

Bx, = B(tp —xp) + btn = X, =17 cm,A = bt
30
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2
b (tp — xp) t,? M 4
Z=bt(=+t,— p~2 P 4 pP Y <1and —=
<2+ P xp)n+ + ’fgoZF <lan oAF.

0.k
2 2 Y Y

Design Weld of stiffeners to base plate

Mnap+g)+3%t

X, = e Bt, , n = Number of stiffeners
b3t b 1 Bt,® ty,
I =nx E'l‘bt(tp'l'z—xc) +F+Btp(xc—?) = .-
M(xc—t—p) V+max(V v, )
O—ZTZ:“.kg/CmZ VZJXBtiz“‘ kg=>Vl= Luxsuy =

v V2
v=#=¢affu+ﬂ5gmmﬂmw Fpy = 0.6F,,0 =0

Design Weld of stiffeners to Column

— V —
T naxbx2

’

U

b3

I =—x2xn=13500 - (¥ = *|v,2 + 1,2 = 800 "9/
—EX Xn= _>vp— 7 = > V= Up + 7 = 800 cm

v
0 =tan! (—p) =57°
4

V2
v= (pan? (1 + 0.5sin(8)*%)a,,, F, = 0.6F,,
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