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I ntroduction For The Project

Thestructureisstee frame to cover area of 20x48 m2 of an
industrial building.

* Theclear height is6ém .

* Theroof isinaccessible.

* Thestrctureislocated in Egypt .

* The code used for loadsis ECP 2008 .
* The code used for design isECP 205 - 2001 .

* Steel used for design is Stedl 37 .

* concrete strength for foundation ( Fcu ) =300 Kg/cm2.
* Bearing Capacity =1.2Kg/cm2=12t/ m2

* UseHSB 0 22 Grade 10.9 For Frame Connections

* Use HSB 0 16 Grade 10.9 For Other Connections
* Usesteel 36/ 52 For Hinged Base Connection

* Craneloads capacity is8 ton

From Tables

max reaction = 6.3t @2 m
minreaction=1.8t @2 m

* Wind Load
q=0.5pV>C, C,

q=(5*1.25*30"2* 1* 1)/9.81 =57.34kg/ m2

* Liveloads
[1.I = 60- 66.6667*tan 2 = 60 - 66.6667 * 0.1 =53.33kg/ m2




Frame L oads

Dead loads

0.27 t/ m>

Low=30 KG/m?2 I cover =15 kg / m 2

6.0 et 1.5 oud .0e

Wow=Iow*S = (30 / 1000) *6 =0.18t/ m

W cover = Icover * (S/cos ) = (1(1,% *6=.09t/m
Wdl=Wow+Wcover =.18+.09 =27t/ m ri0=2im

Live loads

0.32 t/ m>

IL1 = 60- 66.6667*tan 2 = 60 - 66.6667 * 0.1 =53.33 kg / m2
WLI=IL1*S = (5333 / 1000) *6 =032t/ m

s 6.() st 1.5 el (e

2*10=20 m

Wind loads

q=157.34 kg / m2 k=1 tan 2 = (0.1
Ww=Ce*k*q *s =Ce *1*(57.34/1000) * 6 = 0.344 Ce t/ m

Wind Left

Wi1= 0.344*0.8=0.275t/ m
W2= 0344 *%0.8=0.275t/ m
W3= 0.344*05=0.172t/ m>
W4=0344*05=0.172 t/ m

Wind Right

W1= 0.344*0.8=0.275t/ m
W2= 0344 *0.8=0.275t/ m
W 3= 0.344* 0.5=0.172 t / m»
W 4= 0.344* 0.5 =0.172t / nt




Crane loads

max reaction = 6.3 t

min reaction = 1.8 t assume Io.w for C.T.G = 250 kg / m2

O.W =025t/

Rd.I=.25%6=1.5t Rd]

Vmax = Rd.l + 1.25 Rl.1
RlLI=63+63*(4/6)=105t 63t 63t

{—2
-1%;“ 6 mr o
Vmax=Rd.+1.25RL]l =1.5+1.25%10.5=14.625t
Hmax=.1RLImax=1.05t
Vmin = Rd.l + 1.25 RlL.1
RdI=15¢ Fomd'
RLI=1.8+18*(4/6)=3t '%;u ] -

Vmin=Rd.]+1.25RIl]l =15+1.25*%3=5.251
Hmin=.1RLImin=.3t




L Y —19

10%2 =20 m




Crane states

Crane left

114.625

1.05

5.251

Crane Right

15.25

14.6251

1.05




Purlins (continuous)

Dead loads

assume o.w. of purlins =50 kg / m° I cover =15 kg / m 2

Wow=(50/1000) =.05 t/m
W cover = Icover * (a/cos 2) = (15/1000) * (2/cos5.71)=.03t/ m
Wdl=Wow+ W cover =.05+.03 =.08t/ m

Wxd.l = Wd.l * sin 2
Wxd.l=.08 * sin 5.71 =.008 t / m°

Wyd.l = Wd.l * cos
Wyd.l =.08 * cos 5.71 =.08 t / m>

Live loads
Case 1

IL1=60-66.6667*tan 2¢ = 60 - 66.6667 * 0.1 =53.33 kg / m 2
WlLl=Il1*a = (5333 / 1000) *2=0.11t/ m \

Wxl.1l = WLI * sin 2
WxlLl=.11*sin5.71 =.011 t/ m

Wyll=WLI * cos 2
Wyll=.11 *cos 5.71 =.11 t/ m°

e




Case 2

100kg concetrated load

P =100 kg
Px=p *sin =
P x =(100/1000) * sin 5.71 = .01t

Py=p *cos
Py =(100/1000) * cos 5.71

dt

Wind loads

q=57.34 kg / m2 k=1

tan 22 =0.1

wind load will be sucction . study this state which can reverse the moment

Ww=Ce*Kk*q * (a/cosze)
Ww=.8*1%*(57.34/1000) * (2/c0s5.71) = .092 t/ m

Wwy = .092 t/ md
Wwx =0

,‘Wwy

Calculation of Straining action on Purlins

Dead loads
* Mx

Wyd.l = Wd.l * cos 2
Wyd.l=.08 * cos 5.71=.08 t / m

W (t/nd)




*My

W (t/n®

y

Wxd.l = Wd.l * sin 2 BMD
Wxd.] =.08 * sin 5.71 =.008 t / m 02 03
E << J);s <.0}2 S.F.D
LiVe loads Case (1) W (t/aM)
49
* M B.M.D
) .2:8 7 o
WylLl=WLI * cos 2 25 41 _
Wyll=.11* cos 5.71 =.11t/ m 41 25
* My W (t/nd)
.05
WxL1=WLI * sin AP v
Wxll=.11*sin 5.71=.011t/ m 0 04
Pﬂ%ﬁz S.FD
Case (2) le
¥ MX .06
Py=p *cos 2 ¥

Py=(100/1000) * cos 5.71 = .1t

04
S.F.D

}

Px=p *sin 2
P x=(100/1000) * sin 5.71 = .01t

P (1)

]@

.006

|

B.M.D
.01

004
S.F.D

Wind loads
* Mx

Wwy = .092 t/ md

|3

W (t/md

.23 23
B.M.D

1

34

i
i\)
_E

S.F.D
1 34

©




Straining action on Purlins

Mx | My | Qx Qy
DL | 36 4 03 | .30
L.L1| 49 5 04 | 41
LL2| 12 1 006 | .06
Wl | 41 0 0 -.34
Total |_*Ye 85 9 07 | .71
-ve -5 — | — | -.04
Design of Purlins
1 - Without tie rod
a-usel.P.E
Mx=85tecm My=9t.cm Qx=.07t Qy=.71t

* Perliminary Design

assume Zx =7 Zy
Mx/Zx + My /Zy<Fb assume Fb=.58 Fy = 1.4t/ cm2

85/7Zx +9/(Zx/7)<1.4 7Zx >105.71 cm3

Tryl.P.E#160

* Checks

1 - check of stresses

c/tf=.5%(bf-tw-2tf)/tf = .5%(8.2-.5-2%.74) / .74 = 4.21 < (16.9/\/Fy ) = 10.91
d/tw=(h-4tf)/tw=(16-4*.74)/.5 =26.08 <127 /\/Fy =81.98
Section regarding to local buckling is compact

B spacing between bolts assume 120 cm spacing
Luact=maxof—] )"y """ 600 = 120 em

Luact=120 cm

_20*bf _20*8.2 _
u —\/F_y —V2_4 105.87 cm < Lu act

800 % Ch = 800%8.2%.74*1.75
Lu*d/Af 120 * 16

Fbx=.58 * Fy = .58 * 2.4 =1.392t/cm2
Cb=1.75+1.05%(MI1/M2)+.3%(MI/M2)"2=175 A"

L

Fltb1 = =4.425t/cm2 # .58 * Fy

@)




Fby=.72*Fy = .72%2.4 =1.728 t/ cm2

(Mx/Zx)/Fbx+(My/Zy)/Fby =(85/109)/1.392+(9/16.7)/1.728= .87 t/cm2 <1.00
Safe O.K .

2 - check of shear

qQy=Qy/(d*tw) =.71/(16*.5) =.089t/cm2 <.35 * Fy = .84 t/ cm2

qx =(3/2)*(Qx /12*Af)=(3/2)*.07/(2*8.2*.74) =.0087 t/cm2 <.35*Fy=.84t/cm2
Safe O.K .

