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Mo Job Preferences 7 >
ﬁ’ E X .K | LUAY STANDARD DEFLUTE v|
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Pl Job Preferences ? >
ﬁ' E X * | LUAY STANDARD DEFLUTE w |
(= Units and Formats ~

Dimensions
o Forces
i Other Force: |H'"I V| p.21 |l||L|
t... Unit Edition
- Materials
] ap
Steel and timber s
Vehide loads
----- Standard loads
----- Building soils Stresses: I:I h'zl |l||L|
----- Bolts v
€ >
e Open default parameters
E,& Save current parameters as default I 0K | | Cancel | | Help |
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Title Description units
Force : 54l KN
Moment: sl Kn.m
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Title Description units
Displacement : L sl mm
Angle / Rotation data: umﬂ;&%i;;ﬂf\ Olos %5l degree
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Diameter of reinforced concrete | Al Al aacaill 8 addiial) salodll aas ol mm
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[ Material Definition ? X
Steel | Congete  Aluminum  Timber Other
Mame: Desiption: | Carbon Fy 36 ksi
Elasticty Resistance
Young medulus, E: {MPa) |Characterisﬁc v | {MPa)
Poisson ratio, v: Reduction factor for shear:
Shear modulus, G: (MPa} || Limit strength for tension: {(MPa)
Spedfic weight (unit weight): {kN/m3)
) ) ] Annealed steel
Thermal expansion coeffident: (1f°C)
Damping ratio:
Add I | Delete | | 0K | ‘ Cancel | | Help |
Title Description units
Young modulus of elasticity, E : Ll 455 5all Jalae MPa
Poisson Ratio, v: Ognd sy A -
Shear modulus ,G: pall Gadll Jalas MPa
Specific weight (unit weight) paall e gl ol kN/m®
Thermal expansion coefficient @)l 2aadll Jalas 1/C°
Damping ratio el Jalaa -
Resistance i
. paall e gadll algal MPa
Steel bar (yield strength) S e
Reduction factor for shear yaall (& aill alsil) Jalxs -
Limit strength for tension 2l 3 gall 2 saa MPa

(Young's Modulus) &g Jasa Lasl e (Elastic Modulus or Modulus of Elasticity) Ggyall Jalaa -1
R ga p i duleal gl e ey, Y1 slea) inie b el Y1 s 5al dia sa
(de\ ‘&}wuyy\&csah&ﬁdabue/ P g (R (gﬁ) G_'aﬁd.qbu'&.l;} ¢ Jayl L.;\ AgaY)
G ) Il bl 2 les sl 1727 (A osh 38 IS asedall of W) e el 8 G (g )
Giladl J - 1782 & S il sn () allall Ll sl el diigay K g dalae o seie i
S0 (210000-19000) G L sl cball g gllaal) soall cliyy dabas 350n Ao (5 pdie 5 (uady Kign

Jsal

) (g oadl etV G Al (A 5 G sl 53 O spamms allall ) Aass PoiSSON'S ratio) A ulasYb) O ssl 5 A e
o Lgld cclalas¥) aal b salall a5 Ladie Balall 8 45 all 250a Gaua alga) Al e i Laxie skl Jlaisy)
Cmalad¥l L aaa o ) Jaad Ll clalas¥) aal 8 sal) dasal Laie (oSl e ¢ A Y eV 8 palidl) )
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http://www.marefa.org/%D9%85%D9%86%D8%AD%D9%86%D9%89_%D8%A7%D9%84%D8%A5%D8%AC%D9%87%D8%A7%D8%AF_%D9%88_%D8%A7%D9%84%D8%A7%D9%86%D9%81%D8%B9%D8%A7%D9%84
http://www.marefa.org/%D9%85%D9%86%D8%AD%D9%86%D9%89_%D8%A7%D9%84%D8%A5%D8%AC%D9%87%D8%A7%D8%AF_%D9%88_%D8%A7%D9%84%D8%A7%D9%86%D9%81%D8%B9%D8%A7%D9%84
http://www.marefa.org/%D8%AA%D9%88%D9%85%D8%A7%D8%B3_%D9%8A%D9%88%D9%86%DA%AF
http://www.marefa.org/%D8%AA%D9%88%D9%85%D8%A7%D8%B3_%D9%8A%D9%88%D9%86%DA%AF
http://www.marefa.org/%D9%84%D9%8A%D9%88%D9%86%D9%87%D8%A7%D8%B1%D8%AF_%D8%A7%D9%88%D9%8A%D9%84%D8%B1
http://www.marefa.org/%D9%84%D9%8A%D9%88%D9%86%D9%87%D8%A7%D8%B1%D8%AF_%D8%A7%D9%88%D9%8A%D9%84%D8%B1
http://www.marefa.org/index.php?title=%D8%AC%D9%88%D8%B1%D8%AF%D8%A7%D9%86%D9%88_%D8%B1%D9%8A%D9%83%D8%A7%D8%AA%D9%8A&action=edit&redlink=1
http://www.marefa.org/index.php?title=%D8%AC%D9%88%D8%B1%D8%AF%D8%A7%D9%86%D9%88_%D8%B1%D9%8A%D9%83%D8%A7%D8%AA%D9%8A&action=edit&redlink=1
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Bl 5 tne Bale (Y (gl 0 Apess 0585 () S Y il g 2l Jaall 136 Gl (& (V) @osmel 52 A RESTRRT R
0.5 A 0.0 250n (8 L (gl 0 Aad 55 ) gl alana 5 <0.5 e S) 51 1.0- (1

B30l oY Jelras oS dalae SIS 6 gl Jalra Gl ey o) pall (Sl 8 A0 38 AueS ool Jalaa -3

oz dad ISl s (& Gl Jalea (el 3as 5, il Jladil 5 il sl s dpntll Jiad 3ale 6V 40 b dpalas
LJul 1K (82000-75000) o e sl i liall & gUaall paall adll

el 5 elseSl @ : Jie il s gy Sdee dlla K8 o osad 1yl JB e 431 L caaill all LG -4

Jaxa ,lall dayn s (Ll Guliall ) delge &30 o 4idid die Gaeall Axdad (ulie 3 5ol 30 adiatug
Lyie 5 ya Aa ) laa ol daally Logee ands caole Y s sa 5 okl aaail) JaleaS saaill Jare <o yay s (L2203
.(0.000012- 0.000011) 0 Lo s sl aainal) )15 Ul Culed sed las o) Ll 4y ) (S 4l (g0 2L
Jlea¥! g Al il 3) 5aY) Gabomial 3 aaall 4L e Glie it

-5

1> 4gal 5lé (Concrete) Aluall Gady L Ll

[ Material Definition K -
Steel | Conaete | Aluminum | Timber = Other
Name: COMNCR. w Desciption: | Default Conaete fic=3.5 ksi
Elastidty Resistance
Young modulus, E: (Pa) | Characteristic v|[2z60 | (vpa)
Poisson ratio;, v:
Shear modulus, G: (MPa) | Sample: |Cy1ir1driml ~ |
Spedfic weight {unit weight): {(kN/m3)
Thermal expansion coeffident: (1/=C)
Damping ratio:
Add | | Delete | | 0K | | Cancel | | Help
Title Description units
Young modulus of elasticity, E : Al AN 45 5 yall Jalaa MPa
Poisson Ratio, Vv: O ) g9 Al -
Shear modulus ,G: Ala Al (adll Jalzs MPa
Specific weight (unit weight) Al ,all e gl o 55l kN/m?®
Thermal expansion coefficient sl 2aadll Jalaa 1/c°
Damping ratio Leddll Jalae -
Resistance . i
. . Ala Al aleai) algal MPa
Ultimate Compressive Strength A =
Al Al ) gauy) e adiag éﬂf\y‘ eU:'..ﬂ\
Sample Cylinder alail) Lal &l jall Laleicasl da slie ayaa -
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https://ar.wikipedia.org/wiki/%D9%85%D9%8A%D9%83%D8%A7%D9%86%D9%8A%D9%83%D8%A7_%D8%A7%D9%84%D9%85%D9%88%D8%A7%D8%AF
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https://ar.wikipedia.org/wiki/%D8%B4%D8%A7%D8%B1%D9%84_%D8%A3%D9%88%D8%BA%D8%B3%D8%AA%D8%A7%D9%86_%D8%AF%D9%8A_%D9%83%D9%88%D9%84%D9%88%D9%85
https://ar.wikipedia.org/wiki/%D8%A7%D8%AC%D9%87%D8%A7%D8%AF_%D8%A7%D9%84%D9%82%D8%B5
https://ar.wikipedia.org/wiki/%D8%A7%D8%AC%D9%87%D8%A7%D8%AF_%D8%A7%D9%84%D9%82%D8%B5
https://ar.wikipedia.org/w/index.php?title=%D8%A7%D9%86%D9%81%D8%B9%D8%A7%D9%84_%D8%A7%D9%84%D9%82%D8%B5&action=edit&redlink=1
https://ar.wikipedia.org/w/index.php?title=%D8%A7%D9%86%D9%81%D8%B9%D8%A7%D9%84_%D8%A7%D9%84%D9%82%D8%B5&action=edit&redlink=1
https://ar.wikipedia.org/wiki/%D9%88%D8%AD%D8%AF%D8%A9_%D9%82%D9%8A%D8%A7%D8%B3
https://ar.wikipedia.org/wiki/%D9%88%D8%AD%D8%AF%D8%A9_%D9%82%D9%8A%D8%A7%D8%B3
https://ar.wikipedia.org/wiki/%D8%A8%D8%A7%D8%B3%D9%83%D8%A7%D9%84_(%D9%88%D8%AD%D8%AF%D8%A9)
https://ar.wikipedia.org/wiki/%D8%A8%D8%A7%D8%B3%D9%83%D8%A7%D9%84_(%D9%88%D8%AD%D8%AF%D8%A9)
https://ar.wikipedia.org/wiki/%D8%AA%D8%B1%D8%AF%D8%AF
https://ar.wikipedia.org/wiki/%D8%AA%D8%B1%D8%AF%D8%AF
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: GldaaS

A Aaneall Aslaall (pe canend Auokall AEESH 5 ) 5 sl €3 Al Al 5 el Juelaa -1
Ec= 4700 (f.)°° inSI-Unit or Ec=4400 (Fey )*?
F'c (cylinder) and Fcu (cube)

A el (o Caneny (G ) Al 3l il Jalae -2
G=( E /2(1+V))

Jea s Al 5 all JlaaYL alall 2 < gabdl) G halae] Gl Al 22y 42 55
Appaal) 5lia sl Gl 5

FH Job Preferences 7 W
ﬁ, E }( * | LUAY STANDARD DEFLUTE vl
Bl Databases Y

- Steel and timber = H ’__I H
o
- Wehide loads a I_[a
-~ Standard loads Database Database Mame Database Desaiption
- Building soilz ) o
B ASTM_MET  ASTM metric ASTM Bolts - metric units
- gnchor bolts
- Reinfordng bars
- Wire fabrics
- Design codes
- Structure Analysis
- Work Parameters W < >
£ >
e Cpen default parameters
Eﬁ Save current parameters as default I oK I | Cancel | | Help

G HLA JS Al Gl slaall Bacld (5 san (oA 2 6K daat dila 5380 ellia (L 2
o n Aaldll cliguiil) odlel 5 sall 8 jedai S laaY a o st g2l) Janll 3 aadiiny
Ay Al Al Gusl) ae aaall saee V) Gl ol lpary pe dpaaadl Cla gl ol
Aaie¥) Lal daladin) Sy A Sl Sl (e a8 a5 Wl (e JLAS (ASTM) alasiud

Sl Sas o el il (b Sind (-MET)

Adull sl elain (Reinforcing bars) gubedll lasad jlald Jisy) e 4
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PR 1ob Preferences ? >
Ii": E }(’ * | LUAY STANDARD DEFLUTE v
B Databases ~
- Steel and timber 5 IEI @
- Yehide loads L5 .
- Standard loads Database Database Name Database Desaipton
- Building soils R
Bnlts ——
- Anchor bolts () Add Database x
- Reinfordng bars
----.ere fabrics Database: Database name:
[#- Design codes
(- Structure Analysis AI 18—08 A
- Work Parameters v < ]
< 3 AAEL 99 Database desaiption:
W,'& Open default parameters EE : MODIF
BEKD4
E,& Save current parameters as defaul BS 8666 2000
BS 8666_2005 [in] [Ibjn2]
CPE5
AR v [ 4i | | oo
(ACI-08_METRIC) (s siall aldailly dilus yall S5 391 3 KU jlgial oy
: Y85 (Design Codes) araaill il saal 4 gill a4y ey 5
FE Job Preferences 7 -
= H * * | LUAY STAMDARD DEFLUTE v
B Databases ~
StE"?l and timber s SteelfAluminum structures: LRFD2000 ~
- Wehide loads
- Standard loads Stesl connactions: EN 1993-1-8:2005/AC:2008  ~ || - |
- Building soils
-~ Bolts Timber structures: EN 1995-1:2004/A2:2014  ~ | |- |
- Anchor baolts
- Reinfordng bars RC structures: ACI 318-11 metric w
- Wire fabrics
SR Design codes Geotechnical: ACI v
i Loads
(- Structure Analysis hi
£ >
F,'& Open default parameters
E,& Save current parameters as default QK | | Cancel | | Help |

Lh wx‘ ‘; e ‘e e ‘;‘S\ @wy‘ eliac Y\j @Lﬁd\ﬂ J\‘ﬁd\ 2%9}..\:1 :L»..a&j\ LL}L.!}JAM -EAY

: ‘;su:.m
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1- Steel/Aluminum Structure: use [LRFD] method:

Limit state design (LSD), also known as load and resistance factor design (LRFD),
refers to a design method used in structural engineering. A limit state is a condition of
a structure beyond which it no longer fulfills the relevant design criteria. The
condition may refer to a degree of loading or other actions on the structure, while the
criteria refer to structural integrity, fitness for use, durability or other design
requirements. A structure designed by LSD is proportioned to sustain all actions
likely to occur during its design life, and to remain fit for use, with an appropriate
level of reliability for each limit state. Building codes based on LSD implicitly define
the appropriate levels of reliability by their prescriptions.The method of limit state
design, developed in the USSR and based on research led by Professor N.S. Streletski,
was introduced in USSR building regulations in 1955. Limit state design requires
the structure to satisfy two principal criteria: the ultimate limit state (ULS) and
the serviceability limit state (SLS).Any design process involves a number of
assumptions. The loads to which a structure will be subjected must be estimated, sizes
of members to check must be chosen and design criteria must be selected. All
engineering design criteria have a common goal: that of ensuring a safe structure and
ensuring the functionality of the structure.

2- Eurocode 3: Design of steel structures — Part 1-8: Design of joints (includes
Corrigendum AC:2009). For example :

In a lattice structure a uniplanar joint connects members that are situated in a

a) Single-sided joint configuration

single plane.
2
1 N N 1 v L,
[E— 2 L N —
N N
A
Joint = web panel in shear + connection Left joint web panel in shear + left connection

Right joint= web panel in shear + right connection
b) Double-sided joint configuration
1 web panel in shear

2 connection
3 components (e.g. bolts, endplate)

Parts of a beam-to-column joint configuration.

Al AaLal el jelais (loads) Jwa¥) AV JEiy) aie

(13)
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Ft1 Job Preferences i b4
@ H x * | LUAY STAMDARD DEFLUTE v|
El- Databases ~

- Steel and timber s
- Vehide loads Cade combinations: ACI318_2011 ~
- Standard loads
- Building soils
. Balts Snow fwind loads: ASCE 705 w
- Anchor bolts
- Reinfordng bars Saismic loads: IEC 2012 w
- Wifire fabrics
(- Design codes
(- Structure Analysis b
< >
1 Open default parameters
Sawe current parameters as defau ance elp
B 5 t te default (0]'4 Cancel Hel

1- Load Factors and Combinations: use AC1318-2011:
Required strength U shall be at least equal to the effects of factored loads in Table

below:

Load Combination Primary Load
Uu=14D D

U =1.2D+1.6L+0.5(Lr or SorR) L

U =1.2D+1.6(Lr or S or R)+(1.0L or 0.5W) LrorSorR
U =1.2D+1.0E+1.0L+0.2S E

U =1.2D+1.0W+1.0L+0.5(Lr or S or R) \W

U =0.9D+1.0W W

U =0.9D+1.0E E

2- SNOW/WIND LOADS: use ASCE 7-05:

Basic wind speed:

Basic wind speed in U.S. is shown in Figure 6.1. The basic wind speed is basic on
statistical data collected from airport across U.S. The wind speeds correspond to 3-
second gust speeds at 33 ft above ground for exposure C category. The wind speeds
represent 50-year return period.

(14)
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Exposure to wind:

Change from ASCE 7-98 to 02 & 05. Exposure A is deleted. A distinction was made

surface

roughness categories and exposure categories. Interpolation between

exposure categories is permitted by rational analysis. Wind is to be evaluated in the
worst case of the two 45-degree sectors either side of the wind direction.

Surface roughness categories:

Surface roughness B: Urban and suburban areas, wooded areas or other terrain
with numerous closely spaced obstructions having the size of single-family
dwellings or larger.

Surface roughness C: Open terrain with scattered obstructions having heights
generally less than 30 ft. including flat open country, grasslands, and all water
surfaces in hurricane-prone regions.

Surface roughness D: Flat, unobstructed areas and water surfaces outside
hurricane-prone regions including smooth mud flats, salt flats, and unbroken
ice.

Exposure categories:

Exposure B: Surface roughness B in upwind direction for 2630 ft or 10 times
the height of the buildings. For buildings with mean roof height 30 ft or less,
the upwind distance is reduced to 1500 ft.

Exposure C: apply to all cases not in B or D.
Exposure D: Surface roughness D in upwind direction for 500 ft or 10 times

the height of the buildings. Expose D shall extend inland from the shoreline
for a distance of 600 ft or 10 times the height of the building.