3 - check of deflection

/\ a1, =L /300 =600/300=2cm
Aact.— MLI=49 t.cm — MLI=(W * L 2)/8

W=.00109t/cm =.109t/ m
Aact. = (5%*.109 *600"4) / (384 * 2100 * 869 * 100) = 1.008 cm

Safe O.K.
Use I1.P.EZ=160
b -use U.P.N (channel section )
Mx = 85 t.cm My =9 t.cm Qx=.07t Qy=.71t

* Perliminary Design

assume Zx =7 Zy
Mx/Zx + My /Zy <Fb assume Fb=.58 Fy = 1.4 t/ cm2

85/7Zx +9/(Zx/7)<1.4  Zx>105.71 cm3
Try U. P. N# 160

* Checks
1 - check of stresses

c/tf= bf/tf= 6.5/1.05 =6.19<(23/\[Fy)= 14.85
d/tw=(h-4tf)/tw=(16-4*1.05)/.75 =15.73<190 /\/Fy =122.64
Section regarding to local buckling is noncompact

B spacing between bolts assume 120 cm spacing
Luact=maxof—] "7 """ 600 = 120 em

Luact=120 cm




_20*bf _20*6.5 _
u —\/F_y —\/2_4 83.91 cm < Lu act

800 % _ 800%6.5%1.05*1.75 _ .
Lu*d/Af Cb 120 * 16 498 t/cm2 # .58 * Fy

Fbx=.58 *Fy = .58 *2.4 =1.392t/cm2
Cb=175+1.05% (M1/M2)+.3*(M1/M2)"2=1.75 A"

L

Fltb1 =

Fby=.72*Fy = .72%2.4 =1.728 t/ cm2

(Mx/Zx)/Fbx+(My/Zy)/Fby =(85/116)/1.392+(9/18.3)/1.728=.811 t/cm2 <1.00
Safe O.K .

2 - check of shear

qy=Qy/d*tw) =.71/(16*.75) =.059t/cm2 <.35 * Fy =.84 t/ cm2
qx =(3/2)*(Qx/2*A)=(3/2)*.07/(2*6.5%1.05) =.0077 t/cm2 <.35*Fy=.84 t/cm2

Safe O.K .
3 - check of deflection

/\al. =L /300 =600/300=2 cm

Aact.—s MLI=49 t.cm — MLI=(W * L 2)/8
W =.00109t/cm =.109 t/ m

Aact. =(5%.109 * 600"4) / (384 * 2100 * 869 * 100) = 1.008 cm
Safe O.K .

Use U.P.N# 160

I.P.E U.P.N
7160 7160
15.8 Kg/ m 18.8 Kg/ m

The L.P.E section is the most economic section




2 - With tie rod

* Purlins are to be supported at thier one - third points between frames

Calculation of Straining action on Purlins

Dead loads
* Mx

Wyd.l = Wd.l * cos e
Wyd.l=.08 * cos 5.71=.08 t / m

*My

Wxd.]l = Wd.l * sin 2
Wxd.l1=.08 * sin 5.71 =.008 t / m

w gt/n?i
083 .002 .02 -002 -003
“Mzﬁ‘uu%ooﬁ.oog 1 guuuz B.M.D
01
006 -008 .008 .008 .008
Pﬁ% S.F.D
| .008 .008 .008.008 006

0

Live loads Case (1)

* Mx

WylLl=WLI * cos 2
Wyll=.11*cos 5.71=.11t/ m

*My

Wxl.l = WLI * sin e
WxLlI=.11*sin 5.71 =.011 t/ m

W (t/n®)

‘EEA .ogs .;03 .003 .304
003 -002°7002°002"002" 553 B.M.D
009 -01 .01 .01 .01 ‘OIS
S.F.D
ols .01 .01 .01 .01 .009

Case (2) le
* Mx 06
by 4:127% B.M.D
y=p * cos 2
Py = (100/1000) * cos 5.71 = .1t &m_%
- 02
* My P(t)
Px=p*sinze ﬁlm-l—m&w.b
P x =(100/1000) * sin 5.71 = .01¢ ﬁljgn—n—n—a SED

©




Wind loads B Ty

.23 23

* Mx A@W&A BMD

41

Wwy = .092t/m 34

i
i\)
_E

S.F.D
1 34

Straining action on Purlins

Mx | My | Qx Qy
D.L | 36 3 01 | .30
LL1| 49 4 |.015 | 41
L.L2| 12 4 | .006 | .06
wil | 41 0 0 -34
Total L_*Ye | 85 J 1025 .71
-ve -5 — | — | -.04
Design of Purlins
2 - With tie rod
a-usel.P.E
Mx=85tem My=.7 t.cm Qx=.025t¢ Qy=.71t
* Perliminary Design
assume Zx =7 Zy
Mx/Zx + My /Zy<Fb assume Fb=.58 Fy = 1.4 t/ cm2
85/7Zx +9/(Zx/7)<1.4 Zx > 64.214 cm3
Tryl.P.E#140
* Checks

1 - check of stresses

c/tf = .5%( bf - tw -2tf)/tf=.5%(7.3-.47-2%.69)/.69=3.95 < (16.9/\/Fy )=10.91
d/tw=(h-4tf)/tw=(14-4%.69) /.47 =23.91<127/\Fy =81.98
Section regarding to local buckling is compact

B spacing between bolts assume 120 cm spacing
Luact=maxof—] "y "" "5 600 = 120 em

@)




Luact=120 cm

20*bf _ 20*7.3
Lu = ==———=94.24 cm < Lu act
\Fy V2.4

_ 800 ., . _ 800%7.3*69%1.75 _ .
Flthl = —— = Cb 14 4.198 t/ cm2 # .58 * Fy

Fbx=.58 * Fy = .58 *2.4 =1.392t/cm2
Cb=1.75+1.05% (M1/M2)+.3%(MI1/M2)"2=175 w—A"

Fby=.72*Fy = .72%2.4 =1.728 t/ cm2

(Mx/Zx)/Fbx+(My/Zy)/Fby=(85/77.3)/1.392+(.7/12.3)/1.728=.823 t/cm2<1.00
Safe O.K .

2 - check of shear

qy=Qy/(d*tw) = .71/(14* .47) =.108 t / em2 <.35 * Fy = .84 t/ cm2
qx =(3/2)*(Qx/2 AH=(3/2)*.025/(2*7.3*.69)=.00372 t/cm2<.35*Fy=.84t/cm2

Safe O.K .
3 - check of deflection

/\all. =L /300 =600/300=2 cm

Aact.— MLI=49 t. cm — MLI=(W *LA2)/8

W =.00109t/cm =.109 t/ m

Nact.= (5 *.109 * 600~4) / (384 * 2100 * 541 * 100) = 1.62 cm

Safe O.K.

Usel.P.E#140

*IfweuseU.P.N
U.P.N 2z~ 140 is safe . which have the weight 16 kg / m
I.P.E#140have the weight 12.9 kg / m

* The I.P.E section is the most economic section




Design of Tie rod

Purlins = (12%12.9) / 20 = 7.74 kg / m2
Cover =15/ cos 22 = 15.07 kg / m2

Live load = 53.33 kg / m2

Wtotal =7.74+15.07+53.33= 76.14 kg/m2

Component of load parallel to roof=Wtotal*sina=76.14*sin5.71=7.58 kg/m2
Load on rod=7.58 * (6/3) * (20/2)=151.6 kg

Use 2.8 ton as minimum 4]
Areareq.=2.8/1.4=2 cm2 cos 2 = .995
Use 16 mm tie rod (area =2.01 cm2) sin e 20993

Force in tie between ridge purlins = 151.6 / cos & = 152.36 kg
Use 2.8 ton as minimum

Areareq.=2.8/1.4=2 cm2

Use 16 mm tie rod (area =2.01 cm2)




Design of Crane Track Girder

Dead loads

assume o.w. of C.T.G =250 kg / m®
Wow= (50 /1000) =.025 t/ m

W dl=.025t/ m
Md.l=(w*172)/8 =1.125 t.m
Qdl=w*1/2=.75t

W (t/n])

Live loads

Max reaction of crane = 6.3 t
assume impact =25 %

Case 1 ( max moment )

P=63t

MLI=13.13 t.m

ML+ =1.25*13.13 = 16.413 t.m

P(t) P
Vo

& ———a
—2.5+2—+1.5

* Lateral shock

Pl=.1*P= .63t
My =.1 ML = 1.313 t.m

o 5o
~2.5+2—+.5%

Qx=.1%10.5 =1.05t

{47—5
(L 5 )

Case 2 ( max shear)

QLI=63+6.3%(4/6)=10.5 t
QLI+ = 1.25%10.5 = 13.13 t

P(t) P
{
Y S u—— Y

Y e S

Design values

Mx = Md.l + ML+ = 1.125+16.413 = 17.538 t.m
My = 1.313 t.m

Qy =Qd.1+ QLI+I =.75 + 13.13 = 13.88 t

Qx = 1.05 t

©




* Perliminary Design

*Use HE A
assume Zx =3 Zy

Mx/Zx + My /Zy <Fb assume Fb=.58 Fy = 1.4 t/ cm2

(17.54*100) / Zx + (1.313*100) / (Zx/3)<1.4 Zx >1543.03 cm3
Try HE A #2340

* Checks

1 - check of stresses

c/tf = .5%( bf-tw-2tf)/tf = .5%(30-.95-2*%1.65)/1.65 =7.80< (16.9/\/Fy )=10.91
d/tw=(h-4tf)/tw=(33-4%1.65)/.95 =27.79 <127 /\[Fy =81.98
Section regarding to local buckling is compact

Lu act =600 cm
_20*bf _ 20 * 30

Lu VW v2——4 =387.3 cm < Lu act
Fltb1 = 800 *Cb = 800730%1.65*1.75 =3.5t/cm2 7 .58 * Fy

Lu*d/Af 60033
Fbx=.58*Fy = .58 *2.4 =1.392t/cm2

Cb=175+1.05*(M1/M2)+3*(M1/M2)*2=1.75 =

Fby=.72*Fy = .72*2.4 =1.728 t/ cm2

fact =(Mx/Zx)/Fbx+(My/Zy)/Fby
fact =(17.538%100/1678)/1.392+(1.313*100/496)/1.728= .904 t/cm2 <1.00

fe O.K.
2 - check of shear Safe O

qy=Qy/(d*tw) = 13.88/(33*.95) =44t/ cm2<.35* Fy=.84 t/ cm2
qx =(3/2)*(Qx /12*Af)=(3/2)*1.05/(2*30*1.65)=.0159 t/cm2<.35*Fy=.84t/cm2
Safe O.K .

3 - check of deflection

/\a11. =L /800 =600 /800 =.75 cm
Aact. — MLHI=16.413 t. cm — MLIHI=(W *LA2)/8
W =.0365t / cm

Aact.= (5 *.0365* 600”4) / (384 * 2100 * 27690) = 1.06 cm

unsafe




Try HE A #360

Aact. = (S *.0365* 600”4) / (384 * 2100 * 33090) = .86 cm

Try H E A %400

Aact.= (5 *.0365* 600”4) / (384 * 2100 * 45070) = .65 cm

unsafe

Safe O.K .

Use H E A #2400

©
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Design of Bracket

Max straining actions From table
M=11.7 tm Q=14.63t

* neglect normal force and design as beam
* Perliminary Design
Usel.P.E
Mx /Zx <Fb 1170/ Zx < 1.3
Zx>900 cm3

TryI.P.EZ£360
* Checks
1 - check of stresses
c/tf =.5%( bf-tw-2tf)/tf=.5* (17-.8-2*1.27)/1.27=5.38 <(16.9/\/F_y)=10.91
d/tw=(h-4tf)/tw=(36-4*%1.27)/.8 =38.65<127/\/Fy =81.98
Section regarding to local buckling is compact

Lu act =80 cm

_20*bf _20*17 _
Lul ——vF—y —\/2_4 219.47 cm > Lu act

_ 1380 Af K
Lu2 d* Fy Cb |

Cb =1.75 asae =10

_ 1380 * 17 * 1.27
33.46 * 2.4

Lu2

*1.75 = 649.28 cm > Lu act

Luact < Lul . Luact < Lu2
Fbx = .64 * Fy = 1.536 t / cm2

Mx/Zx_1170/904 _

Safe O.K .




2 - check of shear

qQy=Qy/(d*tw)=14.63/(36 * .8)=.51t/cm2 <.35* Fy =.84 t/ cm2

Safe O.K .
3 - check of deflection

/\al.=L/800 =80/800=.1cm

_pi"3  qIM
Nact=3ET v BET

q=0.w=571Kg/m=.0571t/m p=14.63t

Ix=16270 cm4 E=2100t/cm2

A, o 14.63 %803 , 0571* 8074 _ 082
act.= 3% 2100 * 16270 = 8 * 2100 * 16270 " - ™
Aall.>Aact,
Safe O.K .

Use 1.P.E#360

* If we use reduction in web depth
Q :
qall. = d* tw qall. =.35 * Fy L S
3 T
35%24= (114;63 d=21.8cm =22 cm T /




Design of Frame

Design of Column ab

design from max straining action from table and then check other states
Mmax =22.37 t. m (1) Nmax =-20.59 t (I7) Q=3.73t
design from max straining action from table and then check other states

* Perliminary Design

*Use HE A
Mx/Zx <Fb assume Fb= 1.3t/ cm2
(22.37*100) / Zx <1.3 Zx>1720.77¢cm3
Try HE A #360

A =143 cm2 h=35cm tw=1cm bf=30cm tf=1.75cm
Zx =1891 cm3 ix=152cm iy=7.43 cm

* Checks
check of stresses

c/tf=.5%(bf-tw)/tf=.5% (30-1)/ 1.75 = 8.29 < (16.9/ Fy)=10.91
web capacity = Fy * (hw -2tf) * tw =2.4%(35 - 2*1.75)*1=75.6 t > 20.59 t

®




The plastic neutral axis is inside the web

S
e

+

Fy

$h/2 -a=ad—h/2—
~—radw——

N = ((h/2)+a)-((h/2)-a) * tw * Fy =2a * tw * Fy
2059=2a*1%24 — a=429cm
edw=h/2+a-2tf — 2=.,653>.5
dw=h-4tf=35-4*1.75=28 cm

dw/tw=28 /1 =28 <(699 / (Fy*.5)) /13 2 -1 = 60.24
Section regarding to local buckling is compact

Check of lateral torsional buckling

22.08
122.32
* region 1

2 = Lu act =600 cm
cb1 =1.75

* region 2

& =-22.08/22.37=-987 Lu act=150 cm
cbl1 =1.75+1.05 2 +32"2 = 1.01




* Lu act=150 cm

_20*bf _20*30 _
Lul= —\/F_y —\/27‘ 387.3 cm > Lu act

1380 * Af Ch = 1380*30*1.75*%1.01 —871.13 em >Lu act

d * Fy 35 % 2.4

Lu2 =

* Lu act =600 cm
20 *bf 20 * 30

Lul= \/F_y = V2_—4 =387.3 cm < Lu act Calculate Fltb
_ 800 % _ 800* 30 *1.75*1.7S _ %
Fltb1 Tu*d/Af Cb 600 * 35 3.50 t/cm2 # .58 * Fy

Fbx=.58*Fy = .58*24 =1.392t/cm2

* to get Fc
— _2Ic/ Le _
Ga=10 Gb = s1g/ Lg assume Ib =2 Ic
_ Ie/7.5
Gb= 31c/10.05 =67
f%m chart Kx=1.8 Ky=1
Kx Lx 1.8 * 750
=T T 152 98482
_KyLy _ 1*200 _
=iy 743 262
Amax = 88.82

Fc=1.7-.000065 )*2 =.887 t/ cm2

_ N _ 2059 _
fca = A = 143 144 t/ cm2




* check of yielding sec 1

Al=1 Fc=1.4t/ cm2 Fbex =1.392 t/ cm2

N/A +Al * (Mx/Zx)/Fbex ) < 1.0

Jd44/14 + 1*%(0/1.536)=.103<1
Safe O.K .

* check of instability sec 4

Fex= —1200  _ 951
%x"

Al= _Cmx ~1.002
1- fca / Fex

N/A +Al * (Mx/Zx)/Fbex ) < 1.0

144 /.887 + 1.002 * ((2237/.85*%1891) /1.392) =1.16 t / cm2 <1 *1.2
Safe O.K .

* check of shear

qQy=Qy/(d*tw)=3.73/(35*1)=.107t/ cm2 < .35 * Fy = .84 t/ cm2
Safe O.K .

Use H. E . A7 360




Design of Frame

Design of Rafter bc

design from max straining action from table and then check other states

* neglect normal force and design as beam

22.08

* Design as built up section

* Design of part 1

M max =12.34 t.cm () Q =3.03 ton
h > L

24
take h =30 cm tw=1cm

®




isometry for rafter beside column

®




Check of buckling due to shear
X =0.0

_ 534 _
kq=4+ ] =4

— d / tw o Fy —
="z \/—kq 75

qall=.35Fy =.84t/ cm2

. Qt 635
gact = T tw - B85+%1 =.115t/cm2 <qall
Safe O.K .
M 12.34 * 100
Al = o Fbe ~ 97 %30 % 13 5202 cm2
2.62
Use bf = 20cm tf = %= 1.63 cm

take tf = 1.8 cm

check of stresses

¢/ tf=.5%(bf-tw)/tf=.5*% (20-1-2%1) / 1.8 =4.72 <\(15.3 / Fy)=9.88
d/tw= (30-2*1.8-2%1) / 1=\24.4 <127/ Fy =81.98
Section regarding to local buckling is compact

* Sec 1
Lu actl =201 cm Calculate Fltb
1
_20*bf _20%20 _ e s
Lu = T}’ = v2——4 =258.2 cm > Lu act o paﬁ‘/Mz
_ M1 _-10.72 _
=2 1234 Y

Cb =175+ 1.05 * (M1 /M2) +.3 * (M1/ M2 )"2 = 1.06
cb = 1.06

d * Fy 30 * 2.4 =731.4 cm >Lu act




* Sec 2
Lu actl ( from sap ) =453 cm

_20*bf _20*20 _
Lu VW —V2_4 258.2 cm < Lu act

_ M1 _
ae——MZ 0

Cb=1.75+1.05 * (M1 /M2) +.3 % (M1/M2)"2 #2.3
cb =1.75

800 . cp - 800%20%1.8%L75_5 53¢/ em2 < .58 Fy

Lu*d/Af 453 * 50

Fltb1 =

Fbx = .58* Fy=.58 * 2.4=1.392 t/cm2

% A
_1 fg"‘ 3 42%20% 1.8 % (28.2/2)°2 = 15847.6 cmd

htotal  dw + 2tf
y=—H> = 3 =15 cm

Zx =1Ix/y=15847.6/ 15 =1056.51 cm3

Ix

Mx /Zx < Fb— 12.34*100 / (.85%1056.51) = 1.374 t /cm2
<1.392%1.2=1.6704 t/cm2

safe o.k.