Important factor, | for wind load

Building category Non-Hurricane prone regions | Hurricane prone
and Hurricane prone regions | regions with
with V = 80-100 mph and
Alaska V > 100 mph

| (Low hazard) 0.87 0.77

Il (all others) 1 1

Il (substantial hazard) 1.15 1.15

IV (essential facility) 1.15 1.15

3- SESMIC LOADS: IBC 2012:

“Every structure, and portion thereof, including nonstructural components that
are permanently attached to structures and their supports and attachments,
shall be designed and constructed to resist the effects of earthquake motions in
accordance with ASCE 7. The seismic design category for a structure is
permitted to be determined in accordance with ASCE 7.

(15)
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dalla il el oi a lie @bl Jentall cua e V) L JeSiu) e

Save Current ) . ota¥!) alaiul 5 auls L a3k oo bl Jue Y aeal Jeall

.(Parameters As Default

/

P& Job Preferences / ? »
I;"" E X .R | LUAY STAMDARD DEFLUTE e
----- Standard loads  ~ o .
. Building sails Method of obtaining the calculation model coherence
..... Bolts (®) Obtain coherent FE mesh
. Anchor bolts Iterative adjustment of the FE mesh
‘. Reinforcing bars Kinematic constraints in incoherent points
L. \Wire fabrics () Use of kinematic constraints
[=)- Design codes )
i Loads Default sets of meshing parameters
[ Structure Analysis Marmal - floors
- Work Parameters
.. Meshing Coarse - walls
~ Panels (all) Coarse o
£ >
=3 Open default parameters |
E'* Save current parameters as default | I OK I Cancel Help

Structural Axes

byl digs 3.1

2 252 540l (geometry ) StV aladinly & g pdally e J8 GlBIaaY) G ) 4s 55
r ) )l e @l el (Axis definition ) Sbe¥) sy ol sa¥) Ly 58

BY Structural Axis — *
MName: | Structure axis ~ |

(X,Y,2) & Sl cildany)

!

) Cartesian || Cylindrical *l Arbitrary |
e

CH1

Advanced parameters \{

Y ™ 58 (R6) Al sha¥) ildlaay)
Position: No. of repet.: Distance: 1.\.1\ Y\ -1 sl e s S
[o0 |m [0 FEH [+ |m i sl U A Jiad 8
Label Position
\
Slasly) ddlia)
S
——
PRIRENREFLYN
< >

Numbering: |123 VK |

MNew | | Axis manager \

Yl e s

Apply | | Close | | Help |
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& s piall sall Gl axdy IS U85 o amy g clilany) JasY Jas Jias o shin

: Y s (X) ab Jaa

BY Structural Axis - O *
Name: | Structure axis ~ |
) Cartesian | | Cylindrical | | Arbitrary |
/ | Advanced parameters |
X ¥ z
Position: Mo, of repet.: Distance:
P800 m (o [ [t | (m)
/ Label Position
+0.00 0.00
50 500
om
L o
/ Delete all
Single out

< >
Numbering: | value ~ | oty |
/ New | Axis manager |
| Apply | | Close | | Help |

Yol Jeal) et 5 (Add) e e 2 5 (POSItION) g (8l Jlal

B3 Structural Axis — O et (Y)
Mame: | Structure axis w |
| Cartesian || Cylindrical || Arbitrary |
| Advanced parameters |

z
Mo, of repet.: Distance:
L B [ |mw
Position
o f(x0.00 0.00
B 30
0.00 10.00
< >
Mumbering: | Value w | oty |
| New | | Axis manager |
| Apply I | Cloze | | Help |
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)qu 325 Baac ! }\ é.lu‘ t\sb\ &}M‘ j\ :LJLL!H t\sﬁjﬁ\ J:\A.J (Z) Ls::‘..\;‘)“

&% Structural Asis — O =
Name: | Structure axis w |
| Cartesian || Cylindrical | | Arbitrary |
| Advanced parameters |

Distance:
L |
Mumbering: |'u'a|ue v| | Yotv |
| New | | Axis manager |
I Apply I | Close | | Help |

Al clflaa Y LaLa) el i 3l il 3 g gall (Apply) Sl e lasall die
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\ Geometry / Groups / .
i

Name | I Uni!] A

T
i
i
i
i
i
i
i
i
i
i
i
i
Value H

2 3 Autodesk Robot Structural Analysis Professional 2017 - Project: Structure - Results (FEM): none NTypeakey/vnrﬂwphrase s 7

File Edit View Geometry Loads  Analysis  Results Design  Tools  Add-lns  Window  Help Community — 7 X
DeHEREGXEBREBAN B RAS HEY R YN G EE=m v
A V] 2 e @ W KR vy el e HIIYM EODOREO
e —r— = A
HYE Q © , e
Objects Number of YD) LFR°NT ,"ut'l
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R RH BEt) />FD200%
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| Rotate 3D. Press left mouse button and rotate the structure view.
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BN Juadl)

(rallad) Ciban ol Uy (ACH 318-11 (S a¥) 3581) Al Al ALiy) pliae ¥ arausi 1-2
(SI Units)
JEeS 4ull pailadll ae i) Slus sV i 3 Sl Al 2 sead) Jiad & i
s JalSia capana

Dimension Of Column (Cross Section) (400x400) mm
Ultimate  compressive  strength  of | 24.1 MPa

concrete f'c
Yield strength of bar reinforcement fy 420 MPa

Height of column 3.40 m
Longitudinal reinforcement (main) Use = 25 mm
Tie reinforcement Use = 10 mm
Height of RC beam (hy) 500 mm

RC Slab thickness (hs) 150 mm

i) ali el 538 45 5

g v| Autodesk Robot Structural Analysis Professionz - E;] - | _ :}{

Mew column

e

B New
& Open project...

:(New column) & (RC Element Design) Jba Je au
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R Column geometry

Eile  Help

[
égj Geometry

Identification
Element name: Celumnl
Number: 1 l-:_-l

Column dimensions

Sectiontype
D v
he= 3.40m
o=
b

x
JrEeT
| w
h
Lo |
I DK || Cancel |

S JAaY) dny s i o5 oMol B ) guall 3 Al Al 3 gandl alay Aiaall cilalac V) 48S LY
o slaal) el s g Ll A (al s Jaal )

AUl 3380 W il (6 ) Ailal) 3 jlaniall e (calculation options) sl a¥) s

[T Calculation Options - ACI 318-11 metric Regulation - ACI318_2011

Alal Al Jlasy)

(A5 Jaall (i il

General Concrete  Longitudinal reinf.

[rrecast column
|:| Geometry optimization
Reinforcement optimization level

Minimum {relative) load

iy

[ besign - unidirectional bending

Transversal reinf,
Fire resistance
(®) Estimated
() Caleulated
Cover {mm)

(®) Transversal reinforcement
(O Longitudinal reinforcement
(O Longitudinal reinf. axis

ce= EIDFixed

(#) My direction () Mz direction
Optimization aiterion
(@) Reinforcement ratio %
() Steel weight 100.0t| kgfm3
Seismic analysis
Seismic risk:
®Low (O Moderate O High

["] consider plastic moments for shear

[ critical zone aver the entire element length

Cancel \

IIIII IIII o]
H
7
I I X

Help
Glalac Y SIS aie
Standard —
Save fe ‘_Ac Jaz il A.AJ‘}[\
Delete ok 453

055 Bae M Sl Al elhasll
S I e 30 4 dag
saxd Y A ol
B E iysal <y kall

ale 40 LAY
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Al AN Gal sa 3380 ) addiial) 4 gl Laaay

I Calculation Options - ACI 318-11 metricc Regulation - ACI318_2011

General Condete | | ongitudinal reinf. | Transversal reinf.

/ Name: |CONCR_3.5 ~

Cancel

N

o]
b

Characteristic strength: m MPa Eee
Jaleai¥ 4 glia Unit weight: kG/m3 Standard
bl iy g Al Al [0 <]mm Save As _
S @) B < Delete

Aggregate size

Ll e S Ll
9 S3fd percentage 0 = [EA]
y Agoregate type: Ly A glia
el i) el ksi  <hlas g A3l Al
Sand-ightweight MPa I lelisad oy
@ 3.5 Aadl oy
i addteall Bl 3
ks ¢ J‘ g (6.885)
(‘f.udd‘)l\) ‘_‘,J)H\ C.)Ln.d\ Gilalae ) A Waamy 4 g
I Calculation Options - ACI 318-11 metric; Regulation - ACI318_2011 >
General Conaete | Longitudinal reinf. | Transversal reinf.
Steel:
Grade: |Grade 420 w | | Deformed
Characteristic strength
fy of steel bar w e
.
reinforcement L | =) R {mam
1|0 10 10.0
z |1 13 13.0 133
3 | 16 16.0 201 Type of bar
4 |11 19 19.0 284
5 |[] 22 22.0 380
6 [~ 25 25.0 491
i 7 |1 29 29.0 661
s |1 32 32.0 804
9 |[] 36 36.0 1018
10 |[] 43 43.0 1452
- 1 |[] 57 57.0 2552
Bar diameter @ 25 mm
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Dl bl sas A

General

I Caleulation Options - ACI 318-11 metri;c  Regulation - ACI313_2011 x

Concete | Longitudingl reinf, | Transversal reinf,

Steel: N
ad 318-08_metric | Cancel \
Grade: | Grade 420 ~ | | Deformed |
Characteristic strength (MPa)
v Name d {mm} A (mmz2)
1 [] 10 10.0 79
2 13 13.0 133
3 | 16 16.0 201
4 |0 19 19.0 284
5 |0 22 220 380
6 [[] 25 25.0 491
7 |1 25 25.0 661
s | 32 32.0 804
9 | 35 5.0 1018
10| [ 43 43.0 1452
1 |[] 57 57.0 2552

save ) ¥l aladiul sk e gAY 3 (il Lealadiny Glalae Y oda () A liSay
L\A@MM}&;AM&DUA\ el a1 dlilaay caj@\};J}A\‘éﬁé\:}b gl (as

AVl o380 3 Janad) il 3l 5 gendl al i g sl ) seda s (standard )

2

Autodesk Robot Structural Analysis Professional 2017 - Project: Structure - Level: Standard Level - Results: none

uType a keyword or phrase Sign In. - - X

File

View

RC Element

Analysis

Results Reinforcement Tools Add-Ins Window Help  Community

FOHAYRGBYUEENNEAAYELLLE 4P|

RC Component Inspector B

Column - View | Column - Results

Column - Reirforcement |~ Column - note

@ M

Type

T R

L2

C | Name

E- H Stories
B Standard Level

=

< >

Structure elements

[V o] ~

Drawings

[E[General

Calcula..

none

Reinfor...

Standard

Calcula.

Buckiin

Standard|

Story p.

Standard|

E[Material properties.

E[Concrete

[Class

CONCR_3.5

|char.

2410

(WFa)

E[Longitu.

Class |Grade 420
Char. 420.00
El[Transv.

(P}

[ciass |Grade 420 ..

Ichar. 42000

(apall ¥

I\ B Column /
Ldl-E|
[Cotm View

PR
Telv/=v

| &

£

340m

=TT ¥

=
§

LR

S

w«

dx 7 @ A~

Code: ACI 318-11 metric  Regulation: ACI318_2011

@ CONCR35 | 3 Grade 420 (Deforn < Grade 420 (Deforn O Results: none

0 » @ g m 0o » =
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ALl Zailal) 5 jlasal) e 3355 54l (loads definition ) 4ss ) as i
1 1
Loads n
M N MyA MyB MyC MzA MzC
Mv % Ho. Case Hature Subnature | Group {kHN) {kH{m} {kN!:m} (khem) | (khtm) {kﬂiml fs
ﬁ\ _.x 1 |DL1 dead load R —— 1 100.00 000 0.00 0.00 0.00 0.00 1.0
M z LL1 Live _— 1 1200.00 0.0o0 0.00 000 0.00 000 1.0
2 *
A A
My i
II’/‘ C cf ’
LMCC |
||'\ " ! <
\\ B B ME‘Q.
e e

>
Add loads from the upper column
Close Help |
Jidatll ¢l aY (analysis ) LoLall Lol 8 W) a8 ) 4a 3 Jlaal) JLeS) ns
:( calculation) <bluall
Column - View  Column - Results | Columin - Reinforcement | Column - note
N (kN) 45 (Deg)
{7 e L
d %ﬁ%gﬁﬁ'ﬂ ! .\\"\}‘ : : : |
08 iy il : - ;
O : :
4 0 )
My
Mz i i
0 4I|] lil] 1I2|] ]Iﬁ[l 2I|]|] édl]
+My-Mz (kN*m)
2 Safety factors
Load type ULs N Rd75d T <16
MRd /W50 100 < [113
Description “:” {k';fm} {k:"',fnl NRd /N34 700 FYERT]
1201 60LL1 (A)
1.20+1.60LL1 (C) 2040.00 45.00 45,00
120+1.60LL1 (B) 2040.00 0.00 .00
140 (C) 130.99 0.00 000
EANE s - . - . - .
o Jl G llaall b gaal) il yedass (column reinforcement) Jbw¥! Jlasiu dic

Aliadi g bl JalS Jgaa ae alagY)
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calculation ) Jl¥) Gk e VLAY A8 AlalSie 4l dplua &5 53 ) a0l Sy asanaill 128
.(note

IIl‘1|
ill

Calculation Mote X

1. [ Level

2
| Material Properties

Geometry

Caleulation Options

Loads

| Combination list

Calculation Results
Calculation results - diagrams
+| Theoretical Results
Reirforcement

3. Materal Quantity Survey

) Tatal
(®) Detailed
; [ ok | | Cancel |
P LR Aaya ‘_91..1 Sl )@.L-u.m Gllaad) 38

1 Level:
¢ Name : Standard Level
o Reference level L
e Fire rating :0(h)
e Environment class : mild
Column: Columnl Number: 1
2.1 Material properties:
e Concrete : CONCR_3.5 fo = 24.10 (MPa)
Unit weight : 2407.31 (kG/m3)
e Longitudinal reinforcement : Grade 420 fy =420.00 (MPa)
e Transversal reinforcement : Grade 420 fy =420.00 (MPa)
2.2 Geometry:
221 Rectangular 400 x 400 (mm)
222 Height: L =3.40 (m)
2.2.3 Slab thickness =0.15 (m)
224 Beam height =0.50 (m)
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2.2.5 Cover

2.3 Calculation options:

Calculations according to
Precast column

Pre-design

Slenderness taken into account
Ties

Non-sway structure

2.4 Loads:

Case Nature
dead load 1

LL1 live load 1

Yf - load factor

2.5 Calculation results:

25.1 ULS Analysis

Design combination: 1.20+1.60LL1 (A)

¢=0.65
Internal forces:

N = 2040.00 (kN) My = 80.00 (kN*m)

Design forces:
Upper node

N = 2040.00 (kN) My = 80.00 (KN*m)

Group

(kN)
1.20
1.60

CH2

=40 (mm)

: ACI 318-11 metric
1 no

1 no

:yes

:to slab

Vs N Myu Myl Myi Mzu Mzl
(kN*m)  (kN*m)  (kN*m)  (kN*m)  (kN*m)  (kN*m)

100.00 0.00 0.00 0.00 0.00 0.00 0.00
1200.00 50.00  0.00 30.00 50.00 0.00 30.00

Mz = 80.00 (kN*m)

Mz = 80.00 (kN*m)

2.5.1.1 Detailed analysis-Direction Y:

2.5.1.1.1 Critical force

Pc = 16311.53 (kN)
k*lu = 2.55 (m)
El = 10746.71 (KN*m2)

2.5.1.1.2 Slenderness analysis

pd = 1.00

Ec = 24782.74 (MPa)

(10-13)

(10-14)

Es = 199948.02 (MPa)
Ig = 2133333333 (Mm4)
Ise = 54611434 (mm4)

Non-sway structure

Iy (M)
3.40

k*luy/ry = 22.08 < 34.00

k
0.75

k*ly (m)
2.55
Short column  (10-7)

2.5.1.1.3 Buckling analysis

(26)
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M1 = 0.00 (kN*m)

M2 = 80.00 (kN*m)

Case: Cross-section at the column end (Upper node), Slenderness not taken into account

M = 80.00 (kN*m)
Mc = M = 80.00 (kN*m)

2.5.1.2 Detailed analysis-Direction Z:

Ratio:

2.6 Reinforcement:

2.5.1.2.1 Critical force

Pc = 16311.53 (kN)

k*lu = 2.55 (m)
El = 10746.71 (KN*m2)
fd =1.00

Ec = 24782.74 (MPa)
Es = 199948.02 (MPa)
lg = 2133333333 (mm4)
Ise = 54611434 (mm4)

2.5.1.2.2 Slenderness analysis

Non-sway structure
Iy (M) k
3.40 0.75
k*luz/rz = 22.08 > 0.00

2.5.1.2.3 Buckling analysis

M1 = 0.00 (kN*m)

M2 = 80.00 (kN*m)

(10-13)

(10-14)

K*ly (m)
2.55
Slender column

(10-7)

Case: Cross-section at the column end (Upper node), Slenderness not taken into account

M = 80.00 (kN*m)
Mc =M = 80.00 (kN*m)

2.5.2 Reinforcement:

u=Asr/Ag = 2.45 %

Main bars (Grade 420):

o 8¢25 [=3.36 (M)
Transversal reinforcement (Grade 420):
stirrups: 8 ¢10
8 ¢10
3 Material survey:
e Concrete volume =0.46 (m3)
e Formwork =4.64 (Mm2)
e Steel Grade 420
e Total weight =115.54 (kG)
e Density = 249.01 (kG/m3)
e Average diameter=18.7 (mm)
¢ Reinforcement survey:
Diameter Length
weight
(m)
10 1.06
10 1.36
25 3.36

[=1.36 (M)

[=1.06 (M)

Weight NumberTotal

(kG) (No.) (kG)