* Design of part 2

M max = 22.08 t.cm () Q =6.35 ton

M 22.08 * 100
A= G Fbe - 97 * h * 1.3 > h=50cm

h =50 cm tw=1cm bf =20 cm tf=1.8 cm

Check of buckling due to shear

x=0.0

_ 534 _
kq=4+ ] =4

=d/tW* Fy —
=" \IW .68

qall=.35 Fy =.84 t/ cm2

Qt _ 635
d*tw  50*1

qact = =.127t/em2 <qall

Safe O.K .

Check of stresses

% A
_1 ‘l‘g"‘ 3 42%20% 1.8 * (48.2/2)°2 =50143.1cm4

htotal dw + 2tf
y=—3 = 3 =25 cm

Zx=1Ix/y=50143.1/25 =2005.72 cm3

Mx / Zx < Fb— 22.08%100/(.85%2005.72)=1.295 t/cm2
<1.392 *1.2=1.67 t/cm2

safe o.k.

Ix




Design details

Presist > Papplied
Qt * Sf

% % % -_——

2*Sw*qw * 1.0 Tx
6.35 %20 * 1.8 * 14.1

% % % % =
2*Sw*.2%3.6*1.0 158476

Sw =.14 cm take Sw = Smin =4 mm

Use Built Up Section with

h=30/50 cm tw=1cm bf =20 cm tf=1.8 cm

thickness of weld bet. flange and web (S) =4 mm




Design of Wind Bracing

1 - HL (upper) wind bracing

50 0

max area
q=57.34 kg / m2 k=1

P=Ce*k*q *areaserved=Ce * 1 * (57.34/1000) * 2 * 4.25= 0.39 t
Ru=5*P=5*.39=1.95t Ru

D.F1 = From sap = 1.4 ton
L=Lx=\2/2+3%2 =3.61m

Ly=2*%.6*L=333m e p PP
* Perliminary Design
Use 2Ls BTB
%X <200+ ix=3a — a>6017em
*I&—<60 , d=a —> a>6.017cm
% Areq. L= prgdpn =y v g =59 em2
% a-t>30 - O0=16mm — a>533cm

* Try 2 Ls 70 * 7

®




Checks

1 - stiffness condition

L _ 361
d 7

£<200 ) =\,£ _ \f 2%42.4 _
X ix A 5%04 2.12

% =169.98 <200 safe o.k.

=51.57 <60 safe o.k.

2 - Construction condition

a-t=7-.7=693cm >30=48 cm safe o.k.

3 - check of stresses
Anet=2 (All-(O+.2)*t)=2%(9.40-2.2*.7)=15.72 cm2

_D.F_ 14 _ _
Fact. = Anet 1572 — 09t/cm2 <Fall.=1.4t/cm2

* note that the stiffness and construction requirements control
the design

Use2 Ls 70 * 7




Design of Wind Bracing

1 - VL (transversal) wind bracing

195 1
2
9
4

member 1
D.F1 = From sap = 1.95 ton
L=Lx=3m
Ly=2*.75*L=45m

* Perliminary Design

Use 2Ls BTB
*%qoo , ix=.3a — a>5cm
*I&—<60 , d=a —s a>5cm
_ D.F _ 1.95 _
% Areq. 1L = 55 g N 2 v 1.4+ .85 52 ¢m2
% a-t>30 O0=16mm — a>533cm

* Try 2 Ls 60 * 6




Checks

1 - stiffness condition

L _ 300
d 6

LX 500 wo | _\[27228 _
ix VA 27691  1'2

% =164.84 <200 safe o.k.

Iy =2 * (22.8+6.91 * (1.69 + .5)*2) = 111.88 cm4
\[y _\[111.88 _
iy = U A = | 2%601 ~ 285

% =157.80 <200 safe o.k.

=50 <60 safe o.k.

2 - Construction condition

a-t=6-.6=54cm >30=4.8cm safe o.k.

3 - check of stresses
Anet=2 (All-(0+.2)*t)=2*%(6.91-1.8%.6)=11.66 cm2

Fact. = D-F _ 1.95
aACt- = "Anet ~ 11.66

=.17t/cm2 <Fall.=1.4t/cm2

* note that the stiffness and construction requirements control
the design

Use2 Ls 60 * 6




members 2 & 3

D.F1 = From sap = 1.09 ton

L=Lx=\1.52+3%2 =335m
Ly=2%.6%L=4.02m

* Perliminary Design

Use 2Ls BTB

* X <200 s ix=.3a — a>5.58cm
*I&—<60 ., d=a —» a>5.58cm

__ DF _ __ 109  _
* Areq. 1L = oo pan "2 v 1.4+ g5 40 cm2

% a-t>30 g=16mm — a>533cm

* Try 2 Ls 60 * 6

Checks

1 - stiffness condition

ﬁ = 32 S_ 55.83 <60 safe o.k.

Lx _, . _\[Ix _\[2%2238
i <200 X dA |2+ 6.01

335
1.83 =184.42 <200 safe o.k.

Ty =2 * (22.8+6.91 * (1.69 + .5)*2) = 111.88 cm4

. _\’& _ \f 111.88 _
iy = 5691 2.85

402
585 =141.05<200 safe o.k.

®




2 - Construction condition

a-t=6-.6=54cm >30=4.8cm

3 - check of stresses
Anet=2 (All-(O+.2

_D.F_ 1.09
Fact. = A0 et = 11.66

* note that the stiffness
the design

)*t)=2%(691-1.8*%.6)=11.66 cm2
=.09t/cm2 <Fall.=1.4t/cm2

and construction requirements control

Use2 Ls 60 *6

@




member 4

D.F1 = From sap = .4 ton

L=Lx=6m
Ly=6m

Try 2 Cs No 12
Checks

1 - stiffness condition

L _ 600 _
i = 12—50<60 safe o.k.

Ty =2 * (43.2+ 17 * (1.6 + .5)"2) = 236.34 cm4

. I 236.34
=\ = 3wy~

% =227.6>200  not safe
Try 2 Cs No 16
Checks

1 - stiffness condition

L _ 600
d ~ 16

=37.5 <60 safe o.k.

Iy =2 * (85.3 + 24 * (1.84 + .5)"2) = 433.43 cm4

) 1 433.43
iv=\a = | 3raq— =3005

600 _ 199,67 <200 safe o.k.

3.01

* No need to check stresses as D.F. is very small and stifness condition
control the design

Use 2 Cs No 16




members 5 & 6

D.F1 = From sap = 2.09 ton

L=Lx=\322+3%2 =4.24m
Ly=2%*.6*L=5.09m

* Perliminary Design

Use 2Ls BTB

*%qoo » ix=3a — a>7.07cm

*I&—<60 ., d=a — a>7.07cm

D.F 209  _ goors

* Areq. 1L = 55 0SS TN 27 1.4 * .85

% a-t>30 g=16mm — a>533cm

* Try 2 Ls 80 * 8

Checks

1 - stiffness condition

L _ 424
d 8

=53 <60 safe o.k.

Lx Ix 2%72.3
— <200 ix=\\—— = \|—————— =
X ix \} A \/ %123 2.42

% =174.88 <200 safe o.k.

2 - Construction condition

a-t=8-.8=7.2cm >30=4.8cm

®




3 - check of stresses
Anet=2 (All-(©O+.2)*t)=2*(123-1.8*.8)=21.72 cm2

_D.F _ 2.09

= Anet 2172 _ 096t/ cm2 <Fall.=1.4t/cm2

safe o.k.

Fact.

* note that the stiffness and construction requirements control
the design

Use2 Ls 80 * 8

®




Design of Side Girt

own weight =20 Kg / m’
steel cover =8 Kg / m

q=57.34 kg / m2 k=1 ce=.8

Wx=Wwind=ce*k*q*a=.8%1%57.34*2/1000=.092 t / m

Mx = W81A2= 41 t.m

Wy due to dead load only

Wy=wc *a+o.w =(8/1000)*2 +20/1000 =.036 t / m"

AN
My = Wsl 2_ 162 tm

UseU.P.N

* Perliminary Design

assume Zx =7 Zy
Mx/Zx + My /Zy <Fb assume Fb =1.3 t/ cm2

41/7Zx +16.2/(Zx/7)<1.3 Zx>118.77 cm3

Try U.P.N # 160

* Checks

1 - check of stresses

c/tf = .5%( bf - tw -2tf)/tf=.5%(6.5-.75-2*.1.05)/.75=14.85 < (23/\/Fy )=14.85
d/tw=(h-4tf)/tw=(16-4*1.05)/.75 =15.73<190/\/Fy =122.64
Section regarding to local buckling is non compact

Lu act =600 cm

20*bf 20 *6.5
Lu =—F———==—"—"=83.91 cm < Lu act Calculate Fltb
\Fy V2.4

cb =1.13 from table

Fltb1 = 800 % Ch = 800%6.5%1.05*1.13

Lu*d/Af 600%11.8

=.87t/cm2 < 58 Fy

* Calculate Fltb2




84 *\} Cb _ 84 * ;‘? = 57.64

Fy
188 * g;’ = 188*\/ ;'13 =129

rt= \’—Ly

_ tf*bf "3 + (hw/6) * tw "3
B 12 12

A = bf tf + (hw tw)/6 = 8.56 cm2

Iy =24.11 cm4

=1.678

o\ =\/ 24.11

A 8.56

lu _ 600
rt  1.678

= 357.57

du_ 357575 188 «||-EP
rt Fy

12000 * cb

Fltb2 = (Lu /1072 107 t/ cm2
Fltb =\|Fltb1/2 + Flth2/2 = .88 t /cm2
Fbx = Fltb = .88 t / cm2

Fby=.58*Fy = .58*24 =1.392t/cm2

(Mx/Zx)/Fbx-+(My/Zy)/Fby=(41/116)/.88+(16.2/18.3)/1.392 =1 t/ecm2<1.00

Use U.P.N#Z 160

Safe O.K .

®




Design of End gable

/ \

9]
9]
9]
9]

q=57.34 kg / m2 k=1 ce=.8

W=Wwind=ce*k*q*s*h=.8%1%5734*5%8.5/1000=.23t/m
M=wl"2/8=2.1 m.t
N=wc*s*h+ow*h+w.tofgirts*4*s=1.17t

* Perliminary Design

LT T T T T T T T T T 7171}
a
o

*Use I.P.E
Mx/Zx <Fb assume Fb= 1.3t/ cm2
2.1*100) /Zx <1.3 7Zx >161.54 cm3

Try 1P E %200

A =28.5 cm2 h=20cm tw = .56 cm bf=10cm tf=.85cm

Zx =194 cm3 ix=825cm iy=2.23cm
* Checks

check of stresses

o/tf=.5*( bf-tw-2tf )/tf=.5%(10-.56-2*.85)/.85=4.55< (16.9/ \/Fy )=10.91
web capacity = Fy * (hw -2tf) * tw =2.4%(20 - 2*.85)*.56=24.6 t > 1.17 t




The plastic neutral axis is inside the web

e
e

a dVV

+

Fy

kh/2 -a=a+—h12—

N = ((h/2)+a)-((h/2)-a) * tw * Fy =2a * tw * Fy
1.17=2a*.56*24 — a=.44cm
edw=h/2+a-2tf — 2=53>.5
dw=h-4tf=20-4*.85=16.6 cm

dw/tw=16.6/.56 =29.64 <(699 /(Fy".5))/132-1 =76.6
Section regarding to local buckling is compact

Lx=8.5m Ly=4m
_KxLx 1*850 _
Ax = =5 = 103.03
_KyLy _ 1%400 _
== -3 - 179.37
)\ max = 179.37

Fc=7500/)"2 =.233 t/ cm2

_ N _ 117 _
fca = A = 2835 04t/ cm2

* Lu act =400 cm
20*bf _20*10

Lul= Ty =" \Vad =129.1 cm < Lu act
_ 800 * Af _ 800%10*.85*1.75 _
Fltb1 4% Lu Cb 400 * 16.6 1.79 t/ em2 # .58 Fy

Fbx =.64 * Fy = .58 * 2.4 =1.392 t / cm2

7500

Fex= ——=.233
%x"Z




Al= Cmx - 1.03

1- fca / Fex
N/A +Al1*(Mx/Zx)/Fbex)<1.0
04/.233 + 1.03 *((210/194) / 1.392) =.84t/cm2 <1

Use 1.P.E#200

Safe O.K .




Design of Girt

own weight =20 Kg / m’
steel cover =8 Kg / m

q=57.34 kg / m2 k=1 ce=.8

Wx=Wwind=ce*k*q*a=.8%1%57.34*3/1000=.138 t/ m

W81A2= 43 t.m

Mx =
Wy due to dead load only
Wy=wc *a+o.w =(8/1000)*3 +20/1000 =.044 t / m"

W81A2= 138 t.m

My =

UseU.P.N

* Perliminary Design

assume 7Zx =77y

Mx/Zx + My /Zy <Fb assume Fb=1.3t/ cm?2
43 /7Zx +11.3/(Zx/7)<1.3 Zx >93.92 cm3
Try U.P.N # 160

* Checks

1 - check of stresses

c/tf = .5%( bf - tw -2tf)/tf=.5%(6.5-.75-2%.1.05)/.75=14.85 < (23/\/Fy )=14.85
d/tw=(h-4tf)/tw=(16-4*1.05)/.75 =15.73 <190/ \/[Fy =122.64
Section regarding to local buckling is non compact

Lu act =500 cm

20 * bf _ 20 * 6.5
Lu === =——"=83.91 cm < Lu act Calculate Fltb
\Fy V2.4

cb =1.13 from table

Fltb1 = 800 % Ch = 800%6.5%1.05*1.13

Lu*d/Af 500*11.8

=1.05 t/cm2 < .58 Fy

* Calculate Fltb2




84 *\} Cb _ 84 * ;‘? = 57.64

Fy
188 * g;’ = 188*\/ ;'13 =129

rt= \’—Ly

_ tf*bf "3 + (hw/6) * tw "3
B 12 12

A = bf tf + (hw tw)/6 = 8.56 cm2

Iy =24.11 cm4

Iy =\/ 24.11

A 856 1.678

rt =

Iu _ 500

it 1678 20797

v _ 597975 188 «||-EP
rt Fy

12000 * cb
Fltb2 = (Lu /1072 153 t/ cm2
Fltb =\ Fltb1~2 + Fltb22 = 1.06 t /cm2
Fbx = Fltb =1.06 t / cm2

Fby=.58*Fy = .58 *24 =1.392t/cm2

(Mx/Zx)/Fbx+(My/Zy)/Fby=(43/116)/1.06+(13.8/18.3)/1.392=.89 t/cm2<1.00

Use U.P.N#Z 160

Safe O.K .

®




Design of Hinged base connection

Max straining actions From table

Nc=-20.18 t Xc=297t

Nc=.37t Xc=297t
Column section H. E . A #360

h=35cm b=30cm

L=35+4=39cm
B=30+4=34 cm

AN AN AN |
AN AN AN
AN AN |

AN AN AN

1 - Check of concrete material

N 20.18 * 1000
Wb= %7 = 39 * 34 =15.22 Kg /cm2 < Fall

Fall =70 kg / cm2 for Fcu =300 kg / cm2

2 - Design of plate

n=-5-8b -2.8b =5cm

m = L '2'9511 =2.875 cm

Mmax =Wb * (n”2/2) =190.234 Kg.cm/cm =.19 t.cm/cm
d=MY /I Y=tp/2 I=(1*tpr3)/12
d=.72Fy=1.728 t / cm2

) =\/6M =\/6*.19 & em
p 3 1.728 °

Use tpmin =2 cm

8 b

@




3 - design of weld

assume Sw =6 mm

Ahl=2%*.8%35%.6=33.6 cm2

Avl=4%4*30*.6+2*30*.6=064.8 cm2 g

Atot. = Avl + Ahl =98.4 cm2

%
Fweld = 'gtft _:6 9822'18 — 123 t/em2| Fweld = QO; ;,387 =123 them2
' ' < .2Fu n oo < .2Fu
qweld = A%l = %;z =.09 t/cm2 qweld = A%l = %5392 =.09 t/cm2
) <.2Fu ) <.2Fu

F =\ Fweld*2 + 3 * qweld"2

—\[123°2 + 3 *.09°2 = .199 t / cm2
<1.1* 2Fu

E AN AN |

AN AN AN AN |

AN AN SN

F =\ Fweld*2 + 3 * qweld"2

=\[.00472 + 3 * 0972
=.156t/em2 <1.1* .2Fu

4 - design of bolts

assume we use two bolts Steel 36 / 52

A
0=2+192: >5py

Atot.