0.65 8 5.23

0.84 8 6.69
12.95 8

(27)
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L VIS (58 S yo) 35S0 s 2yl sl e el ) 5 e i 1]
Alaxioeal) oY aladll
Pu=0.9*0.8*[0.85*f'c*(Ag — As) + As*fy]
Pu = 1.2(100)+1.6(1200) = 2040 kN
Hence, fc=24.1MPa fy =420 MPa and Ag =160000 mm?
As *3904 mm® or [7.951 25 MM ] e use 8 = 25mm [0K]
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Design Of RC Beam

: Abikatiee ddie avaal 2D

Al a5 Gl AL Al A Agie

Dimension Of Beam (Cross Section)

(300x600) mm

Ultimate  compressive  strength 24.1 MPa
concrete f'c

Yield strength of bar reinforcement fy 420 MPa
Length of beam (total) 7.0m
Longitudinal reinforcement (main) Use = 25 mm
Tie reinforcement Use = 10 mm
Side support width [right] 500 mm

Side support width [left] 500 mm

DL2 = 10 kN/m
+ LL = 20 kN/m

} DL1 [SELF WEIGHT]

6.000
. 7.000

RC Beam

(add beam) : Leasanai g dgiall Jifiadl geali yll ) ds 5

x| | General parameters
= pa

[]Use tapered section

ill Beam Geometry = Span Geemelry | Segments
B R300x60 e Name:
; Lergth: 790 ]
- Left support Right support
Width: m Width: m
Basic dimensions {(mm}) Name: Name:
b
| - e
h @ Concete O Masonry @ Conaete O Masonry
= I | Close | | Help | | Apply | | ESS I | Clozse | | Help

Sl 0 Al JSE edanns LI SIS (Apply) Slas¥) e Jaial) ic
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tructural Analysis Professional 2017 - Project: Structure - Level: Standard Level - Results: none NType a keyword or phrase
Analysis  Results  Reinforcement  Tools  Add-lns  Window  Help Community
Dy ~ > I
FdBRNANEAAYELNS O | 14
Beam - View ' Beam - Load Pattem Beam - Diagrams = Beam - Reinforcement = Beam - note
e =3

el das SIS 5 Lpaal g3 5 A3l AT da glia a Clalac Y an 6B

E Calculation Qptions - ACI 318-11 metric;  Regulation - ACI318_2011 x
General | Concete | Longitudinal reinf. | Transversal reinf. | Additional reinforcement
Cowver {mm) to Deflection caloulations | 0K I
2 (®) Transversal reinforcement Correction by | Cancel |
/ D Longitudinal reinforcement D Reinforcement change | Help |
‘;JL.»_)J\ oUazl ) Longitudinal reinf, axiz [ Geometry change

‘_A\ u.uh:\ ..\..p;l‘ bottom: Ell:‘ﬁ}(ed |Star1dard ws |

@ uY ide: i Save As ..
; see: [0 _|0red | oo 1y | |
top: El [ Fixed | Delete |

[Jpeflection < mm

e

Support depth:

| Geometry optimization... | .
4 7 sansa L g e
[ ]Precast beam
Minimum load capadty (relative): | 1-UU| | Advanced... |
Seismic design category
(®sDC A (socE {sbcc
(JsoCo,EF

[ consider plastic moments for shear
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Al AN el s JA

General

Aggregate type:

ﬁ: Calculation Options - ACl 318-11 metric;  Regulation - ACI318_2011

Materials:
Characteristic strength: MPa
Unit weight: kG/m3
Aggregate size: mm
—
Sand percentage LZ' [%)

Conaete | Longitudinal reinf. | Transversal reinf, = Additional reinforcement

OK
Cancel
Help
Standard
Save fs ...

Delete

szedadl) pos yal A Jaai

CH2

ﬁ Calculation Options - ACI 318-11 metric; Regulation - ACI318 ﬁ Calculation Options - ACI 318-11 metric; Regulation ﬁ Calculation Options - ACl 318-11 metri;  Regulation - ACI318_2011
General | Conaete  Longitudinal reinf. | Transversal reinf. | Additiond| | Gemeral Concete | Longitudingl reinf, | Transversal reinf. General Concete | Longitudinal reinf. | Transversal reinf, | Additional reinforcement
Steel: Steel: Steel:
aci 318-08_metric | adi 318-08_metric | ad 318-08_metric |
Grade: |Grade 420 v | | Deformed | Grade: |Grade 420 ~ | | Deformed | Grade: | Grade 420 ~ | | Deformed |
Characteristic strength 420,00 | (MPa) Characteristic strength 420,00 Characteristic strength 420,00 | (MPa)
| Hame d{mm)} | A{(mmz2} v Hame d (mmj} A (mm2) v Name d (mm) A (mm2)
1 : 10 10.0 79 1 e 10 10.0 79 1 [] 10 10.0 79
2 : 13 13.0 133 2 : 13 13.0 133 2 ] 13 13.0 133
3 [ 16 16.0 21 3 | 16 16.0 2M 3 |[] 16 16.0 2
4 | 19 180 284 4 |[1 19 19.0 284 4 | 18 19.0 284
5 | = 20 380 5 [[] 22 2.0 £l 5 | 2 220 380
6 |~ 25 250 491 6 | 25 25.0 491 5 7] 75 750 291
7| 23 28.0 661 7 |01 29 29.0 661 7 | 29 290 661
8 |[] 32 320 804 8 |[] 32 2.0 804 s | 32 320 804
9 | % 6.0 1018 9 |[] 36 3.0 1018 9 | % 3.0 1018
10 |1 4 430 1452 10 |[] 43 43.0 1452 0 | 3 30 1452
1| 57 57.0 2552 1|1 57 57.0 2552 ] 57 57.0 2552
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| Capacity design. Capacity for bending in ULS is not sufficient for span No. 1 Safety factor: 0.94
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Verifiedvalue - Bending moment ULS
F188.73 (kN*m)| = |-177.76 (kN*m)|
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OK || Cancel || Help
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il T gl 5 (il 5 o 5ol (ISl o8 gl ) gy

Beam - View Beam - Load Pattem | Beam - Diagrams

Beam - Reinforcement = Beam - note

r 1 Shape code
i

(B m)

Left end

T
:f -| Hook
i
i

-| Hook length

-200 T T T T T
[N —
180 — — 1 k________'\\_______________________71____'_'__f‘_____
00— — i b~ __ _|Bending Moment ULS: N O N I, A A N I
*=3.50 (m) (+) =)
] Factored Wu=105.87  Mu=0.00 (kN*m)
L . T1 1T __‘ S A B I _ﬁ_\_ " 7| Factored after redistribution 1fu,rd = 105.87 Murd=0.00 (kNtmy [T [ T T TT1T1 0
Strength f*Mn = 186.93 fi*Mn = 0.00 (kN*m)
0 _h'_‘_\u\ ‘ ‘ Ly sf=177 sf=- '_‘4/ -
50—————————————————\“: ‘ ‘ i T —
100—————&<——————————— ‘ Tt ——
150________\;-._\__________ I I Z______
T | // [m]
éll Results | ULS sLS ALS Reinforcement | Deflection | Simple cases
Diagram |Left Right [Span  [X=050(m} |[X=1.00{m) [X=175(m) [X=250(m} |[X=325(m) [X=4.00( ]
Support |Support Active span
P e e 7 T 2 L LY ]
(kN*m) |7 o ' -188.73 -105.87 -9.21 0.00 0.00 0.00
Mu,rd 0.00 0.00 0.00 5984 10127 15.0 Display of results for openings
¢ |<se73 |-18873 |115.08
(khi*m) -188.73 -105.87 821 0.00 0.00 0.00 @of Oon
ftMn 54.99 122.90 187.30 187.16 186.98 186.9
ATTTE |-17RTE  |1B7.16
(khi*m) 17776 _AT774 17451 75,80 -0.00 0.0 Range
Vu 171.85 147.30 1047 73.65 36.82 0.00
gy [17185|ATIES|— .00 .00 .00 .00 .00 .00 O] (O Whale beam
Ve wd 474 OC 447 an A4n A7 72 oc oo o nr\ﬂv
< >
- - . “w
. @\lﬁ.ﬂ.\l\ .J.J.J;j (551.4..4.\}\ GAL}J..IM T oAb
Beam - View = Beam - Load Pattem | Beam - Diagrams | Beam - Reinforcement | Beam - note
I g A
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RIGHT
‘Tﬂmlr‘
| -y
=] o ]
o (=]
: L
op 1 b
< » < >
x| =
=TI B ﬂ o] | General Detalled  Summary table | Spadngs and areas
Type maintop Steel Diameter
No. Reinforcement T Humber| m m m m m m
Steel Grade 420 (Deformed) LU Grade {mm) {m} {m) {m} {m} {m} {m}
— | Reinforcement parameters 1 1 |main-top Grade 420
i Diameter |25 2 2 |main-bottom Grade 420 |25 2|B=761
1 3 3 |assembly-top Grade 420 |25 2
o Shape parameters 4 | 4 [transverse-main Grade 420 |10 77[6=022 |C-052 |D=-022 |E-052
H *
: A
1 Shape | JG
El

( Resuilt

Drawing

) Sl a5 Atinll el la ) e Jpuaall
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P Fezceren st
3 g g (1) | mmea HE & s
g o -+
b e cadh g (7 Ve crace g ' ;ﬂ&mm (2} | mmea Wb |
‘ |@Hh o= @H“ | | (5) | maea (. N
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W e Fi | vz
g d
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P e v
50$ 7.00 $_:_.;;.$
A-A B-B
[Fes e a0 e 4203 ——
:'.‘.".'10&&:&_-11.%01@ = mwarm:e_ﬁc-‘{ } =
o5 crane 4an 2 ereae 420
0 0
Tl Fan Somml Crage 420 =135 kg 0 24 IMPa =1 HmE
Forrmwork = 121 ma
Standard Level Beam1 i s
Structure Section 300x600 ewasae s Page 1

£ 5 aiasa Aial ) QL)

Dimension Of Beam (Cross Section) (300x600) mm
Ultimate compressive strength  of | 24.1 MPa
concrete f'c

Yield strength of bar reinforcement fy 420 MPa
Length of beam 6.0m+4.0m
Longitudinal reinforcement (main) Use = 25 mm
Tie reinforcement Use = 10 mm
Side support width [right] 500 mm

Side support width [left] 500 mm

DL2 = 10 kN/m
 LL = 20 kN/m
| ; . | ;
|
DL1 [SELF WEIGHT] Fr
6.000 "

[ TTIIL

4.000
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Beam - View | Beam - Load Pattem = Beam - Diagrams | Beam - Reinforcement = Bieam - note

Frapy Ii”'

e

Rotate 30 Press left mouse button and rotate the structu
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Q_x
£ | | >
x x
ﬁ General parameters Ell Beam Geometry | Span Geometry | Segments

End: m Left support Right support
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o
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b
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x| ]
ol Bs i O| | General Detailed  Summary table | Spadngs and areas
Type assembly-top Steel Diameter
Ho. Reinforcement T Humber| m m m m m m
Steel Grade 420 {Deformed) e | Grade | (mm) @ @ @ @) @ @
— | Reinforcement parameters 1 1 |main-top Grade 420 |25 2|B=279
:,_ Diameter | 25 2 2 |transverse-main Grade 420 |10 40 (B =022 C=052 =022 E=10.52
i 3 3 |main-bottom Grade 420 |23 2|B=661
T Shape parameters 4 4 |assembhy-top Grade 420 2
i 5 5 |main-top Grade 420 |25 2|B=6.05
E ] 6 |main-top Grade 420 |25 2|B=233
| Shape 7 | 7 |main-bottom Grade 420 |25 Z[B=492
i 3 & |assembly-top Grade 420 (25 2
1 *
E—- Shape code
- | Left end
-/ Hook 0.0
1
!- Hook length 0.00
i-| Postion X 0.04 < >
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(Solid Reinforced Concrete Slab ) sba Slu A Chiu araal -3
Ayl ) Al clgiall g aae W) (e Sl ja ISaed i

Slab thickness = parameter/180 = [(5.2*4)/180] =0.115m == use 0.12 m

Slab Thickness 120 mm
Ultimate compressive  strength  of | 24.1 MPa
concrete f'c
Yield strength of bar reinforcement fy 420 MPa
Length of beam 52m
Longitudinal reinforcement (main) Use = 25 mm
Tie reinforcement Use = 10 mm
Column dimensions (cross section) 400x400 mm
Beam dimensions (cross section) 400x500 mm
Dead load [1] Self-weight computed by
robot
Dead load [2] 1.0 kN/m?
Live load 2.5 KN/m?
6.000 RC COLUMN [400x400] mm
—— r 0.400 /¢
B - - - - - o400 !
| /_” e Bl g + /\\f \ g “’\7 el W f
P T R HPRI - o I
bl S W N B g — RC BEAM [400x500] mn
1L o Bl "y - i 2 85 0 /
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yl AR BN ik T
‘ \/i\ \/\ A/: \\’ i ;g \, \ /:\
,\\ f A /‘ # = \ i ,;// 2 |
\/;,\/ % \/1/\ 4wy . /\\\/Z S P |
B - - - - 0.400
PLAN
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. h
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Material: | CONCR_3.5
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(O variable on a plane .
P1 D Contour Point coordinates Thidmesses
{m) {mm)
(® Rectangle P1: |0.00;0.00; 0.00 | [o |
Pz P3| (Ocirde P2: | 0.00; 0.00; 0,00 0
- P2: | 0.00; 0.00; 0.00 0
[] Horizontal =lab
Reduction of the #
I:lmoment ofinertia 19
| Geometry
| Farameters | | Parameters of foundation elastidty |
[ Apply ]| Close || Hep [add || cose |[ hep

TSNS
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[— =y} oo L |
1 ﬁ Load Types - (|

X

L} Load Definition — ot
Case desciption

Mumber: Label: LL2 Case Mo: 3:LL1
. Selected:
Nah..lre: Subnature:

MName: | LL2

1‘ IT add ||  Modify | Mode

Bar

List of defined cases: - @I ﬁi g 4?1
Mo, Case name MNature Al 1°

1 DL1 dead 5

el oL2 dead S @I &l @i XI

I

Self-weight and mass

Surface

s LL1 live S
Apply to
< > |
| Delete || Delete all |
| Cloze | | Help | AF"F"'H'*J Close HE||:|-
& Uniform Planar... — O X
Values
p i:kpa:u\
X 0.00
Yo Q.00
Z:

Coord. system: (®) Global (O Local
[]Projected load

[] Geometrical limits (live load) > Jesll

Add Close Help
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(dead load =1.5 KN/m?) caall Jeall

3D | Z=000m-Base |:|:

N G 25 = ‘ -
(loads combination ) I 4a 53 Jea¥) HuSS Clalas AdlnaY

Ll
Loads I Analysis Results  Design  Tools  Add-lns  Window Help Community

K i Lond s P& &Y M D L EEe -]

| 8 Load Definition...

.
[t Compintios. | I 2 98 |

fm} Automatic Combinations...

Load Table =2 5]
u Combination Table I\ FRONT | (lﬁ'{;
Mass Table |

1ol Select Cases...
22 Select Case Component...
2 Select Modes...

Select Result Type 4
Wind & Snow 4
Wind loads simulation 4
Special Loads 4
~
v Cases: 1 (DL1)
| 3D | z=00m-Base ];[v View

e G siall (KAl Jlea) 5SS Olalae Jaal &l i (Manual Combinations) !
JEIERRVER RS
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R Combinations - O *
i Combination: 4: ULTIMATE LOADS COMB1 : ULS o
q
| Case list: List of cases in combination:
Nature: | Al s | Factor Na, Case name
Mo, Case name 1.20 1 oLl
1.20 2 oLz
1.60 3 LL1
€ >
Factar: | auta |
| Factor definition | < >
| Mew | | Change | | Delete | | Apply | | Close | | Help |
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1 :
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| Object/window;/capture selection b

i kPa
; PZ kG
Cases: 4 (ULTIMATE LOADS COMB1)
0 Z=000m - Base |a|~ View
R TR = [ = . 3 C = >l
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R Autodesk Robot Structural Analysis Professional - Calculations - O *

12072017

PHASE OF ANALYSIS

Reordering

Calaulation Messages

15:32:56 Start of the structure verification
Mumber of errors: 0

Mumber of warnings: 0
15:32:57 End of the structure verification
15:32:57 Start of the analysis

A\
A

Statistics Resources In Use
Number of Nodes 53 Memory 5091.816
Number of Elements 54 Disk
Mumber of Equations Case
Frontwidth Start of Analysis : 15:32:56

Initial Estimat. Run Time =

Optimized

Calculation Priorities MNormal v

Pause |

sop ||

Help I

( Restfits

Stress) . zlat Jadaill UleS) Loany 30l ) 25 caads

9 - b T 1
Sl > B R TiuATE LoADS COMB VA &2 U ay O
- 5 max{My} S max{Mz}) 5 min{My} 5 min{Mz}
5 max {(MPa)} | 5 min (MPa} (MPa) (MPa) (MPa) (MPa) Fx/Ax (MPa)

MAX 11.06 -1.93 5.16 5.16 -1.83 -0.07 0.24
Bar 3 8 E] 4 a a 5
Node 10 6 10 i) 3] 3] 9
Case 4(C) 4(C) 4(C) 4(C) 4(C) 4(C) 4(C)
MIN 207 -9.60 183 0.07 -5.16 -5.16 .07
Bar 8 5 8 8 3 4 9
Node 6 10 6 [ 10 a 4
Case 4(C) 4(C) 4(C) 4(C) 4(C) 4(C) 4(C)

Lea Jsiia dlea) 525 5 ady a5 SLEY) gumall 8 JISUL S0 11,06 4iad dlea) 5S) o) sy
Ao slaall ¥ da g b siese Liiall (b poa

Badinall 455 Sl GlalaiWl cilal W) g 5 JAT lee 7 A

( Results —» Displacements)
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“Jer TR L2 VAT &l
UX {mm} UY {mm) UZ {mm) RX {Rad) RY {Rad) RZ {Rad)
MAX ] ] 0.0 0.004 0.004 0.000
Hode 6 3 3 43 35 18
Case 4(C) 4(C) 4(C) 4(c) 4(C) 4(C)
MIN -0 -0 -1 -0.004 -0.004 -0.000
Node 10 4 45 47 55 32
Case 4(C) 4(C) 4(C) 4(C) 4(C}) 4(C)

S A e el ol sal) Ly sl 3Y)

AAA pelaiw axie (Results =2 Maps) St ) 4a g5 Jeada S0 il ~Liayy

Al

«
5
0
&

@ Maps

Detailed | Prindpal = Complex ParameherED

Layer : Middle

- O X

| Automatic direction |

Stresses -s
Membrane forces -N
Moments -M

Shear stresses -t
Shear forces -Q
Displacements - u,w
Rotations -R

Soil reactions -K

ooy xy oz
oog o
ooo
ooo

0
Ismooihing within a panel

o i s ~ SE Q1solines With normalization
(208 - = Sl (® Maps [C] with FE mesh
1) 5 - QO values [ with description
( +6.00 U} (2000 ) [C]open new window with scale displayed
I Apply I l Close ‘ | Help
i X PZ
Cases: 4 (ULTIMATE LOADS COMB1)
30 2=000m - Base |a]+ View “
U= — = = - —

sk (555 mney UK a3l LY 5l o 5al 58 ol et (51 LA LSy
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tabs f

@ Maps oo O X

Detailed | prindpal | Complex Parametermzl

Layer : Middle

| Automatic direction |
XX yy xy z
Stresses - s oo O
Membrane forces -N Ooognod
Moments -M O™
Shear stresses - t OO
Shear forces -Q OO
Displacements - u,w OO O
Rotations -R OO |
Soil reactions - K O
|smoothing within a panel v ]
O 1solines [ with normalization
(® Maps [ with FE mesh
O values M with description
[CJopen new window with scale displayed
| Apply | Close | | Help l
Descaiption pasitions
| Finite element cehters v l

Ca sl ) msenatll W Jsat s Jemie JS5 LI eliae W1 mparail 4 53 (V)

(LY 2l 3 Lgaladiia

DA 5 daranal A pall SLEY) pmal) e gl 515k e ¢ &l V) day 35 8 (design ) )

—( design

provided reinforcement of RC element ) Jl=Y)

Required Reinforcement of RC Beams/Columns ...