Use 2 @ 16 grade 36 /52

2.97
2% (TT/4) * .25 % 5.2

=1.21 cm

5 - bolt length

Compression

L=200= 32cm




Tension

L= T
2 #TT* @ * qb
~ Feu 300
qb=.95|—— =.95|-5 =.0134¢/cm2
L= 37 = 2.74 cm

2*%3.14*1.6 *.0134

Use Lmax =32 cm




[ Design Of Hinged Base of end gable

[ project [ | [ ENG/]
Fy= 240 | ticm?® Use st 37
Fcu = 300 | Kg/cm?® bolt grade | st36/52
Nc = 1.17 ton |case1 Q= 0.98 ton
Nt = 0.00 ton case2 Q= 0.98 ton

column section properties |

h= 20.00 cm ty=| 0.56 cm
b= 10.00 cm tr=1 0.85 cm
L= 24.00 cm
B = 14.00 cm
Check of concrete
[_compression
Wb = 3.482 Kq/(;m2 Wb = 0 Kq/(;m2
Fall. = 70 Kq/(;m2 Fall. = 20 Kq/(;m2
Design of plate [
n= 3 cm
m = 2.5 cm
Mmax = 0.016 | t.cm/cm
[ _tp= | 2 | cm |

| Design of weld [

[ sw= [ 05 ] ocm |
Ahl weld = 16 cm?
Aviweld= | 18 | om?
Atotal weld =| 34 cm?
Fweld= [0.021[ t/om? Fweld=| 0 [t/om?
gweld= | 0.061| t/cm? qweld =] 0.0613 | t / cm?
| F=  [0.108] t/cm? | [ F= [0.1061]t/cm?|
[ check of weld safe | | check of weld safe |

| Design of bolt |

req. dia(@) =| 0.693 cm

selected dia=| 16 mm
[ use 20116 grade st36/52 |
[ Bolt length |
[ L= [ 32 ] cm | [L=T o [ cm

[ Use 2716 grade st36/52 with length 32 cm |




Design Of Column

a - Frame Column

N =20.18t

Pu=.35*Fcu * Ac+.67 * Fy * As

20.18 * 103 =.35*300 * 40 * 45 + .67 * 3600 * As

As = -ve

Use Asmin=.8 % * Ac=(.8/100) * 40 *45 =14.4 cm2
[Use 8 O 16]

b - End Gable Column

N =117t
Pu=.35* Fcu * Ac+.67 * Fy * As
1.17 * 1023 =.35* 300 * 40 * 45 + .67 * 3600 * As

As = -ve

Use Asmin=.8 % * Ac=(.8/100) * 20 *30 =4.8 cm2
Use4 O 16

-

@




Design Of Foundation

a - Frame Column

qall=12 t/ m2 Foundation Level = 1.5 m
Use Rc Column With Hight=1.5+.25=1.7Sm
N=20.18t , X=297t

Column Section = (34+6)* (39+6) =45 * 40

Plain Concrete

1.5Pg.s _1.5*20.18

Area=A*B=—qa == 13 =2.53 m2
A=\/Area=1.6m52m
Mfl=x*df=2.97 * 1.5 =4.46 t.m Pf1=22.08t
_ Mf1l _ 4.46
=Pl - 2321 J92m<A/6=2/6=.33 m

qmax = qa =AP—£1B[1

_ 1.15%20.18 [, 6* 192] _
_1.15*%20.18 [, , 6*.192°| _

ql = 2% 1.6 _1+ > _—12t/m2
_ 1.15%20.18 [, 6%.192] _

Check : (Fmax/Fmin )=(12/3.075)=3.9<4 For Crane Footing
take tp.c=.3 m
IDim Of P.C=2 * 1.6 * .3|

Reinforced Concrete

x=t=.3m

Al=A-2x=14m

Bl1=B-2x=1m

M1 =x*(df-tp.c)=2.97 * 1.2 =3.56 t.m

Pg.s =20.18 t
M1 _ 356
el = Pos=20.18 -176m
_ Pgs 6ell 1.5*20.18 6*.17
AI*BIE ] > 2 E+ 6] 37.93 t / m2

&)




__Pgs 6el|_1.5%*20.18 6* 17
1*B1|:1 A:|_ 141 |:1 6:' 5.313 t/ m2

3= 5313+-22 925 [3793 5313] 26.86 t / em2 ‘ ‘

o d—

—475— 925

M, = 26.86 *

2
[14 45

2
+(37.93 - 2686)*[14 AS 1. 2

3

2
93 +O. -.
M= | 3935533 L4 | o

_o\M *\/7.73*10A5 _
d=cl Feu " b 5 300 * 100 35.38 cm

d=40 cm t=45 cm

Dim OfR.C=14*%1%* 45

Check of shear

(4= 5313 +1325 325 [37 93 - 5. 313] 36.183 t / cm2 ‘ ‘

{ 37.93 er 5.313} . 1 -2.4 _ 4J ~ ve 1325

B [ 37.93 + 36.1ﬂ
- 2

F
qeu =.75%| 75 = 10.61 Kg / em2

Qs, _ 2.78*10"3
bd 100 * 40

qsu =

=.695 Kg / cm2 <10.61
Safe O.K.

=7.73 t.m/m




Check of punching

Qp = 1.5 * 20.18 - [3793 2* 5-31] % ((45+.4)*(4+.4)) = 15.57t

Ap = .4 * 2 * ((4+.4)+(.45+.4)) = 1.32 m2

g = Q0 _ 15575103
Ap 1.32 % 1074

_ % _Feu _ *\/ Fcu \/ Fcu
qcup = (.5 + a/b) \/—1.5 1.39 15 b 15

qeup = ng“ = 14.14 kg/ cm2

= 1.18 Kg / cm2

qp < qcup
Safe O.K .

Footing Reinforcement

793¢ 10°5 .
As, = 3600 * 826 * 40 6.50 cm2 / m
As = — A TL07S e om2/m

3600 * .826 * 40
Asmin=.15% *b*t=(.15/100) * 100 * 45=6.75S cm2 / m

Use 6 @ 12/ m’ in both direction




Design Of Foundation

b - End Gable Column
qall=12 t / m2 Foundation Level = 1.5 m
Use Rc Column With Hight=1.5+.25=1.7S m
N=1.17t , X=.98t
Column Section = (24+6)* (14+6) =30 * 20

Plain Concrete

*
Area=A *B= 1.5qzll’g.s 13 121°17 =.15 m2

take A=1.6m , B=1.6m , t=3m

Reinforced Concrete

Xx=t=.3m
Al=1m , B=1m , t=.3m

Footing Reinforcement

Asmin=.15% *b*t=(.15/100) * 100 * 45=6.75 cm2 / m

Use 6 O 12 / m’ in both direction

@




Connections

1 - connection of frame

a - beam to column connection

22.08

22.08

* Column section properties H E AZ2360
h =35 cm b =30 cm tw=1cm tf=1.75 cm

* Beam section properties B U S

h =46.4 cm b=20 cm tw=1cm tf =%

Use Sweb weld= 1cm
Use Sfl. weld= 1.8cm y 22.0

take Sw = 1cm N/A Ftop —20—— ,*A
Aweld = 2%20*%1.8+4%7.7*1.8  — s ]”/- I ] l
+2%42%1 =211.44 cm?2 1 L i 2




Iweld=2%20%1.8%25.9/2+4*7.7%1.8%22.3"2+2*(1*42"3/12)=88216.08cm4
Check of weld at point A

Fweld = 2 +-1X*y

Fweld = 2ﬁ°.i o %@;}f&};ﬂﬂ “268 =-0078+6TI=G64Uem2
Safe O.K.

Check of weld at point B

Fweld = N~ +-MX*y

-1.5 22.08 * 100 . — —
Fweld = + 21 =-.0078+.526=.519t/cm2
211.44 88216.08 <AFu="72t/cm2

Safe O.K .

Aweb weld =2 * 42 * 1 =84 cm2

qweld = %= 076 t/ cm2

Feq = |Fweld*2 + qweld*2 =.525t/em2 <L.1* .2Fu=792 t/em2

Safe O.K.
Check of weld of flange
T= 1(\1/[ + 1; = 2428{3 + '12'5 =45.06 t
Aflange weld =20*1.8 +2 * 7.7 * 1.8 = 63.72 cm2
Fweld =3399= 71 t/ em2 <.2 Fu =72 t/ em2

Safe O.K .

©




* Check of weld for case that M = 13.57 m.t in the opposite direction

M N _ 1357 , -15 _
T= d + 5 = 48.2+ > =274t

Check of weld of flange

Aflange weld =20*1.8 +2 * 7.7 * 1.8 = 63.72 cm2

274

Fweld = G2

=43t/ cm2<.2Fu=.72t/cm2
Safe O.K .

* other checks will be safe

©




Design of high strength bolts

* Use M22 Grade 10.9

M . N _ 2208  -15
IT=-q *t3 ="4827732

=45.06 t

From Table T=19.08t ps=7.27t

Text,b,m + Textb+ P <.8T
Text,b,m + Text,b <.7T

45.06
Use4 M 22 (2 bolts * 2 rows )
fl 20
2
£ ] 1L
f3 - +oF
- +F

fS ﬂ%

4 JSEF

3.9~

8
~3.9+3.
1.8 1.8

®




20*68"3

Ix=""+5 =524053.33 cm4
_22.08*100*34 _
_22.08 100 *24.7 _
_ N _ 392 _
Textbm =113 2935 29 x5 — = 11.49 ¢
1.5

Text,b =70~ -15t/ cm2

Text,b,m + Textb+ P <.8T
11.49-.15+P<.8T=.8 *19.08 = 15.26

safe under prying foce P <3.92 t

* row 2

22.08 * 100 * 154
524053.33 =.065t/cm2

2 '2|' f3 . 9.3 * 20 * LZ =17.86 t < Text,b,m of row 1

f3=

Text,b,m =

*row 3

Text,b,m =% % 15.4 % 20 * iz =5.01t <Text,b,m of row 1

Check of shear

Qb<Ps(1-Texb/T)—> N=-ve ———> Qb <Ps

Qb=%=.64t<7.27t

Safe O.K .

®




Design of End plate

L=33+3*1.8+33=12cm T =45.06t

M = TSL - 45'“3 *12 _ 6856 t.cm

\[6M ‘\/ 6% 6756 _
tep ‘\j bFall | 20%1.4 _ >804cm

Use tep = 3.8 cm

Check of prying force

tep=38cm , w=10cm , a=3.3cm
b=33cm , As =3.03 cm2

*
Text,b,m = (22.086 100) /48.2 _ 763 t

[ 1 w tp "4 ) T
2 "\ 30aAsb”2

P= tp "4
%><4Lb+ 1)+( ;VO EAS b~2)

P=-08*7.63=-vet

* Text,b,m

Safe O.K .

Use Plate 680 * 200 * 38

Check of crippling of column

L=tth +2 tep +5K where K =2 tfc
L=18+2%38+5*2%1.75=26.9 cm
Risisting area =L * twc =26.9 * 1 =26.9 cm2
Applied area = bftb * tfb =20 * 1.8 = 36 cm2
Risisting area < Applied area not safe
Use Stiffners

®




bst=.5* (bfc - twc ) =14.5 cm
2bst tst = Applied area - Risisting area

tst=.31 cm

check of local buckling bst/ tst = 14.5/.32 =45.3> 25/\/Fy =16.13

take tst=1.2 cm

not safe

bst/ tst = 14.5/1.2=12.08 > 25/\Fy =16.13

Check of column flange

bb*tb =2.4 cm

tfic=1.75cm< 4

not safe
Use two Stiffners as before
Check of distorsion
. M /db _

twe=1cm < .35*Fy*hc_1'6cm
Use doupler plate

M /db - twe

t of one plate = 35 * Fyz* he

t of one plate =.3 cm

Safe O.K .

®




* Check of bolts for case that M = 13.57 m.t in the opposite direction

13.57 * 100 * 34

_ 13.57 %100 * 23.5 _
_ N _ 392 _

Textbm =4 105520 53— =78+

*row 2

Text,b,m =% %935 % 20 * iz —7.17 ¢

Text,b =11—'{;5= -15t/ cm2

Text,b,m + Textb+P<.8T
78-15+P<.8T=.8 *19.08 =15.26

safe under prying foce P <8.24 t

Check of prying force

tep=38cm , w=10cm , a=39cm
b=3.9cm , As =3.03 cm2

%
Text,b,m = (13.574 100)/482 _ 4

1 w tp 4 >
2 "\ 30aAsb”2

%X%tﬁ 1)+( ;VO zll)As b~3)

P=.086*7.04=.6t<8.24t
Safe O.K .

* Text,b,m




Check of crippling of column

L=tth +2 tep +5K where K =2 tfc
L=18+2%38+5%2%*1.75=26.9 cm
Risisting area =L * twc =26.9 * 1 =26.9 cm2
Applied area = bfb * tfb =20 * 1.8 = 36 cm2
Risisting area < Applied area not safe
Use Stiffners

bst =.5 * (bfc - twc ) =14.5 cm
2bst tst = Applied area - Risisting area

tst=.31 cm

check of local buckling bst / tst = 14.5/.32=45.3> 25/\/Fy =16.13

take tst =1.2 cm

bst/ tst = 14.5/1.2=12.08 > 25/\Fy =16.13

not safe

Safe O.K .

Check of column flange

tfc=1.75cm < .4\|bb*tb =2.4 cm

not safe
Use two Stiffners as before
Check of distorsion
_ M /db .
twe=1cm > .35*Fy*hc_'96cm
Safe O.K .




b - beam to beam connection

* Beam section properties B U S
h=55cm b=16 cm tw=1cm tf=1cm

——— P
Use Sweb weld= 1cm s >
Use Sfl. weld=1.8cm

N/A Ftop - 6 *A
Aweld = 2%20%1.8 + 4*7.7%1.8 e lll
1l

+2%22%1 =171.44 cm2

AN AN AN AN AN

Iweld = 2*%20*%1.8%*15.972+4*7.7%1.8%12.3”2 + 2*(1*22"3/12) =28364.5cm4
Check of weld at point A

_ -N MX*
Fweld = A + Ix y

_ 292 12345100 4 16 oo 0174 722
Fweld = 32+ —esea - 16.8=-.017+.73=714 t/<c.liléu=.72t/cm2

Safe O.K .

Check of weld at point B

-N MX*
A + Ix y

-2.92 12.34* 100 . {4 — —
Fweld = + 11 =-.017+..479=.46 t/cm2
171.44 ° 28364.5 <AFu=.72t/cm2

Safe O.K .

Fweld =




Aweb weld =2 * 22 * 1 =44 cm2
qweld = %= 015t/ cm2

Feq = VFweld*2 + qweld*2 =.46 t/cm2 <1.1% .2Fu=.792 t/em2

Safe O.K .
Check of weld of flange
T= 1(\1/[ + 1; = 1225’.‘2‘ + '22'92 =423t
Aflange weld =20*1.8 +2 * 7.7 *1.8 = 63.72 cm2
Fweld =152, =.664 t/ cm2<.2 Fu=.72 t/ cm2

Safe O.K .

®




Design of high strength bolts

* Use M22 Grade 10.9

T = M | N _ 1234  -2.92

=4 T3 T g2t —423t

From Table T=19.08t ps=7.27t

Text,b,m + Textb+ P <.8T
Text,b,m + Text,b <.7T

42.3

n=

Use4 M 22 (2 bolts * 2 rows )

20

~»
J

1.8
ﬁ3.3+3.3+“l*“-
1.8 1.8

©




_ 2046”3

Ix 12 =162226.67 cm4

_ 1234 *100*23 _

_ 1234 %100 *13.7 _

1
Text,b,m =ﬂ—;—f2* 9.3 %20 %5 = 12.97 t
* row 2
Text,b,m = —5— % 13.7 * 20 * 5= 7.124 t< Text,b,m of row 1
N 3

Fn = A 16*70=.0027t/cm2

Text,b =26£= -487 t / cm2

Text,b,m + Textb+ P <.8T
12.97 - 487+ P <.8 T=.8 * 19.08 = 15.264
safe under prying foce P <2.78 t

Check of shear

Qb<Ps(1-Tex,p/ T)——> N=-ve ——> Qb <Ps

Qb=-80 = 11¢<727¢

Safe O.K .

Design of End plate

L=33+3*18+33=12cm T =42.3t

%
m=TL— 42'38 12 _ 63.45 t.em

\[6M _\/ 6% 63.45 _
tep ‘\/ bFall | 20%1.4 _>08¢m

Use tep = 3.8 cm




Check of prying force

tep=38m , w=10cm , a=3.3cm
b=33cm , As =3.03 cm2
%
Text,b,m = (12.34 1400)/28.2 —10.94 t
R 1 w tp "4 > ]

2 "\ 30aAsb”2 )

P= (ﬁ)(i_l_l)_F(th A4 ) Text,b,m
3b/\4b 30 a As b2
P =-.088 * 10.94 = -ve
Safe O.K .