Required Reinforcement of Beams/Columns - Options 4
Required Reinforcement of RC Slabs/Walls ...

Required Reinforcement of Slabs/Walls - Options

Design | Tools  Add-lns  Window Help Community
4K Steel Members Design ... | & Geometry v i
M Steel Members Design - Options [ 3
P Steel Connections Design ... il @ % I
@ Timber Members Design ...
Timber Members Design - Options >

Prowded Reinforcement of RC Elements B
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e 3 ) gall A 33V O sl daca sall Auilu Al Adiall jlial a3

_H?ll Beamns - Parameters of RC Elernents

o1 | Simple cases

Manual combinations

E_-l-

Grouping type
According to story

~| According to geometry

[l consider positions of bar axes

Create stories for elements not assigned to stories

*

Always display this dialog box
[J automatically run caloulations
Hodsi Type Hame
E| 4 ULS ULTIMATE LOADS COMB1

Supports 4 Manual combinations /

| oK | | Cancel |

i —

g slhall ke Al s aaadl a5 JAaY 5 5ala duilu Al Al Jualis 530 Gll jeluin

<

“ 3

[P Autodesk Robot Structural Analysis Professional 2017 - Project: exmple - Results: none Nrype o keyword or phrase w: o | - a X
ﬁ!e r\fimiﬁciﬂem!r!!iﬂnalysis 7R6nluiﬂzinlmflﬂ1!nt7 lnul! 7Md-|ns 7Vuﬁ!|daw7|jzlp 7Cammuni!y - X
BElHavRaynh IERABYEHLIL2HO Y4 P
RC Componert Inspecior ¥ | Snuctee Beam -View  Beam - Diagrams  Beam - Reinforcemert Beam -note A f
@ M TE O 2
Tive C  Name W »:.y{ g
B- H Stones q s
- Standard Level
B~ Level +4.00 v 7
a
£

[ Rotate 3D. Press left mause button and rotate the structure v

ew.

>

Structure elements A Drawings [

Name

=YL dhed ]

Value Unit|

>

< [ q
{ Beam Geometry  Span Geometry  Segments I General parameters
I E ' -
Total beam length: 640 (m) | Cantlever Label: © RA00x500 b
Total number of spans: I Left Start: |:|:[n
Number ofidentical beams: | Raght End:
] smpified names B0
Automatic numbering of [TRddsen ] [1 7] R Basic dmensons (mm)
Ospans  Esupports [ [ T‘
L ¥ | Advanced
[ h [s0_]
[Cseiesan [1 7] Use tapered section [ ]
Change orientaton
[ | B | = ™ [aey || << » | co= Hep

I EHI =W

L]

[Beam - View

e

| ‘.F T/ AT

Code: ACI 318-11 metric Regulation: ACI318_2011

e 7@

3 CONCR_3.5 £ Grade 300 (Deforn < Grade 420 (Deforn ©) Results: none
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ﬁ Reinforcement Pattern - AC| 318-11 metric ﬁ Reinforcernent Pattern - ACI 318-11 metric

General | Bottom Reinf. | Top Reinf.  Transversal Reinf. | Constr, Reinf.  Shapes General | Bottom Reinf. | Top Reinf, | Transversal Reinf. | Constr. Reinf. | Shapes

X X
[ o< ]
Reinforcement segment Main reinforcement | |
@® single span Min. diameter ! ! P i
Help H
() Whole beam | " | porood 1
| I e v old2
| i : e = R
et mcrsom) || [ sevara | [smeree ]
Emi Number of layers N
e e =yl - T
. b Emax (@) Table of parameters
Straight bars o —
Fer longitudinal 1 Mot Nmax|  For i< (mm)
Maximum length: reinforcement for torsion [y
Tied all ) ’ | -
Minimum diameter: (mm) ed = 2 -
O Auto @ Yes
Module length:
] Group layers
Bent bars
[(]Bent bottom bars Anchorage length

Ilminl For L> ... {m} I
[CJBent top bars Bend spadng El| |

Mumber per plane intermediate m n
Bend angle Deg from support m

] symmetrical reinforcement

[+ Consider slab parts of T-section in quantity survey

Mot fully allowed
[1gnere verification of reinforcement shape during beam verification

[ o]

[~]Exchange 1stand 2nd

|8 Reinforcement Pattern - ACI 318-11 metric i |8 Reinforcement Pattern - ACI 318-11 metric

General | Bottom Reinf. | Top Reinf. | Transversal Reinf,  Constr. Reinf. | Shapes

X X
! General Bottom Reinf. | Top Reinf. | Transversal Reinf. | Constr. Reinf. | Shapes
' ' o [
i i s e dl Cance Support reinforcement Arrangement type
Dorode
: u K | (e |
S
| | epenec e mn! () Constant seg. spadng:
|
| £ L 1 ’_' B Standard ~ Standard w
[] A= bottom reinforcement - . ; .
Nurber of layers N Position of extreme stirrups Available spadngs {m)
u padng multiplication:
Ohuo [T 0 @ spacng mitpican
e el
(®) Table of parameters

For H <= ... (mm}

—— Oe <= m @ Auto (OList: 0.050.070.090.110
% M _I N max
MI 4

] o | Section
Ml 3 - || Haute
User definition...
Open strrups
|:| For T-section . .
N min For L > ... {m} [C]Fer rectangular section [ [
2 + .
3

L - " L Diameter 1:

,:: Pin D Diameter 2:

I Nat fully allowed

Bars distributed for T-section
()0n the whole flange length
(® Only on the web width

el das g Al Al Gal & Gilalae )
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ﬁ Calculation Options - AC| 318-11 metricc  Regulation - ACI318_ 2011

General | Conaete | |ongitudinal reinf. | Transversalreinf.  Additional reinforcement
i oK
Cancel
Mame: |CONCR_3.5 ~
Help
Characteristic strength: | 24.10 MPa
Unit weight: | 2407.31 kG/m3

Save As ...

Aggregate size: | 20.0 ~ [ mm

Delete

Sand percentage 0 5 (%]

Aggregate type:

ﬁ Caleulation Options - ACI 318-11 metric, Regulation - ACI318_2011

General | Concrete | Longitudinal reinf. | Transversal reinf. | Additional reinforcement
Steel:
ad 318-08_metric |
Grade: |Grade 420 v| | Deformed |
Characteristic strength 420,00 | (MPa)
v Name d{mm) [ A{(mmz)
1 | 10 10.0 79
2 1] 13 13.0 133
3 | 16 16.0 g
4 1] 19 19.0 234
5 I 22 2.0 330
6 [ 25 25.0 491
7 | 23 28.0 661
I [ 32 320 804
I [ 36 36.0 1013
10 |[] 43 43.0 1452
1_|[] 57 57.0 2552

OK
Cancel

Help

Save As ..

Delete

2

ﬁ Calculation Options - ACI 318-11 metric; Regulation - ACI318_2011 X
General | Conaete | Longitudinal reinf, | Transversal reinf. | Additional reinforcement
Steel:
Grade: |Grade 420 v| | Deformed |
Characteristic strength 420,00 | (MPa)
o Hame d (mm}) A (mm2)
1 [+ 10 10.0 kil
2 ([ 13 13.0 133
FEIN 16 16.0 20
4 [[] 19 18.0 234
5 [[] 22 220 330
6 [[] 25 25.0 491
7 ([ 29 28.0 661
8 [[] 32 320 804
9 L] 36 36.0 1018
10_|[] 43 43.0 1452
1_|[] 57 57.0 2552

ﬁ Calculation Options - ACI 318-11 metricc Regulation - ACI318_2011

General  Concrete | Longitudinal reinf, | Transversal reinf, | Additional reinforcement
Steel:
| adi 318-08_metric |
Grade: |Grade 420 ~ | | Deformed |
Characteristic strength 420.00 | (MPa)
| Name d (mm}) A (mm2)
1 [] 10 10.0 79
2 |[] 13 13.0 133
3 |[] 16 16.0 201
4 |[] 19 19.0 284
5 |[] 22 220 380
6 [[] 25 25.0 491
7 | 29 9.0 661
s | 32 32.0 304
9 |[] 36 36.0 1018
10 | [] 43 43.0 1452
1] 57 57.0 2552

oK
Cancel

Help

Save As

Delete

Gl Al Agiall Cgllaal) ol elas s (start calculation) Sy (e asaaills o s Lo,
(VS Jiate S0
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sadiaall il phadlly g AL el a1 Gudin g ¢Sl 2D 3 sanll apaadl 4a 5

2 Autodesk Robet Structural Analysis Professional 2017 - Project: exmple - Level: - Results (FEM): available - Results: available H - X
File  View RCElement  Analysis Results Reinforcement  Tools Add-lns  Window Help  Community - X
= - = & 2 [oF
ElSawRaEXyBiE ERaAvyELema 0
RC Component Inspector % | Structure  Column - View | Column - Resuts  Column - Reirforcement  Column - note ~ £
@ n TE @ F
Type C Name
= H Stories g
Standard Level
Level +4.00 ;
z
1 f3
< > E
el K—
Structure elements # Drawings & K=
Name Value ‘ Umll ~ Ifzi
[} >
¥
v QZ
/ v
= |7 7| £]| < >
Column - View  Column - Reinforcement Table
Code: ACI 318-11 metric_Regulation: ACI318_2011 @ CONCR3.5 [ Grade 300 (Deforn — Grade 420 (Defomn () Results: none

2 Autodesk Robot Structural Analysis Professional 2017 - Project: exmple - Levek: - Results (FEM): available - Results: available uType a keyword or phrase Sign In - - - X
=
File  View RCElement  Analysis Results  Reinforcement  Tools  Add-lns  Window  Help  Community —F X
H Ty, = A
EldavaeXxXiaaN\dERavyflJisrte 14 b |
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= [ Stories 200 g
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!
< > ﬁll Safety factors B
|\ Structure elements § Dranings [ Load type us v Rd75d 100 P L=
Name | Value | Unit\ "~ If}
Description NRd 7 NSd 0
ULTIMATE LOADS COMB1 (A) 3
ULTIMATE LOADS COMB1 (C) ] ] I
ULTIMATE LOADS CONB1 (8) [13492 |-27.48 |-2748 | 2
[
v
\vi
&P T 2]
Column - Reinforcement Table _|[Column - Resutts
Code: ACI 318-11 metric  CONCR35 | ) Grade420 (Deforn — Grade 420 (Deforn M = -3.66 (kN"m) N = -1520.01 (kN)

N JSAIL () oS 3 ganll el

(53)



AUTODESK ROBOT ANALYSIS AND DESIGN

Structure | Column - View | Column - Results

Column - Reinforcement | Column - nate

T L e Lt
00 — " 1]
o] “ny o
— o
! T
] <
o o _|
= S
¥ ] %—£’Y 15
OP N v
< > < >
EGnT
x| ol
al B 0 B | General | Detalled = Summary table
Type transversal Steel Di: 1l
Steel IGVEdE 420 Defomed) No. Reinforcement Type Gr::e ?x;fr Number]| {m}) {m} {m} {m} {m}) {n
— | Reinforcement parameters 1 1 |main Grade 420 (25 4
» Diameter |1ﬂ .
% Shape parameters
g es
+1{ Shape Cl E!JA
3
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i Em) 032
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R Reinforcement Pattern - ACI 318-11 metric

General | Bars | wire fabricreinf.  Constructional reinf. | Shapes

Bottom reinforcement Top reinforcement
Diameter Diameter
Cancel
Direction X Direction X

H

=

/ ﬂ Direction ¥ DlrechM Help
Spadng (mm)
0

H
sl |
b
[ Direction % [l birection X 10
<

2]

BB
ii <L

DDirecﬁonY DDirecﬁonY

Delet
Available spadngs (mm) /Z =
e I o - E—

Preferred reinforcement spadng
Direction X

mm

ﬂ [IMasximum 250 mm I ™inimum

\

Direction ¥

ﬂ [IMaximum 250 mm [CIMinimum EI mm

\
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% Calculation Options - AC| 318-11 metric; Regulation - ACI318_2011

General | Concete | Reinfordng bars | Wire fabrics | Reinf, for punching

Cover (mm)
—te x =
Pt
be—ad s - = d2
— 1
i A g
=1

aln ] aln |

Deflection calculations Fire resistance

["] correction-reinforcement modification () Approximated

[ Deflection < [0 Jmm () caleulated
Minimum (relative) apadty:
[ seismic dispositions

[ caleulations of punching and shear

200
|
)

o
200

7
i
7
sl M
7
7
7
+ 58 gév
] z!i‘*
+ s +
. ™ = & 2N =432 M3 Cowr
E Level Level+4.00 Element: Plate1d ok — 35 :I
FRo | Subject: exmple Drawing: SLAB FORNMYWORK Sk, 1= | ow.zor e

ale (120) 4Sems 5 Caiaall slasl a5 A2l Gl Al Sl Al Gl eyl Jidi odle ) 5 suall
an sl 3 ) Capaill ale 10 ey el aladiid g OISl S (24 1) Db Al Ialiail G gl g
Jsb e I e 620 Juai A
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samg
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g2 |2 i ¢ O B0
-] W [ v b o
o 4
f
g
[ g
11
[ 1
¥
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" 400 o
Ll K
- Tal Eo [r— %' = 24 1Py Comt
R Level Level +4.00 Element Plate10 Feimooemers . Gnde 0 e =20
3 . bomom= 20 Fm
eat | Subject: exmple Drawing: BOTTOM SLAB REINFORCEMENT e o= morm | P e

il 13y Jaad) JLeS) 5 Lia

oailiadll 53 ) sall 8 4oz sall sl (Ribbed Slab) e i asaaiy (ala Jbia

:aUJi d)ﬁaj\ (5‘0‘ I*.AAA}‘J\

Slab Thickness 100 mm
Ultimate compressive strength  of | 24.1 MPa
concrete f'c
Yield strength of bar reinforcement fy 420 MPa
Area of slab [8.0*6.0] m 48.0 m*
Longitudinal reinforcement (main) Use = 13 mm
Stirrups reinforcement Use = 10 mm
Column dimensions (cross section) 400x400 mm
Beam dimensions (cross section) 120250 mm
Dead load [1] Self-weight computed by
robot
Dead load [2] 1.0 kN/m*
Live load 2.5 KN/m?
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R Level  Level +4.00 Element: Plate1d Rertoreeners: w439 e
pel | Subject gxmple Drawing: SLAB REINFORCEMENT TR ERETE T

Top reinforcement for one rib = 2= 10 mm
Bottom reinforcement for one rib = 2= 16 mm
Stirrup of ribs == 8 @ 220 mm c/c
(Isolated And Combined Footings) 4S_jiiall g 52 jasall ) arenai 5-1

dLo;\}I\@éj&&ohﬁw\c«wy\Mé&@b@&yjjuﬂudﬂ}‘y‘cab}w
Gl | AL gans Lgapanat SIS 5 Lgd S Lo gagl) 5 Lialdil) Jo sagll (i a9 Guns) () Liiall
Ll asanaill s Jalaill o) jal 5 3aee W) Cand  Slu ja (sl 210 AL ABQY) aa e adiai

Footing Thickness 400 mm

Ultimate  compressive  strength  of | 24.1 MPa
concrete f'c
Yield strength of bar reinforcement fy 420 MPa

Area of single footing [2.0*2.0] m 40 m’

Longitudinal reinforcement (main) Use = 16 mm
Stirrups reinforcement Use = 10 mm
Column dimensions (cross section) 400x400 mm
Beam dimensions (cross section) 120x250 mm
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Dead load [1] Self-weight computed by
robot
Dead load [2] 1.0 kKN/m?
Live load 2.5 kN/m*
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Top reinforcement [ 216@250 mm — in X dir.]
[ =216@380 mm —in Y dir.]

s Aol 43 1) ) Al

1. Slab: Plate1l8 — RC FOOTING

1.1. Reinforcement:

o Type : RC shell
¢ Main reinforcement direction 1 0°
e Main reinforcement grade . ; Characteristic strength = 460.00 MPa
e Bar diameters bottom dl1=12(mm) d2=12(mm)
top dl=12 (mm) d2=12(mm)
e Cover bottom c¢1 =30 (mm)
top c2 =30 (mm)

1.2. Concrete

Class : CONCR_3.5; Characteristic strength = 24.10 MPa
Density : 2407.24 (kG/m3)

1.3. Hypothesis

e Calculations according to . ACI 318-11
¢ Method of reinforcement area calculations : analytical

¢ Allowable deflection : 30 (mm)

¢ Verification of punching 1 no

e Calculation type : bending +

compression/tension

1.4. Slab geometry

Thickness 0.40 (m)

Contour:

edge beginning end length

x1 yl x2 y2 (m)

1 0.00 2.00 2.00 2.00 2.00

2 200 2.00 2.00 0.00 2.00

3 2.00 0.00 0.00 0.00 2.00

4 0.00 0.00 0.00 2.00 2.00
Support:

n° Name dimensions  coordinates edge

(m) X y

* - head present

1.5. Calculation results:

1.5.1. Maximum moments + reinforcement for bending, compression/tension

AX(+) AXx(-) Ay(+)
Ay(-)
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Provided reinforcement (mm2/m):

529
Modified required reinforcement (mm2/m):

520
Original required reinforcement (mm2/m):

520
Coordinates (m):

1.00;1.00

1.00;2.00

529
520
520

0.00;1.00

529 529
520 520
520 520
0.00;1.00

1.5.2. Maximum moments + reinforcement for bending, compression/tension

AXx(+)
Ay(-)

Symbol: required area/provided area

Ax(+) (mm2/m) 520/529
520/529

AX(-) (mm2/m) 520/529
520/529

Ay(+) (mm2/m) 520/529
520/529

Ay(-) (mm2/m) 520/529
520/529

Coordinates (m) 1.00;1.00
1.00;2.00

Coordinates* (m) 0.00;0.00;0.00
0.00;1.00;0.00

AX(-)

520/529
520/529
520/529

520/529

0.00;1.00

-1.00;0.00;0.00

Ay(+)

520/529
520/529
520/529

520/529

0.00;1.00

-1.00;0.00;0.00

* - Coordinates in the structure global coordinate system

1.5.4. Deflection
[f(+)] = 0 (mm) <= fdop(+) = 30 (mm)
[f(-)] = 0 (mm) <= fdop(-) = 30 (mm)

2. Loads:
Case Type List Value
1 self-weight 14t018 PZ Negative
2 (FE) uniform 14 PZ=-1.50(kN/m2)
3 (FE) uniform 14 PZ=-2.50(kN/m2)
Combination/Component Definition

ULS/4

3. Results - detailing

List of solutions:
Reinforcement: bars
Solution no.

1

(1+2)*1.20+3*1.60

Reinforcement range Total weight
Diameter / Weight (kG)
- 66.48

Results for the solution no. 1

Reinforcement zones

Bottom reinforcement
Name

1/1- Ax Main

coordinates Provided reinforcement At

x1 yl X2 y2 o (mm) / (mm)
(mm2/m) (mm2/m)
0.00 0.00 2.00 2.00 16.0 /380 520 <
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1/2- Ay Perpendicular 0.00 0.00

Top reinforcement

Name coordinates
x1 yl
(mm2/m)

1/1+ Ax Main 0.00 0.00

1/2+ Ay Perpendicular 0.00 0.00

4.  Material survey

Concrete volume
Formwork

Slab circumference
Area of openings

Steel

Total weight

Density

Average diameter

Survey according to diameters:

Diameter Length

(m)
16 1.94

2.00 2.00

x2 y2

(mm2/m)

2.00 2.00

2.00 2.00
Number:
24

16.0/380

CH2

520 < 529

Provided reinforcement At Ar
¢ (mm) / (mm)

16.0 /380
16.0 /380

= 1.60 (m3)
= 4.00 (M2)
=8.00 (m)

=0.00 (M2)

=73.51 (kG)
=45.95 (kG/m3)
=16.0 (mm)

520 < 529
520 < 529

i) Sl 5 a
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SBCCI, the Southern Building Code Congress International, the
publishers of the Standard Building Code SBC
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OSH Ggeaall a5 alladl Jsa cpinal) Gpanigal) Jiall 1852 ale conli ny ) e Apmen o
Sijiy alall Jsa sme 140,000 oo Wbl a0 35 3 alladl 8 Cpiaall Cpudigall aans
sl Y ) A8yl slall (s aledl) iy saaal) La ol €L Gruatigall iy jai o Ledloal
Gode Jifiase by e 0 )38 328 Ly skt gl | digar

b R Lhega s S 5! sasiall Yl (A dsaal) duig) diga Jiialy o 8 dumaal oo Lgtiega
psiiy adinall allas daxds dpaa) duvigll sk LS b Leibiacy Ll Al g
ausall alaill jaliaall g ol 9a¥) 58 63 Aali] 5 el drigl) Cilaa gl S5 53 ool aaalliy dmaal)
T comiall Cpmatigall (e AL ) jlen i ghai s aandily L) Apmaal) o g5 Agall lauay

Al g Agiall Al g liie s Aginall ay jLiall 3aiall 5 5laY) o]

538 383 Lpald aly waall alalie Jiiai 8 dlle ol S AlSal Cigg ) b 58 Y gmali s lliag
Bl 5 2 el Q] ABQY) ) A g 1) ¢ (galeaBY 5 (p¥) acdaial) HLER) 5 panail] b adaliall
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Steel Warehouse Design 3D ba¥) 4530 sl cilaival) aranad

LS Alggms Ll Uiy 400all alsall (p3ad 5l dpelia ()aeS Claiuall ol Jarind
A0V sl Cleli) alle 3150 ) s 381 il gd Gl Lgiial)

Q‘;M\o&dﬂdﬂlﬁj*ﬂm&y&{)ﬁm

Pay Length 5.0 meter

Number of pay [x-dir.] 6

Column height 5.0 meter

Span length [y-dir.] 12.0 meter

Footing dimensions 1.2 x 0.8 x0.8 meter

RC compressive strength (cylinder) 24.1 MPa

Lol 45 )l cildlaay) il sals yall ) caals

BY structural Axis - O X || ER structural Axis - O hud &% Structural Axis — m| x
Name: | Structure axis ~ | Name: | Structure axis ~ | Name: | Structure axis ~ |
| Cartesan || cylndrical || arbirtary ||| [ cartesan || Cyindrical || Arbitrary | [ cartesan ][ cCylindrical | [ Arbitrary |
| Advanced parameters | | Advanced parameters | | Advanced parameters |

X Y z X ¥ z X Y z
Position: No. of repet.: Digtance: Position: No. of repet.: Digtance: Position: No. of repet.: Distance:
Emlem [ H [ o Elw 2 JH [ o Elw [0 H [ ]m
Label Position Label Position Label Position
0,00 0.00 0,00 0.00 +0.00 0.00
+5.00 5.00 46.00 6.00 +3.00 5.00
10,00 10.00 Delete (12000 Y [-Z-SCum—
+15.00 15.00
+25.00 25.00
Mumbering: |\.|'alue Vl | Yoty | Numbering: |Value V| | Yoty | Numbering: |'u'alue V| | oty |
| New | | Axis manager | | New | | Axis manager | | New | | Axis manager |
I Apply I | Close | | Help | I Apply I | Close | | Help | I Apply I | Close | | Help |
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:\_UM\ ua:ahaﬂ\ aa< L@.‘I\.kr—\ s Blac ! U_:..).ﬂ.a.} (z}u

T Mew Section — O * :l : Column - iy

Section type: | Steel ~ | Gamma angle: {Deg} Mumber: Step:

Material: | STEEL V| Name: Column_1 [ |
Properties

Standard | parametric | Tapered | Compound | Spedal | Ax, Iy, Iz ...

1 (] variable
L, 2| T T L

T 204 | o) Secton:  |HP Bx36 ~|2]

Section type: |Stee| column w |

// Label Section selection Default material: STEEL
abel:
Database: AISC 14.0
HF 8x36 o
/Z| | American hot rolled shapes (AISC E| Geometry (m)
/ Colar: Auto Family: lﬁ Beginning: | 25.00; 6.00; 5.00
Bearing Piles (HP-Shapes) Height;
Crientaiion: () Up (Z+)

Section: (2 Down (23
Ol Wsm—plasﬁc analysis | | add | | Close | | Help |

Lindl e saee W) Jial & i

.51;3‘2“ J#a_u e}s.a SUA ):m 12 R )JSY\ cliaall a\;l} U“‘:‘S clas.as 3ac Y a@\ U\ LA

=2
| ‘T i"
e F (¥l
+12.00 ) LRONT”/‘
~—i
- +5.00 )
[ /1 NS ! (+1500)
— T 1 TR SR 1 [l { 00 )
‘Li‘.’.'.'(‘/" 'i'/ : . Sen ; +20.00
1 S5 : RIS ! +2500 )
SR 4= 1 Itmea T =
e T i e : Gaoo)
21 R SRS SIS ! T
750 ); A e ! ! e RS [
< RS ! i T
e : S : : G1.30)
(500 i o=l :
e 3 S 1
: G S g
; - o ~(3500)
et - e | s
s - S - Treae
- e, A S
- < RS R ” TN~
e T E e b e B e B
(En: @V‘\\ P a0 —Re~il = ¥ S EICa
S +500 ) 33 . maiegnl : -8 —
/:h‘rﬁo;‘\ \A""‘>~4 /'/ o2 Pt ate s ¥ 'iéyj*””:“:’)
R it = - - ey <
TR S - - Tt -
(+1500) = L 25, e
: oo =2 - (+6.00 )
#2000 ) e s
(+2500) - B
_ : (Gaooo) (2000)
IObJect/wmdow/capture selection i T
L&
30 Z=000m - Base [a|v View

Baee U slaty) il (gamma ) by aadiu

42390 s A ) cheiy Laaall a1 IS e y5
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|A|V View

Aonaal) Glaiall Jias) 2 ladey

I Mew Section — O it

Material: |STEE_ V|
/ Standard | Parametric | Tapered Compound  Spedal | Ax, Iy, Iz ...
[
@e|Ooo IT|T|T|C|E
" ==
Label: Dimensions {mm})
b = 100
[RECT 3 |
/ h = 50
Color: Auto w _
t= |4
Ll h [ 5olid
b
O | Elasto-plastic analysis |

bl LSS e aiaal a5 wieaall il (gapaall adalal) sl aay
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T T T T T T T T T T T T T T T T T T T T T T
2.0 0.0 2.0 4.0 8.0 B0 10.0 12.0 14.0 16.0 18.0
— P
+0.00 ) 6.00 12.00
o R =2 = RIGHT |
L, . . . : o
= ] i I =4
1 1 1
v 1 1 1 b
1 1 1
|- o. ! ; 1 . o
= 1 1 1 e =
-+ 700 - e R L= it i ek i +7.80 )
- ; i . .
i i
! 1 !
|-o ] ! o _
%] | : o
1 I
1 1
[ (4500 == rmimimimea : R PR L P R PR P P R (+500) o
1
i
|_o . = _|
- ! =}
1
B ] d
1
i
<. A ~_
o ! o
1
- ]
i Object/window/capture selection i
1
=S (2000 == rmimemimem T T YR - SEYE TR TERED EICTEIEER ———— e R (20,00 )8 —
| ] ] I
II:‘ +0.00 ) (+6.00) (+12.00)
Y
20 . 4o o 2 Yz X =0.00 m - Struclure xis £0.00 |a|v1z0 . 140 . 150 160 View

. adiall (s e (PUrling) cbaa) Shall a5 o 685 Laany

Autodesk Robot Structural Analysis Professional 2017 - Project: Structure - Results (FEM): none H Type a keyword or phrase - X
File Edit View Geometry Loads Analysis  Results Design  Tools  Add-ns  Window Help Community — X
DI2HEYREXERNG EEH ARG EYA M2 s HiEeorn
2 J 2 J &
~ —_—
Object Inspect: X A
— s @
HEE @ @ I,
[ ‘ HT
Objects Number of "l picH
Bl Objects of a mode! ts} O
- | Columns 014 =1 @
A Nodes 0/203 =
— Beams 0/246 [[‘]] ”
-------- oty ot
ap A
);( \
3 =
[+ L 4
Geometry / Groups )\/ i
Name vaue  [unit] ~ )\~ g
I
5
m

PRAd AvaN

Y

| & &
! kN Z-0.00m-Base |«]~ v

E‘ng‘ﬁl | R =2 2 =< == 3 [[38[ =™ %
View

SV @@ T () Results (FEM): none 207 Bl 263 TH100_CONCR 11 %=17.37 y=23.06; z=-1.03 = 0.00 [m] [kN] [Deg]
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0 Claddings = X
Object No. | 264
Load distribution:

| Definition method ]
A ((+20.00
(+5.00 ,/ Ty _ ; Pl (O contour

EI ®Rectangle

P2 P2 |Ocirde

G (+2500)

=% | Geometry I
A g o= M| Parameters ]
r)s[uj')" o N ‘ n .\h\’ [ Apply | I Close I I Help ]
. T Rectangle. First point. f500 )
(+1500) il
,-”/’ V( +6.00 )
z A —
t v (+3000 ) C;T‘F_)
3D | Z=000m-Base ||~ View v
12l n s el =] = < E ] > [BE[==]™] .

& (L3x3X0.1875) Ayl 31 duas alasinls Laiall il a5 pedans 4y 8 s 5 S Jamy 583

T = T TS —

——
- ¥
—— ! ~. '  Properties
+ T Mew Section - O >
o
fim]
m
Section type: | Steel ~ | Gamma angle: {Deg]l
Material: | sTEEL v|

Standard | parametric | Tapered | Compound | Spedal | Ax, Iy, Iz...

1 y [ variabl
E@‘ I IE = IIi -l-l-l—_rl Iir{mem}
Section selection

Label:
Database: AISC 14.0

| L 3x3x0.1875 hd | | American hu}éﬂd shapes (AISC E|

Color: Auto w Family: L w
American Stan Channels (C-
Shapes)
Section: L 3x3x0.1875 o

Il | Eﬁ;—plasﬁc analysis |

|

75w~ 7

% £
. T T L F INE T

8/

Ll e o) a1 cudin
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o el e s o e Rl S Jaal 8 e

STw—
\I'\_\ (+2000)
1 s ! | 1
oS TN
SN L L
S2500 ) 2
ol

Laaall sy cufly
& Supports — 0 X T saee W as) gl ade aadid) ST 5 saee V) Cant A & i

DX EEE & &

gl i e Laiall o 3 Ll i IS ()Y

Nodal |Linear I Planar I

X Daiee w5l e Lade Jaal) s 4a gt o) ol 138 JLeS) aay
- « 7 gl O s () 4a st el 1
:Z[T:;:rt_l (DL1) Jeal) an Ly Ll ) g lalial) ()3 5) canems

dathaial) Jlea¥l adl ALS 2 jo e (oK o) padiidd) Je cany

Ll gl 48y 5k

Current selection

[ Apply -‘ | Close || Help |

2o/ w38 12 Jlaiay Jin g stinad) (358 Cue Jos i Lia

o shaal) o Lail g g pll s 5 48 58 Cilmy Y5 48 jaie doa Jlaa) e (s 5n Y Liiall o lsiels
Ayl
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ez ol B 1 o Vs &l & Ag]

5 A
-3 ey
et 4000 ) 1 FP‘ONT ]1)?(:
8§ ! ) S’

+10.00
. {_+15.00
. (+20.00 )

/I >-FDH 2Bl %

A I X =T

Y W kPa
LK Cases: 2 (DL2)

3D Z=000 m - Base ||~ View

= 2 =2 = . C ] > [BE[=]™]

<

&
P pEE AyRH PEL

[[FTHEL T

sy sl faw | Jwea3d (Load Combinations) Jes a sé

=/ Autodesk Robot Structural Analysis Professional 2017 - Project: Structure - Results (FEM): out of date uTypeﬂkeyﬂvﬂrdorphmse Sign In - - x
File Edit View Geometry loads  Analysis  Results Design  Tools  Add-ns  Window  Help Community —E X
g = Dy T > :
DeHa¥RE@XaRNN ——
Lt ?
A q 2 DI e
Object Inspector £ g PEERE
HER A - g
Ot PHASE OF ANALYSIS

iF _T i
Obiects Number of .. l RONT I"‘«‘

3 -
3 G ot . I | s

| Columns 014

=]

Nodes [l =
= Beams o270 i

i &7 Claddings 074 |l]‘

~- ALpdliary objects dub

>

=

&

X

Parameters of the material used in the object are different from parameters defined in preferences. ~

Geometry /, Groups [ Number of errors: 0

Number of warnings: 2

A~
“
Name | Value —[Unit] A |3~ 22:05:09 End of the structure verification
) - 22:09:09 Start of the analysis v
~a < >
[l i
g ‘_‘;"':—J)L’ Statistics Resources InUse
~ Number of Nodes : 182 Memory
= Mumber of Elements : 431 Disk.
~ Mumber of Equations Come
Bandwidth Start of Analysis ©
! nital 0 Estimat. Run Time : .
Optimized $0.00 )
E i MNumber of blocks: i Calculation Prioritizs Normal ~
- F Ay r - W kPa
e | LS| [ ] Geses:2 (0L2)
\_/ @l Ll Z=UN0T - BasE = View v
IS LabE I A 7 = o e 72 D ' 1 > [EE=m