Use Plate 460 * 200 * 38




2 - Design Of Bracket - Column Connection

* Column section properties H E AZ£360

h=35cm b =30 cm tw=1cm tf=1.75 cm
* Beam section properties 1 P EZ£360

h =36 cm b=17 cm tw=.8 cm tf=1.27 cm

Use Sw fl1=1.27cm 14.63
Use Sw web=.86cm
11.70
1.05 S
take Sw = 1cm N/A Ftopi ——— 18— ?A
Aweld = 2%17%1.27+4%6.83%1.27 e ll |
+2%30.92*%.86 = 127.35 cm2 10 e
i |




Iweld = 2*17*%1.27%18.64"2 + 4%6.83%1.27%16.1"2 + 2*(.86*30.92"3/12)

=27937.99cm4
Check of weld at point A
_ N Mx *
Fweld = A T Y

1.05 11.70 * 100 — —
Fweld = + 19.27 =.0085+..807=.816t/cm2

not safe
Use I P EZ 400 For Bracket
* Beam section properties I P EZ£400
h=40 cm b=18 cm tw =.86 cm tf=1.35cm
Use Sw fl1 = 1.35¢m
Ft 8 A
Use Sw web=.86cm N/A op —— A?
T
g dfams
—7.20—

Aweld = 2*%18*%1.35+4*%7.2%1.35+ 2%*34.6*%.86 = 146.992 cm?2

Iweld = 2*18*%1.35%20.68"2 + 4*7.2%1.35%17.98"2 + 2*(.86%34.6"3/12)
=39273.61 cm4

Check of weld at point A
_ N Mx *
Fweld = A T Y

1.05 11.70 * 100 — —
Fweld = + 31.25 =.0071+.6359=.643 t/cm2
146.9 = 39273.61 <2Fu="72t/cm?

Safe O.K .




Check of weld at point B

_ N MX ..
1.05 . 11.70 * 100 .. _ _
Fweld = + 17.3=.0071+.515=.522 t/cm2
146.9" 39273.61 <.2Fu=.72t/cm2

Safe O.K

Aweb weld =2 * 34.6 * .86 = 59.512 cm2

qweld = %ﬁz= 2458 t / cm2

Feq =\/Fweld"2 + qweld?2 =.577t/cm2 <1.1*.2Fu =.792 t/cm2
Safe O.K.

Check of weld of flange

_ M N _ 1170, 1.05
T="a "2 =3865" 2
Aflange weld = 18%1.35+2 * 7.2 * 1.35 =43.74 cm2

30.797
43.74

=30.797 t

Fweld =

=704t/ cm2<.2Fu=.72t/cm2
Safe O.K .




Design of high strength bolts

* Use M22 Grade 10.9

_ M N _ 1170, 1.05 _
T= d T3 =3865 T2 =30.797 t

From Table T=19.08t ps=7.27t

Text,b,m + Textb+ P <.8T
Text,b,m + Text,b <.7T

30.797

Use4 M 22 (2 bolts * 2 rows )

o
@®

f1

1.3 35
~3. 3.3—>—3.3—
1.35

~3.3—~




18 * 5473

Ix=—"73 =236196 cm4
_ 11.70 * 100 * 27 _
_ 11.70 * 100 * 18.37 _
1
Text,b,m =1+ 8,625 * 16 * 5 = 8.38 ¢

N 1.05

Fn = A 18*54=.0011t/cm2

Text,b =léﬁ= A75t/ cm2

Text,b,m + Textb+ P <.8T
838+.175+ P <.8 T=.8 * 19.08 = 15.26
safe under prying foce P <6.705 t

*row 2
Text,b,m = —2— * 18.375 % 18 * —-=6.78 t < Text,b,m of row 1
Safe O.K .
Check of shear
Qb <Ps(1-Texb/T)—> Tex,b =1.05/6=.175t
Qb=-"1393=2.44 ¢<7.27% (1-(.175/19.08)) =720 ¢
Safe O.K .

Design of End plate
L =2%3.3 +3 * 1.35 = 10.65 cm T =30.797 t
M=TL_30.797*10.65 _ 40 999 em

\[6M _\/ 6% 40.999 _
tep ‘\/ bFall | 18% 1.4  >-12¢cm

Use tep =3.2 cm




Check of prying force

tep=32m , w=9cm , a=3.3cm
b=33cm , As =3.03 cm2
_ (11.70 * 100) / 38.65 _
Text,b,m = 4 =757t
R 1 w tp "4 > ]
2 "\ 30aAsb”2 )
P= (ﬁ)(i_l_l)_l_(“’tp A4 ) Text,b,m
3b/\4b 30 a As b2

P=.172*%7.57 =1.303t<6.705t
Safe O.K .

Use Plate 540 * 180 * 32

Check of crippling of column

L =tfb + 2 tep + 5SK where K =2 tfc
L=135+2%32+5%2*1.75=25.25cm
Risisting area = L * twe = 25.25 * 1 = 25.25 cm2
Applied area = bfb * tfb = 18 * 1.35 = 24.3 cm2
Risisting area > Applied area Safe O.K.

no need to use stiffners

Check of column flange

tftb=1.75 cm <.4\(bb*tb =1.97 cm
not safe

Use minimum stifnners bst =14.5c¢cm tst=1.2cm

Check of distorsion
twe=1cm <

M /db

35 * Fy * he 1.0°em

Safe O.K .

©



3 - Design Of Connection Of Bracing

a - HL. ( Upper ) Bracing

Use M 16 Grade 4.6

Fub=4t/cm2 , thickness of plate (t) =10 mm
*member1 D.F=140t 2Ls 70 *7 BTB continuous
*member2 D.F=140t 2Ls 70 *7 BTB  separated

st

*Rsh=2*TT/4 *Q*2* qb
Rsh=2*TT/4%1.6"2 % 25%4=4.02t

* Rb =0 % tmin * Fb Where Fb = 2 Fu 2=.6 asel=150
Rb=1.6*.7*%.6%3.6 =242t
Rmin=2.42t
nreq.> RDmEI = ; 23 = .58 bolt

Use minimum bolts = 2 bolts

@




b - VL ( Transeversal ) Bracing

Connection 1

Use M 16 Grade 4.6
Fub=4t/cm2 , thickness of plate (t) =10 mm
*member1 D.F=195t 2Ls 60 * 6 BTB continuous

*member2 D.F=1.09t 2Ls 60 * 6 BTB separated
*member3 D.F=1.09t 2Ls 60 * 6 BTB separated

1

TN

*Rsh=2*TT/4 *O"2* qb
Rsh=2*TT/4 *1.6"2 * 25*4=4.02t

*Rb=0% tmin * Fb Where Fb = 2 Fu 2=.6 asel=1.5
Rb=1.6*.6*%.6%3.6 =2.07t

Rmin =2.07 t

D.F _ 195 _
nreq.>po=r="507 - 94 bolt

Use minimum bolts = 2 bolts




Connection 2

Use M 16 Grade 4.6
Fub=4t/cm2 , thickness of plate (t) =10 mm

* member 1 is the column
*member2 D.F=1.09t 2Ls 60 * 6 BTB separeted

*member3 D.F=.4t 2Cs No 16 BTB separated
*member4 D.F=2.09t 2Ls 80 * 8 BTB separated

*Rsh=2*TT/4 *O"2 * qb
Rsh=2*T7/4 *1.6"2* 25%4=4.02t

* Rb=0%* tmin * Fb Where Fb = 2 Fu 2=.6 asel=1.5
Rb=16*.6*%.6%3.6 =2.07t

Rmin =2.07 t

D.F _ 2.09 _
nreq. > prer =507 - 1.01 bolt

Use minimum bolts = 2 bolts

®




Connection 4

Use M 16 Grade 4.6
Fub=4t/cm2 , thickness of plate (t) =10 mm
*member1 D.F=0.0t 2Ls 60 * 6 BTB continuous

*member2 D.F=2.09t 2Ls 80 * 8 BTB separeted

*Rsh=2*TT/4 *O"2* qb
Rsh=2*TT/4 *1.6"2* 25*4=4.02t

* Rb=0%* tmin * Fb Where Fb = 2 Fu 2=.6 asel=1.5
Rb=1.6%*.6%.6*3.6 =2.07t

Rmin=2.07t
D.F _ 2.09 _
Rmin ~ 2.07 1.01 bolt

Use minimum bolts = 2 bolts
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Connection 5

Use M 16 Grade 4.6
Fub=4t/cm2 , thickness of plate (t) =10 mm

* member 1 is the column
*member2 D.F=2.09t 2Ls 80 * 8 BTB separeted

o~

*Rsh=2*TT/4 *O"2* qb
Rsh=2*TT/4 *1.6"2* 25*4=4.02t

* Rb=0%* tmin * Fb Where Fb = 2 Fu 2=.6 asel=1.5
Rb=1.6*.8%.6*3.6 =2.76t

Rmin=2.76t
D.F _ 2.09 _
Rmin 2.76 76 bolt

Use minimum bolts = 2 bolts
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