View

(LY
- f e dx 7@ oA

T-W/-YAL

.; e “ L:. an‘.sa@&; "’!S& A9 g (gja_} u)\c\ ‘M})M}A ;LL.AY\ Qe O\ hy
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Aa gliay apas a2iius Wiy Co e (a9 JISly (S0 ((121-) Ll eliac Y dlgal) 50 o Laadls
L) J sie 568 A (280 MPa) ! (36 Ksi) o_laie Ialaazai¥) g a5l

M N RS Code Combinations reqrs Ve Oy
. 5 max({My}) 5 max{Mz} 5 min{My} 5 min{Mz}
S max (MPa) | 5 min (MPa) (MPa) (MPa) (MPa) (MPa) FxiAx (MPa)
MAX 53043 12.51 4694 44 .30 -0.00 173 2222
Bar 280 114 286 19 116 231 115
Node 4 132 24 32 132 32 20
Caze ULS2 ULS2 ULS2 ULs2 ULS/3 uLs2 uLs2
MIN -4.39 -121.19 0.00 0.00 -126.49 -44 20 -2(+.46
Bar 131 ﬂ 281 116 ot 285 19 a0
Hode 143 ¢ 3 132 157 24 32 16
Caze ULS2 ULS2 ULS/3 ULS/3 ULS2 uLs2 uLss2

Sl I caads Al adaliall daidle s saee V) (gl an i Lisall 4a Dl (e ST 2ay
ALY adlls (5835 3l jall 3 seall e 58l 220 (Object properties)

e @ 1.2 [ULS Code Combinations VA &2 @aﬁ’
, —

- \
e —
o . \‘\\_
o \

£ Bar Properties: 11 - 3 (ULS) Component 0/3
Geometry Properties NTM Displacements Code check
SR < S it Section: HP 8x36 @Fﬂd Column .
NSO L Material: STEEL Re=  248.21 MPa ¥
Z T LRFD2000 Section OK s
-
= PR Symbol| Ax, Iy, 12| unit | Description ~
S Ratio:
S0 RAT [ 0.02] Efficiency ratio
S 3 ULS /2/ 1*1.40 + 2*1.40 |Governing load case - ULS
>
S x=0.00L=0.00m Point
A Other
) Lambda | 5875] [Slenderness ratio
HJ s ) Lambda ] 100.96| |Slendemess ratio
- Bhia ] = Displacements (GLOBAL SYSTEM):
e A g vX ] 0| mm |Member displacement along X axis
R N e mav | 22 mm A har dicnl + alnnn ¥ avi o
- e~ | apply | [ cose | [ Printout
z S— TS Pk
| Y - RS
"~-\”V_ Cases: 3tod
3D Z=000m - Base |a|~ . e View
An-lniselle] -l =] < [ 1 > [pE][=][™)]

X 5 daaall e Uadl) s Juai¥) Lalas aveai W i o (steel connection design) Sty
ke (el S Dol A ae
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T T 7

e

Design | Tools Add-Ins  Window Help  Community

LT e

4 Steel Members Design ...

M Steel Members Design - Options 4
Steel Connections Design ...

@@ Timber Members Design ...
Timber Members Design - Options 4

Required Reinforcernent of RC Beams/Columns ..

Required Reinforcement of Beams/Columns - Options 4
Required Reinforcement of RC Slabs/Walls ...
Required Reinforcement of Slabs/Walls - Options 4

7 Provided Reinforcement of RC Elements

—

(connection

new connection of selected bar) JY)

S AT QLY 5 gannall 3 gaadl (o day ) Jealil Bna 5380 ol i

._w ﬁ | P Connections

PN, 1

7] B FEFR

F S ]

|: "7

21 vl 7

ucture - Cases: 1 (DL1)

me Connection View = Structure | Resutts

l I ===

]
ey
o o

R Define a Fixed Column Base connection - EN 1993-1-8:2005/AC:2009 h o
i File Help
|—I Column ‘ Number- Mame, |Fixedmlumn base H
Plate Barno : 11 v | —
r 1 5 -
ion: HP 8436 hr >
ﬂ Anchorage Section: n gl "
Material: STEEL | o
. n
J; Wedge Column ::
Section height: he = 204 mm i
di. Welds 4
Section flange width: bf = 207 mm
E Foundation Flangethickness: te = 11mm
‘ _@ Code parameters Web thickness: twe = 11mm
i Fillet radius: e = 17 mm
Column stiffening Te
(® Without brackets _bIc
(O Simple stiffening e N
[
(O stiffening with trapezoid plate
[] stiffening with top plate
Apply I | 0K | | Cancel |
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i File Help

1 Column
Jl Plate

JL. Stiffeners

ﬂ Anchorage

_@ Code parameters

Stiffeners parameters

Stiffener type:

Length:
Height:
Width:

Thickness:

Horizontal stiffener thidmess

Horizontal cut:

Vertical cut:

AUTODESK ROBOT ANALYSIS AND DESIGN
(Base plate) auaall dssiall sl Ji)
[l Define a Fixed Column Base connection - EN 1993-1-8:2005/AC:2009 X
i File Help
1 Top plate
Column Length: lpu =
Jl Plate Width: bpu =
Thickness: tpu = v
.&- Stiffeners Material: STEEL A53 Gr.B ~|
ﬂ Anchorage
Base plate
J} Wedge
dib. Welds Thickness: m— Tpd =
E Foundation Material: |STEEL AS3 Gr.B v
_ﬁ Code parameters _
_| Column base
L Jre—
Length: pp =
Width: - Ipd
Thickness: pp =
Material: STEEL AS3 Gr.E |
_; Apply | | oK | | Cancel
(Stiffeners) slewall (hase plate) Asuioa 5 3 garll (g 4 o8l mildia Can
[ Define a Fixed Column Base connection - EM 1993-1-8:2005/AC: 2009 >

'\h_l—“

—dp -
—_— -
— b
—
—-

thr =
dz=

|I
II
I

(Anchorage) slewall o) ((laiuyl) ) as 55 e

axiisall () W) 5 Ay slaall HUREY) 5 aleally Dlaall (5 gl 8 Claiad) 038 85 Cpe 2SUN Lin g
b 858 are e W s I e
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CH3

i File Help

I Column

Plate

Stiffeners

Anchorage

Wedge

Welds

Foundation

B I B == B =

Code parameters

Arrangement
Number of rows:

Number of columns:

Vertical spacing:

Harizontal spadng:

[ Define a Fixed Column Base connection - EN 1993-1-8:2005/AC: 2009

My =

II

nH

Shear plane
(® Unthreaded portion
(O Threaded portion

By1iByzie= |300 mm

EH1iBHZ b= |300 mm

Offset: m=
Anchors
Type: -Q i
Anchor plate
Length: lap =
Width: bap =
Thickness: tap =
Material: STEEL AS3Gr.B w

| dy =

=]

m m
Fal 0
= =
B
] w
=l a
o o
o, n,
a8 &

L3 = 114mm
Ly = 95 mm
Washer:
lwd =
bwd = |57 mm
twd =

ﬁ

\
L3
Lz
J
el E e e
[5] =]
2 _ ——
evz = =
= | @ ||
R
| Apply | | oK | | Cancel |

Help

Column
Plate
Stiffeners
Anchorage
Wedge

Welds

Foundation

B Bt = e B b | 2

Code parameters

Foundation
Length:
Width:

Height:

Concrete:

Grout layer

Thickness:

R Define a Fixed Colurmn Base connection - EM 1993-1-3:2005/AC: 2009

ﬁ Apply H.$ oK || Cancel

s O aa s a5 A3l AN G Jlad¥! 13 daMa oludial ) 4s g VYT JlaSin) e
(1.0) 0o J8) il day apanail) J 58

Ll Sl | 33 5 clilany 5 ALY LgianSlm 5 Jluati¥) Al 3850 o s (calculation) Stesy)
Ll Gl ol (8 Loy Lgamd ) ol Ll ol i il
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P Results = e
Scheme | Cornection View | Stucture | Results
Autodesk Robot Structural Analysis Professional 2017 @ W
@ Fixed column base desigh
Eurocode 3: EN 1993-1-8:2005/AC:2009 + CEB Design Guide: Design of fastenings in concrete %i;'—;o

1200

El=E]
o salll SliSay Apalail) e LSl o Al At 8 5 %7 N S Al 5 aanailly J el
Lal L alagl 5 45 sl milin dlass Qi S g ala 12 N ale 16 (30 pnaall dadiall el Jlil
A sasall 3 gaadl W yhad a5 (Say LS5 Y1 daell aida g i)

S g A gd ) Al iy (53 Jiaiy) USG5 aaY

P‘ Connection View EI@

Scheme | Connection View | Stucture | Results

Rotate 20. Press left mouse button and rotate the struch

Jlall gl
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(Portal Frame) 4 sise e <aiul) Cld Lpaall Gl slaad) e ja) Jhia
le sire ¢Aplll Lpalladl oall JA ( Portal Frame) J (oubasd) el JSall ol 23 8
axdi 5 dgelall ¢ Jlaall i Lalasial JSYI ga (V) 2K (ddiie oy Cilie aiad ) dalall
alasiuly Lulul & gil) 138 (e U glaad) Caaed aal 5 ilda (e duelicall JSLell S JIKEY) 30l
it Laall Gleladll jabic o gla s el Juadl agd Jal ey coaladl e i jad) oL
555 sl deall (Gauigall U8 e b il dy adll s Jalaill 3l e slaie V) 23 sliadY)
Aoalaidy) Aladl ) J sea sl Ol slaadl 028 (o 4dlida &\}3\ OV a3 paiiaddl (pe pael) ¢l

O a8 Bl

Pay Length 6.0 meter

Number of pay [x-dir.] 10

Column height 5.5 meter

Span length [y-dir.] 30.0 meter

Footing dimensions 1.5 x 1.2 x1.2 meter

RC compressive strength (cylinder) 24.1 MPa

Steel sections strength 36 ksi or 284.2 MPa

connecnons ridge

) é / ift
em ﬁ‘ rafter
ﬁ % ‘/stanchion

(a) Haunched portal frame
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eSSy

]
1FRoyy | g[ﬁH7 |
= | J

L

Cases: 1 (DL1)
30 Z=000m - Base |«]* View

T ]

st s Liiall 1] papanl) adaliall alasiiv o3

Stanchion or Column HP12x84 American section
Rafter or Beam W12x84 American section
Purlins (<bal k) Rect. [100x50x3] mm American section
Crossed strength 2L 3x3x0.25 inches American section
s6d Jaa ¥ Ll

Dead load [self-weight] DL1 Added by robot

Dead load on Roof DL2 0.03 kN/m?

Live load on Roof LL1 0.05 kN/m?

Wind load Wind 0.10 kN/m?

kel Jglaad) 8 Al (al sl o g Liinall Jiday fags

(£ULS and £SLS) 2:¥ (Automatic Combinations ) aaaiul
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[ k. Autodesk Robot Structural Analysis Professional 2017 - Project: PORTAL FRAME (60X30)m - Results (FEM): during analysis urm a keyword or phrase lan 55+ Q. signin e — X
File  Edit View Geometry loads  Analysis  Results  Design  Tools  Add-lns  Window  Help  Community — 3%
DQ %m@@@ Xx % V[’Atd k Robot Struct: \Alf \Cllt — X =
n 9 9 X wutodes 0001 ructural Analysis Frotessional - Calculations - na - a
‘A v] L [= ~]ef? E 15072017 STATIC ANALYSIS 15.02:34 e % CD? ﬂi =, @ 6 oo "EE ‘
g pv— -~ = " @
b SPARSE DIRECT SOLVER e O+
~gH¥E Q@ D
PHASE OF ANALYSIS ] n
D"l Obiscis Nurber of Grw) ,%”T: e
& B} Objects of a model Reordering —/ ‘ 00:00:01 [~ - ; It A
- 1 +18.00
= — Beams 1/312 0 ~
= | Columns 022 Solution — | 00:00:01 i 3
In <7 Claddings 04 i §
A Nodes 0/257 Resolution stage - ‘ 00:00:01 .
dﬂh B Aundiary objects ~ A
e B~ 1% Dimension lines 046 ~ - 2 | ‘ I
& Gam) s
| r Calculation Messages =
|+ I Faces (the objects without assigned thickness) not used in solid area generation. FE mesh has not been gene » —
A~ () Number of errars: 0 ml
A == Number of warrings: 1 m
X Geometry [ Groups 15:02:34 End of the structure verification e
;/ ‘ Name Value Unit A o234 fStart of the analysic s .ﬂ]l
Compone... 350 < ?
g Element fy... beam Statistics Resources InUse %
~  [Eleeometry MNumber of Nodes 207 Memary 5000,875 0.311 =]
= :z;g;: 8 ;; (m) Number of Elements 576 Disk 342507.020 0.895
. b
F Node 2 73 MNumber of Equations 1650 Case 1
0 Type of c. cartesian Frontwidth Start of Analysis : 15:02:34 F
IE[Properties Initial et o T
Gamma 0.0 | (Deq) Optimized : : @
s —Foras— : e £ colan s d&
= A g - pace | [ swp | [Crep | v
“~Bars, 30 7= U= B =T~
| FIF| =5 I =3 I
View
I:E_.E r:v.;-':;n e A 7 Em A
< . B e N e - . o= . . T
Jax 8 Ladae ) Ladlds S IS Ll Al U8 ) ypdaiil) Wl (O) Leiad cUadW) dae ) Jaadl
“ .
L Aaga e
(RESULTS =2 STRESSES) Jla¥! (e Laall cileUadll e chlalga) sel il 4a 5
I
. 5 max({My) 5 max({Mz) 5 min{My} 5 min{Mz}
5 max (MPa 5 min (MPa FxfAx (MPa
- ( } ( } {MPa) {MPa) {MPa) {MPa}) ( J
MAX &0.50 0. ©6.95 o040 12.07 -0.00 4.41
Bar 40 27 40 337 338 32 205
Hode a0 228 a0 50 50 63 120
Case 5(C) 4 5(C) 5(C) SLEH 1 ULS?2
MIH -0.06 -54.53 -0.03 0.00 -56.58 45 59 -0.91
Bar 310 40 336 32 40 ST 306
Hode 24 &l 6 63 80 50 343
Caze 4 3 (C) 4 1 5(C) SLS/4 5(C)

el L) ()8 GUAl QIS S0 (284.2) (e B 58 5 JSuls 140 (89.9) () oy g e
enY Lgie 5aaly o sias S o sllaall (g 5S) aaliall ¢ 555 Lay 5 (S0 5 il

o Lag ) Bl il V) (Y el Jasaa a3 4SS g 4 e Liinall el 391 36 ) gl
850 55 151 Flal) gyl RS s pom Liall Citl e Gl 555 Ale oLin e
Lo S e a5 b 48 silla o as

(RESULTS =—> Displacements) Jt¥! (e
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UX {mm) UY (mm) UZ {(mm) RX (Rad) RY {Rad) RZ (Rad}
MAX 0.3 136 29 0.007 0.008 0.001
Node 329 80 297 139 340 340
Case ULS2 5(C) 4 uLS/2 5(C) 5 (C)
MIN 0.3 106 65.0 -0.007 -0.008 ~0.001
Node a7 82 120 124 %6 o6
Case ULS2 ULS/2 ULS/2 5(C) 5 (C) 5 (C)

Lle g1 d] guaa yiiadyg @‘)MLMQ_LL\&J?SA(136) ‘;\ 488y dal 3y d.;a.\(y) NEGY I EREY,

ol 25 Ge (st JB) LY

Clal Y 5S) 385 ) oy Ui 5 sanaall 3 ganll Gl i g e A5LEY) A saiall (gal o 3811

a‘)w&:ﬂ\dj.uj\‘;c
O+ FHF EO LT B

‘“'-. Bar Properties : 39 - 5 (COMB1)

Section:
Material:

Geometry | Properties

W™ Digplacementz | Code chedk
HP 17x84 €= Type: Column
Re = 413.69 MFa

STEEL AS¥2-40

ANSIAISC 3t

Section QK €

\

Symbol| Ax, ly, Iz| Unit | Description -
Ratio:
RaT | 0.23] Efficiency ratio
6 ULS f2 1%1 .20 + 2*1.20 (Governing load case - ULS
x=1.0L=550m Point
Other
Lambda 4212 Slenderness ratio
Lambda 73.59 Slenderness ratio
Dizplacements {GLOBAL SYSTEM):
wxt 0.0 mm [Member displacement along X axis -
1wt maw 117 mm Allnurahla mamhar dicnlacamant alnna W oawi
Apply Close | | Printout |

Vi

ALY Gailiadll g Lo g il AT 8 gl 5 LALET J e 3 ganll adaila (o)) JaaY
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Sy sl y Hsmadl G o) Gaaall ) suall 5 3 5eall G (CONNECEIONS) Arasat] 4 55 o)) J 8
Agalai®y) Lind) dpala gl an il o ganll 5 Sl Al (bl G

Previous Selection

Cut

: =, : +45.00
i I C""'—'J«l::g%f
| P Teeel (o hpef
s i U=l ¢
e e
e
M<"

Copy
= Delete 30 90
& Rotate 3D
‘¢ Window Ctrl+Alt+L
4 Pan
3 Redraw
4R Zoom All Ctrl+Alt+D Select Adjoining Bars/Objects
S ” Select by Cross-section
R D €< :
Select by Material W kPa
L{‘ R Ttlee Select by Thickness -PZ kG
r £ Screen Capture.. Sul AlteQ Select by Reinforcement Type mas s oMl
- Select by Support Mowis =
Copy Properties...
Object Properties...

(design ——> steel member design) ¥ ) 4s 55 laasy

EiFRum- I pibh
- (i

=~ B
| )
e -

Basic data

5% I Definitions - ANSIZAISC 360-10 — [m| be
) = Members | Groups
(oo = Number: 1 - New L ol ) Ae sanall o

Member list:

Name:

23 24t043 Sections. e
STEEL COL. HP12%84 | | Par. sections

L85 ) el e sanall Al )

Material: [ STEEL Carbon Fy 36 ksi

€

33l e sanall 53ke da glie

| el

Cases: 5 (COMB1)

View w

> [[2E][==][™] .

Save calculation results

oK | | Delete | | Save | | Help
- Calculations - ANSI/AISC 360-10 =
-C Verification options
(® Member verification: 23 29to43
T} (O Code group verification: | List |
L
I (") Code group design: List
window/capture selection i [] optimization
Limit states
ULS: 1to6 [ust |
sLS:
Dead loads: 1to4 3
Live loads: 1to4 9 List
. Total loads: 1to4 9
-FZ kG Calaulation archive

Results storage

[ o

| |Conﬁguration| |Ca|cu|ah'ons| |

Help
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.(options) & (Optimization) i ¢« s (Code group design) St I 4s 55

E 53 I Definitions - ANSIJAISC 360-10 — | *
- ! (+4800 ) ~ Members | Groups
. —_— . e —
+5 E=lo T =T
(k | 4, ] =T Number: | 1 w | New
i !L‘F‘BHT : R'GH'! | Basic data
L Member list: | 2 3 24to43 | Sections
e
~ Name: | STEEL COL. HP 12484 | [Par. sections
T Material: | STEEL Carbon Fy 36 ksi ~|
| 0K | | Delete | | Save | | Help |
* I Calculations - ANSI/AISC 360-10 —
Optimization options Verification options
(O Member verification: | 23 24t043 |
Weight € {mm) i :
(O Code group verification: | | List
[]Maximum section height: (®) Code group design: | | st |
|:| Minimum section height: Dptimization | Options |
[ maximum flange width: Limit state:
] Minimum flange thickness: L= | 1tod | [ st ]
] Minimum web thidness: [dsLs: - -
Dead loads: 1049 | = |
Calculations for the entire set of sections Live lnads: 1104 9 : List :
— ld Tokal loads: 1to4 9 | = |
@ kP2 L List |
-PZ kG Calalation archive I
Cases: 3 (COMB1) Save calaulation results | RES’IIE storage |
.| View v i
> [EI[E' i | oK | |Conﬁgurahon | | Calaulations | | Help |

Al Y gl e 5 (381 geali ) o shaus Watic

2L ANSIZAISC 360-10 - Code Group Design [ ULS ) 1 - O X

Results | Messages | Cale. Note | [ Close |

Member |  Section | Material | Lay | Laz | Ratio Case

Code group: 1 STEEL COL. HP12x34

Ii HP 8x36 64.63| 111.05 1.44
40 Column_40 |% | HP 10x42 STEEL 52.62 50.05 0592 5 CONB1
HP 12x53 43.00 7565 062

Calculation points
Diwision: n=3
Extremes: none
Additional:  none

a5 adalial) ol i LY At (o Sl (a5 pananall el Waellae ) il el jLall Jaay
s (HP12x53) gdaiall I (HP12X84) alaie (30 3 sanll ks Wiy Gl (0.62) o dossd
el Al (g L Laga o) Gl O Al (3 gl 3 8 sl Conin panmall LY

e aall adaiall yuaill 23 (change all) S () 4a sill s dlee aciadl e LS
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Lindl Jal a @y @bl didaill sale ) ) 2 Uiacia

Anlud) Gl ) a ¥ Gy g oy anall ) sual) 381 4a 50

AL ANSI/AISC 360-10 - Code Group Deesign { ULS ) 2 — O

s

Results | Messages | Calc, Note | I Close I

Member | Section | Material | Lay | Laz | Ratio | Case

Code group: 2 STEEL beams W12

[ w 1285 70.09| 353.45 1.37 Change all
67 Beam 67 [ |w 12x65 STEEL 113.33| 19836 0.76 5 COMB1
n ‘l‘
W Bx6T 161.12| 28231 0.91 Calcuiatich points

Division: n=3
Extremes none

Additional:  none

(W12x83) Ju (W12X65) s Jumi¥) HLisyl
ALald A8, Uy guine uaal ) guall Bl (58080 lilan s il 3pa) adaiall e o 53 130

3 RESULTS - Code - ANSIFAISC 360-10 —

z 0K
Code 2 STEEL beams W12 Section OK

Foint / Coordinate: 3/x=L00L=1521m
| W 1265 "| Load case: SCOMBL (1+2)*1.20+3%1.60 +4%1.00

Change
Simplified results | Detailed results

MEMEER. FARAMETERS

O
>

Ly =15.21m Lz =15.21m
Ch
1_10 Ky = 1.00 1_10 Kz = 1.00 o | tb=1521m
Klyfry = 113.33 Klzfrz = 198.36 Cb=1.00 Forces
INTERMNAL FORCES: DESIGMN STREMGTHS
Tr = 0.07 kN*m frvy,mx = 1.20 MPa
Pr =53.05kN frvz,mx = 0.77 MPa Fic*Pn = 437.82 kN
Mry = -143.04 kN*m Vry = 0.23 kN Fib*Mny = 203.85 kN*m Fiv®ny = 1255.59 kN
Mrz = 0,12 kN*m Vrz =-34.37 kN Fib*Mnz = 161. 44 kiN*m 1.00*nz = 453.41 kN
Calc. Note
SAFETY FACTORS SECTIOMN ELEMENTS
Fic =0.90 Fb =090 Fiv=0.90 FIT =0.90 Flange = Compact Web = Compact
resas

Pri(Z*Fc*Pn) + Mry/(Fib*Mny) + Mrzf{Fib™*Mnz) = 0.76 < 1.00 LRFD (H1-1b)
thon }ryf{Fiv*’Unﬂ + froy,muf(0.6%Fiv Fy) = 0.01 < 1.00  ¥rz/{1.00%nz) + frvz,mxf(0.6%1.00%Fy) = 0.08 < 1.00 LRFD
KyfRLyfry = 113,33 < (K*1/r),max = 200.00 Kz*flzfrz = 198.36 < (K®L/r),max = 200,00 STABLE G

VRV TCR T UVVOR PURE Y- £ ) DX

(il el 5 3 sandl
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addpaaal) Alia gl araad 3 yall el 3 geall Lsal

connection for new selected ) =¥ &5 (design steel connections) Ja3U caladl)
. (bars

R Define a Beam-to-Column (Frame Knee) connection - EM 1993-1-8:2005/AC:2000 X
i File Help l
" Geometry Number- Name, |Fran'|e knee ~ |
J:Fj Brackets Connection type
(7) Bolted connection (®) Welded connection
E:[l Stiffeners Column Beam
] weie I & o
Section: HiP L0xd2 Section: WHL2nES ’rh—ﬂ)f
[5[] Codeparameters th
[t coaes s
]| b
#a wh
Height: he =|246 mm Height: hy =307 mm J{
T
Width b = 257 mm Width : bg, = |305mm i
"
Web: tye = 11mm Web : twh = |10 mm i
1l
Flange: tg = |11mm Flange: tg = (15mm ij
Radius re =18 mm Radius: ry = |15mm -| |-
Inclinationangle: & = |9.5° ﬁ::::::::
[ The same materialused for all components: STEEL AS3 Gr.B v I

Apply | 0K | | Cancel |

(Brackets) 4 5%
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R Define a Beam-to-Column (Frame Knee) connection - EN 1993-1-8:2005/AC: 2000

File  Help

Code parametars

Upper vertical bradket
Brackettype:

H:; .

|

[+] Upper stiffening plate

Length: lpu =
Width : oy =
Thickness : tou =
Material : STEEL A53 Gr.B ~

Lower vertical bradket

%@w—

Brackettype:

Height: hg =
Length: Ig = |300 mm

Width : wg = |305mm

Web: twd = [Bmm

Flange: tig =
Angle: g =

STEEL

-
tn
€
@
al
m
<

Material :l

[ Lower stiffening plate

Length: lpd =
Width : Wpd =
Thicknass : tpd =
Material : STEEL AS3 Gr.B ~

i

wd
|
v

| Apply || oK || Cancel |

(Stiffeners) axal ) lada 4s 55

-

File  Help

Ei’|l Code parameters

[ Herizontal stiffeners of a column

Thickness : thy =

Thickness : thd =

Material : |STEEL AS3Gr.B V|

Additional stiffeners of the celumn web

Brackettype: ‘H‘lz

[ Define a Beamn-to-Column (Frame Knee) connection - EN 1993-1-8:2005/AC:2009

[] Vertical stiffeners of abeam

[~] Two-sideflange plate

Material : STEEL AS3 Gr.B ~

) JSal jgliins Al gl
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v Connection View

Scheme | Connection View | Stnucture | Results

(calculation) Jta>d caali anaal) Alia 5l daadla (il

F Results

[rofoE] == |
Scheme Connection View | Stucture = Results
~
Autodesk Robot Structural Analysis Professional 217 @
Design of welded beam-to-column connection
Rati
EN 1993-1-8-2005/AC:2009 Py

o
]
= i}
2-3
_ g
|
GENERAL
Connection no. & v
Connection name: Frame knee
| EE

AL guaall (Al gl el s i

(109)
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Autodesk Robot Structural Analysis Professional 2017 - Project: PORTAL FRAME (60X30)m - Results (FEM): available NType a keyword or phrase
PR File  Edit View Geometry Connections Loads  Analysis  Results Design  Tools  Add-lns  Window Help Community

SHEYREG E QAR B HE [Poro | EERBRRE BR X

N V]2 e V&l |
aetiConnoction inepeclor 'R Structure - Cases: 1 (DL1) =8
X (2] Scheme | Connection View | Sinicture | Resuls S
Number Ratio No... = Connection name 4
Steel connections (5)

Fixed column base
82  Frame knee
12.. Beam-Beam
Gusset plate: braci

<! | >
Steel connections

| Name | Value Unit ~
List of connecti...

6
EN 1993-1-8:20...
Frame Knee
Frame knee

118.28
3487
-37.89
0.00
0.00
000

= & Cases: 1 (DL1)
v —

- View v
AP = [ =2 ) [ > =™ -

Structure
V7 5§ ® Results (FEM): available

e dx 7z 'm A~

Tv/-v/lo

[l
R Define a Beam-Beam connection - EN 1993-1-8:2005/AC:2000 ¢ *
Mumber- Mame, |Bean'|-Eeam w
Connection type
(O Bolted connection (® Welded connection
Left beam Right beam
Barno: |53 V| Barno : |69 V|
Section: | WHZKGS | Section: | WHZHGS |

lE’|l Code parameters

Material: |5TEE|_ v| Material: |5TEE|_ v|

8] Fhy

o= N

Height: hy| =|307 mm Height: hpr =307 mm tg il'e hbr gkb
width: ba =|305mm width: by =305 mm bkl bpr
Weh: twhl =10 mm Weh: twbr = [10mm
Flange: tp =15 mm Flange: tipr = |15 mm
Radius ryl =|15 mm Radius: Thr = 15mm t“‘blz*t'“'b'

nclinationangle: oo = Inclinationangle: o =

[¥] The same materialused for all components: |STEELA53Gr.E V| I
Vv
Help | apply | | 0K | | Cancel |

smnl e Y Ay Ay g Ayaal) Andeal) arensd
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:_ Geometny

I{:'j Flate

m Brackets
Welds

li’|l Code parameters

R Define a Beam-Beam connection - EN 1993-1-&:2005/AC: 2000

Front plate
Height:

Thickness:

Material:

STEEL AS3Gr.B e

e

e

Tor

kil

e

I Apply || QK || Cancel

(Brackets) arxai oz

_ Geometry
m Plate

ii{ Brackets

Welds

li‘|l Code parameters

R Define a Beam-Beam connection - EM 1993-1-8:2005/AC: 2000

Upper vertical bradet
Brackettype:

== -

[+] Upper stiffening plate

Longth: o =
width: Wary =
Material: STEEL A53 Gr.B ~

Lower vertical bracket

Brackettype:

Height:
Length:
Width:
Web :
Flange:
Angle:

Material:

g

hrd = |10 mm
Ird = |300 mm
Wrd = (305 mm
tyrd = |10 mm
thd = 16 mm

STEEL AS3 Gr.B e

[] Lower stiffening plate

Length:
Width:
Thickness:

Material:

lsrd =155 mm

Word = |285mm

tord = 10 mm

STEEL

=
wu
L
(0]
'l
m

i

levu sy

=
vor] (R |

L

| |
v v
| Apply | | oK | | Cancel |

: S JSE Al gl U< () oS Sl
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=) Autodesk Robot Structural Analysis Professional 2017 - Project: PORTAL FRAME (60X30)m - Results (FEM): available

u Type a keyword or phrase

File  Edit  View Connections Tools  Add-lns  Window  Help Community

SHEAYRE = QA0 Y HE Foms

FEREERER BF |A

Steel Connection Inspector ¥ Connection View

x [2] Scheme | Connection View | Structure | Resuits
Number Ratio No... Connection name
Stes| connections {6)
Y 8% Fixed column base
3 F 52 Frame knee
4 m 12.. Beam-Beam
5 ¥ w008 Gusset plate: braci
6 [ «2041 78  Fameknee

7 == D08  14. BeamBeam

< >

Steel connections

‘ Name | Value ‘ Unn| ~
List of connecti... | 7 [ |
Eﬁeneral

Number 7
Code EN 1993-1-820...
Type Beam-Beam
Name Beam-Beam
B[ Structure
ode [  1a3 [ |
Wembers 68,69
EForces in bars...
Wb1,Ed -55.20[ kN*m
Vbilgd [  -074] kN |
Wb Ed 3781] kN
[E|Resulis
Raio [  oos[ |
Wessages__ | 0 | ™
Properties
QEJ < |
[Connection View

p 0T

ravpo € 0% G A A

|

v Results

Scheme = Connection View | Structure | Results

Autodesk Robot Structural Analysis Professional 2017
Design of welded beam-to-beam connection

EN 1993-1-8:2005/AC:2009

==

Ratio
0.08

(GENERAL
Connection no.: 7
Connection name: Beam-Beam
Structure node: 143

Eilz1=]

Al e dla )

(112)



AUTODESK ROBOT ANALYSIS AND DESIGN

AEN Gl Al Al aiilda e g stead U JE)

Pay Length 4.0 meter
Number of pay [x-dir.] 5

Column height 6.0 meter
Span length [y-dir.] 14.0 meter

Footing dimensions

1.2x1.2x0.5 meter

RC. Pedestal 0.5x0.5x0.5 meter
RC SLAB thickness 100 mm
RC compressive strength (cylinder) 24.1 MPa

Steel sections strength

36 ksi or 284.2 MPa

s s Liiall 1] apanl) adaliall alasiiv o

Stanchion or Column

HP16x88

American section

Rafter or Beam

W14x53

American section

Purlins (<l k)

Rect. [100x50x3] mm

American section

Crossed strength

2L 3x3x0.25 inches

American section

68 Jaa ¥l Ll
Dead load [self-weight] DL1 Added by robot
Dead load on Roof DL2 0.02 kN/m?
Live load on Roof LL1 0.03 kN/m?
Wind load [y-dir.] Wind -0.10 kN/m®
Live load on RC slab LL2 4.0 kN/m?

(113)
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ey
; @ © Objects T :"?’j
()R e ! ©) ) ks
e Serso ® yZ (e} mjfi=q)x] ér‘b

Y . - 5 -PZ kG
LObJect/wmdow/capture selection b Cases: 1 (DL1)

£ Z=-0.50 m - Structure axis 0.5 |a|> View

kel Jglaadl 8 A5l (al sl a5 Liinall sty s

(£ULS and £SLS) 2»¥ (Automatic Combinations ) aaaiul

rEEe
By | RIGHT |
L | J

Ml

W kPa

“‘. = ‘ S 2 = = 3 - = =%
A \ e = § == = e ==
preel N \ \\ —— =0.05 T —
o Bty \ \ S A p | s
S L e\ | ) 3
Y SO W Sl == e %
. B | \ = e |
) \ f s SR
ch = B GOl )\ s ~ o e e
r? o -~ S el 13
) B s \ S o e
S A e I \ e
— i | I 00
Y b gasss¥ = W’ -PZ kG
e Cases: 13 (COMB1
o e SOMEY
3 Z=-0.50m - Structure axis 0.5 alv View

Lol clalgaV) (38
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. 5 max({My) 5 max({Mz) 5 min{My) S min{Mz}
5 max (MPa) | 5 min (MPa) (MPa) (MPa) (MPa) (MPa) FxlAx (MPa)
MAX — 32182 20.96 308.16 54.33 0.16 -0.00 32.40
Bar 64 105 64 64 104 145 105
Hode ar 23 af a1 24 580 23
Caze ULS/H4 ULs2 ULs2 ULS/S 5 5L5/4 uLss2
MIN -2517 -321.51 -0.14 0.00 -308.16 -54.33 2877
Bar 98 64 119 a1 64 64 100
Hode 26 a7 2 62 57 1 2
Casze uLs2 ULs2 5 2 ULS2 ULS/E ULs2

G 13 s e e 9a s JSuls Koe ((321) 1 64 by ALY pumall 3 Jomy SgaVl

Land) e adaial) 138 ady () 48 jaa

e 3y sy AN (rect. 100x50x3 mm) abkia a5 (purling) s adadddl Gl Lasg

Lede Gaelimall slga¥) Jgean axe ol jia 1.2 06 45 Y diloay il )

foadla 3835 Ll US3 LS Wil sdie (ud SUSRY) 138 5 (11) a8 2sanll JRS 5 ¢ 3 ganll (3

s Waliagi) i) &l gladll Conen adaiall

Z = 0.50 m - Structure axis 0.5

S Bar Properties: 11 - 13 (COMB1)

O X

Geometry Properties NTM

Displacements = Code check

Section: HP 16x88 Type: Column
Material: STEEL A572-60 Re = 413.69 MPa ¥
LRFD2000 Section OK
Symbol I Ax, ly, IzI Unit l Description A
Ratio:
RAT 0.06] Efficiency ratio
6 ULS /5/ 1*1.20 + 2*1.20 + (Governing load case - ULS
x=050L=3.00m Point
Other
Lambda y| 36.01 Slenderness ratio
Lambda z| 6423 Slenderness ratio
Displacements (GLOBAL SYSTEM):
ans [ Acanad] e [Hamhar dinals ccmant nlane Voain M
< >

l I Printout

Cases: 13 (COMB1)

W kPa
-PZ kG

Vie
view

(115)
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Aaalill (e ade (8l Caay SN Labial () 65 () 3 5 palls Gad g Gla¥) Aals (e J siia adaidal)

Aaalaiay)
¥ LRFD2000 - Code Group Design (ULS ) 1 — O #
Results Messages | Cale. Note | | Close |

Member |  Section | Material | Lay | Laz | Ratio | Case [ Change |

Code group: 1 HP COLUMMN
; ) 16xGE o 6.0 K o 17 Change all

Calculation peints

Division: n=3
Extremes: none
Additional:  none

L RESULTS - Code - LRFD2000

Z
Code 1 HP COLUMN Section OK
SE -m Bar: 13 Column_13
= Point f Coordinate: 1/x=0.50L=300m
P 1688 COLUMN ~ Load case: GULS /2f 17120 + 2*1.20 + 3%1.60 + 5*1.60

Simplified results | Detailed results
MEMEBER. PARAMETERS

Ly =6.00m Kly/fry = 36.01 Lb =&6.00m
Lz =6.00m Klzfrz =64.23 Cb =100
INTERNAL FORCES CAPACITY
Mux = -0.01 kN*m fuvy,mx = 0.03 MPa
Pu = 46.08 kN fuvz,mx = 0.09 MPa Pn = 3325.04 kN
Muy = -31.75 kN*m Vuy = 9.01kN Mny = 604,21 kN*m Vny = 1466,24 kN
Muz = 16.63 kN*m Vuz = 20,41 kN Mnz = 256.01 kN*m Vnz = 793.83 kN
FACTORS SECTION ELEMENTS
Fib =0.90 Fic=0.85 Fiv =0.90 UNS = Non-compact STI = Compact

RESULTS
Puf{2*Fic*Pn) + (Muy/(Fib™Mny) + Muz/(Fib®nz)) =0.14 < 1.00  LRFD (H1-1E)
Wuy(Fiv=ny) + fuvy, mx/{0.6%Fiv*Fy) = 0.01 = 1.00  Wuzf(Fiv®™¥nz) + fuvz, mxf(0.6*Fiv*Fy) =0.03 < 1.00 LRFD

Calc. Note

ghidl e c@) b W Al s e ey als 2 (HP16X88) hitall galipll el

_‘C\.QAM

AL e g AL ) el 80

AL geal) -]

CL-\LJ\ O g d:ém!\ el ) daag ciaid\ d.ghﬂh&Y\ :\.é)uj L'é:@mﬂ\ ¢l yal ‘_‘,J\ CL\;.&

. (W14x53) aaiall plaaiul J (CL5X40) il 53 Ausluail SISV 5 S|

PENGRURENERCE TN
. (HP16x88) tﬁd\ pladiv) Ja (W16X67) ahaiall JLA mals il Llac|
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I LRFD2000 - Code Group Design (ULS) 2 — O * 52
4 L
Results | Messages | Calc. Note | | Close | o
. : : i~ -y
Member |  Section | Material | Lay | Laz | Ratio | Case [Tchanee | v 1|‘ |
Code group: 2 W BEAMS IFRCINT H',;H[
Crange o |
- = || c 15x50 5467 331.33 0.45
Calculation points LD_}
Divigion: n=3 A =
Extremes: none ] =)
- - . I
Additional:  none : Tren i
. Object/window,/c|
P 1
2 RESULTS - Code - LRFD2000 — O X - .
I
= Cod= 2 WBEAMS -
Section OK
[ * Bar: 45 Column_45
= Point f Coordinate: 3/x=0.50L=364m
| C 15x40 ~ | Load case: 6ULS 2/ 1¥1.20 +2*1.20 + 3*1.60 + 5%1.60
Simplified results | Detailed results
MEMEER PARAMETERS
ly=728m Klyfry = 52.78 Llb=7.28m
lz=728m Klzfrz = 325.13 Cb=1.00
INTERMAL FORCES CAPACITY
Mux = -2, 34 kN*m fuvy,mx = 63.88 MPa
Pu = -43.85 kN fuvz,mx = 51.10 MPa Pn = 1389.61 kN
Muy = -35.23 kN*m Vuy =-1.42 kN Mny = §5.42 kMN¥m Vny = 395.70 kN
Muz = 3.78 kN*m Vuz = -20.76 ki Mnz = 27.82 kN*m Wnz = 749,44 kN
FACTORS SECTION ELEMENTS iew 1
Fib =0.90 Fit=0.90 Fiv=0.90 UNS = Compact STI = Compact > pE=™)
RESULTS
Puf(2*Fit*Pn) + (Muy/(Fib*Mny) + Muz/{Fb*Mnz)) =0.62 < .00 LRFD (H1-1E) M
Vg (i o) & fvv (0.6 FivFy) = 0,48 < 1,00 VzhFiv*yD) + finz me(0 5*Fy Fy) = 0,41 < 1,00 LRFD — 168 TH7DKZ

A i) aenaty ol

2. Autodesk Robot Structural Analysis Professional 2017 - Project: PORTAL 2 STORY - Results (FEM): out of date N Type @ keyword or phrase = o X
P File  Edit View Geometry Loads Analysis  Results | Design | Tools Add-Ins Window Help C i - X
DSHAYREXE BN Q B[S =D g
- ———  Steel Members Design - Options » —

L ? ase : = a
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[ Define a Fixed Column Base connection - EN 1993-1-8:2005/AC:2000

Help

Column

Plate

Stiffeners

Anchorage

Wedge

Welds

Foundation

o B B o= e B | 2

Codeparameters

Top plate
Length:

Width:
Thickness:

Materialz

Base plate
Length:

Width:
Thickness:

Materialz

[] column base
Length:
Width:
Thickness:

Material:

R Define a Fixed Column Base connection - EN 1993-1-8:2005/AC:2000

Help

Column

Plate

Stiffeners

Anchorage
Wedge
Welds

Foundation

I e B = B e 2

Code parameters

Stiffeners parameters

Stiffener type:

Length:
Heightz
Width:

Thickness:

Horizontal stiffener thidmess

Huorizontal cut:

Vertical cut:

*
lpu =
bou
fou = " &
STEEL AS3 Gr.B ] T
::
H
i b |
[ErEEL AssGrE v]
lpp = bI.lE } ﬁjl
bpp Ipd
tpp =
STEEL A53 Gr.B
| Apply I | 0K | | Cancel
. “ e .
:(Stiffeners) 4581l Filda aranal
®
b "
" )
¥
.- b &
hs = (3839 mm
ts =
thre = L
>
I Apply | | oK | | Cancel |

: (Anchorage bolts) s
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i File Help

_l Column

E Foundation
_@_ Code parametars

Arrangement
Number of rows:

Number of columns:

Vertical spacing:
Horizontal spadng:
Offset:

Anchors

R Define a Fixed Column Base connection - EN 1993-1-2:2005/AC:2009

(® Unthreaded portion

(O Threaded portion

I

ny =

eypieyzie= |190 mm | Equal spacing

Type: -Q

Dimension:

Dimension:

Length:
Width:

Thicknass:

Material:

BH1iEHZ = |190 mm |Equa|spac|ng
m=
Durchmess: do =
W
Anchor plate Washer:
lap = I =
tp = ot =

STEEL AS3 Gr.B ~

G
F

ElE 2|
| E o]
LU —
w2 ] E1]
BlE BB |

| Apply || 0K || Cancel |

500 & Asbu Al 48 ) ¢ & ) « (anchorage bolts) Haial 5 2 seall aa (b b ) arerad
ke 500 Sl AN Gals¥1 s ) + ale

i File Help

1 Column
Jl Plate
& Stiffeners

Anchorage

Jﬂ Code parameters

Foundation

Length:
Width:

Height:

Concrete:

Grout layer
Thickness:

R Define a Fixed Column Base connection - EM 1993-1-8:2005/AC:2009

L=
B -
|[concr_3.5 ]

-+
']
]

*
(. :
H
—
L
Apply || oK || Cancel

.(calculations) Jb¥) i b (e Alia sl Laadla sl aa g1

A SH (L g Y AL dpboal 45 g3l o 5 5 L) A gita s el Al 1)
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Autodesk Robot Structural Analysis Professional 2017
& Fixed column base design

Eurocode 3: EN 1993-1-8:2005/AC:2009 + CEB Design Guide:
Design of fastenings in concrete

General

Connection no.:

5

Connection name:

Fixed column base

Ratio
0.41

Structure node: 13

Structure bars: 7

Geometry

Column

Section: HP 16x88

Bar no.: 7

Le= 6.00 [m] Column length

o= 0.0 [Deg] Inclination angle

he = 389 [mm] Height of column section

btc = 399  [mm]  Width of column section

twe = 14 [mm]  Thickness of the web of column section
tre = 14 [mm]  Thickness of the flange of column section
re = 30 [mmJ Radius of column section fillet

Ac = 16645 [mm‘] Cross-sectional area of a column

le= 462016882 [mm*  Moment of inertia of the column section
Material: STEEL A572-60

fye = 413.69 [MPa] Resistance

e = 517.11 [MPa]  Yield strength of a material
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Column base

o = 500 [mm] Length
bpa = 500 [mm] Width

tpa = 25 [mm] Thickness
Material: STEEL A53 Gr.B

fyoa= 241.32
fupa = 413.69

[MPa] Resistance
[MPa] Yield strength of a material

Anchorage

The shear plane passes through the UNTHREADED portion of the bolt.
Class = A307 Anchor class

fyp = 248.08 [MPa] Yield strength of the anchor material
fup = 413.40 [MPa] Tensile strength of the anchor material
d= 25 [mm; Bolt diameter

As = 506 [mm? Effective section area of a bolt
Ay = 507 [mm°]  Area of bolt section

ny = 3 Number of bolt columns

Ny = 3 Number of bolt rows
Horizontal spacing eqi= 190 [mm]

Vertical spacing ey; = 190 [mm]

Anchor dimensions

L= 57 [mm]

Lo= 840 [mm]

Ls= 120 [mm]

Ls= 95 [mm]

Washer

lwa = 50 [mm] Length

bwa = 57 [mm] Width

twd = 10 [mm] Thickness

Wedge

Section: IPE 100

™= 100 [mm] Length

Material: STEEL A53 Gr.B

fyw=  241.32 [MPa]  Resistance

Stiffener

ls = 500 [mm] Length

Ws = 500 [mm] Width

he = 389 [mm] Height

ts = 10 [mm] Thickness

d; = 20 [mm] Cut

dz = 20 [mm] Cut

Material factors

Ymo = 1.00 Partial safety factor

Ym2 = 1.25 Partial safety factor

Yc = 1.50 Partial safety factor

Spread footing

L= 500 [mm] Spread footing length

B = 500 [mm] Spread footing width

H= 1000 [mm] Spread footing height
Concrete

Class CONCR 3.5

fox = 24.13 [MPa] Characteristic resistance for compression
Grout layer

tg = 0 [mm]  Thickness of leveling layer (grout)
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fekg= 12.00 [MPa] Characteristic resistance for compression
Cid = 0.30 Coeff. of friction between the base plate and concrete
Welds
ap = 5 [mm] Footing plate of the column base
aw = A [mm] Wedge
as = 4 [mm] Stiffeners
Loads

Case: 6: ULS /2/ 1*1.20 + 2*1.20 + 3*1.60 + 5*1.60

NjEd = -291.41 [kN] Axial force
ViEdy = 18.01 [kN] Shear force
VjEedz = -1.25 [kN] Shear force
Mijedy = 0.57 [kN*m] Bending moment
MjEdz = -2.51 [kN*m] Bending moment
Results

Compression zone
COMPRESSION OF CONCRETE

fea= 16.09 [MPa] Design compressive resistance EN 1992-1:[3.1.6.(1)]
fi= 10.73 [MPa] Design bearing resistance under the base plate [6.2.5.(7)]
¢ = tp V(fyp/(3*f*ywo))

c= 68 [mm] Additional width of the bearing pressure zone [6.2.5.(4)]
Desr = 138 [mm] Effective width of the bearing pressure zone under the flange [6.2.5.(3)]
lefs = 500 [mmJ Effective length of the bearing pressure zone under the flange [6.2.5.(3)]
Aco= 68936 [mm?] Area of the joint between the base plate and the foundation EN 1992-1:[6.7.(3)]
Aci= 68936 [mm°  Maximum design area of load distribution EN 1992-1:[6.7.(3)]
Frau = AcO*fcd*‘l(AcllAco) < 3*Aco*fcd

Figu = 1109.02 [kN] Bearing resistance of concrete EN 1992-1:[6.7.(3)]
Bi = 0.67 Reduction factor for compression [6.2.5.(7)]
fig = Bi*Frau/(Def*lesr)

fia = 10.73 [MPa] Design bearing resistance [6.2.5.(7)]
Acn= 171279 [mm°] Bearing area for compression [6.2.8.2.(1)]
Acy = 68748 [mm?] Bearing area for bending My [6.2.8.3.(2)]
Acz= 68748 [mm?] Bearing area for bending Mz [6.2.8.3.(1)]
Fcrd,i = Ac,i*fjd

Ferdn= 1837.00 [kN] Bearing resistance of concrete for compression [6.2.8.2.(1)]
Ferdy = 737.33 [kN] Bearing resistance of concrete for bending My [6.2.8.3.(1)]
FcRrdz = 737.33 [KN] Bearing resistance of concrete for bending Mz [6.2.8.3.(1)]
COLUMN FLANGE AND WEB IN COMPRESSION

CL = 3.00 Section class EN 1993-1-1:[5.5.2]
Wely = 2377731  [mm®  Elastic section modulus EN1993-1-1:[6.2.5.(2)]
Mcrdy = 983.63 [kN*m] Design resistance of the section for bending EN1993-1-1:[6.2.5]
hiy = 375 [mm] Distance between the centroids of flanges [6.2.6.7.(1)]
Fefcrdy = McRrdy / Dty

Feicrdy = 2623.69 [KN]  Resistance of the compressed flang_;e and web [6.2.6.7.(1)]
Wei; = 991655 [mm°] Elastic section modulus EN1993-1-1:[6.2.5.(2)]
Mcrdaz= 410.23 [kN*m] Design resistance of the section for bending EN1993-1-1:[6.2.5]
hiz = 249 [mm] Distance between the centroids of flanges [6.2.6.7.(1)]
FefeRdz = McRrdz / Ntz

Fcfcrdz= 1644.52 [kN] Resistance of the compressed flange and web [6.2.6.7.(2)]

RESISTANCES OF SPREAD FOOTING IN THE COMPRESSION ZONE

Nj,Rd = Fc,Rd,n
Njra = 1837.00 [kN] Resistance of a spread footing for axial compression [6.2.8.2.(1)]
Fcrdy = Min(Fcrdy,Fe.fcrdy)

(123)



CH3

AUTODESK ROBOT ANALYSIS AND DESIGN

Fcray= 737.33 [kN] Resistance of spread footing in the compression zone [6.2.8.3]
Fc,rdz = Min(FcRrdz,Feferd,z)
Fcriz= 737.33 [KN] Resistance of spread footing in the compression zone [6.2.8.3]

Connection capacity check

Njed / Njra < 1,0 (6.24) 0.16 < 1.00 verified (0.16)
ey = 2 [mm] Axial force eccentricity [6.2.8.3]
Zcy = 181 [mm] Lever arm FcRray [6.2.8.1.(2)]
Zty = 190 [mm] Lever arm FrRrdy [6.2.8.1.(3)]
Mjrdy = 2.84 [kN*m] Connection resistance for bending [6.2.8.3]
Miedy / Mjrdy 1,0 (6.23) 0.20 < 1.00 verified (0.20)
e;= 9 [mm] Axial force eccentricity [6.2.8.3]
Zcz = 125 [mm] Lever arm Fcrd [6.2.8.1.(2)]
Ziz = 190 [mm] Lever arm FrRrd,z [6.2.8.1.(3)]
Mjrd,= 11.88 [kN*m] Connection resistance for bending [6.2.8.3]
Migdz / Mjrdaz < 1,0 (6.23) 0.21 < 1.00 verified (0.21)
Miedy / Mjrdy + Mjedz / Mjrdz < 1,0 0.41 < 1.00 verified (0.41)
Shear

BEARING PRESSURE OF AN ANCHOR BOLT ONTO THE BASE PLATE

Shear force Vieqy

Qdy 0.7 Coeff. taking account of the bolt position - in the direction of shear [Table
= 3 3.4]
by 0.7 Coeff. for resistance calculation Fyubrq [Table
= 3 3.4]
K1y = 2.5 Coeff. taking account of the bolt position - perpendicularly to the direction of [Table

0 shear 3.4]

F1vbRdy = kl,y*ab,y*fup*d*tp /'Y|\/|2

Fiwrdy = 383.49 [kN] Resistance of an anchor bolt for bearing pressure onto the base plate  [6.2.2.(7)]

Shear force Vjed,.

od,z 0.7 Coeff. taking account of the bolt position - in the direction of shear [Table

= 3 3.4]

Op 7 0.7 Coeff. for resistance calculation F1 b rd [Table 3.4]

= 3

Kiz= 2.5 Coeff. taking account of the bolt position - perpendicularly to the direction of [Table 3.4]
0 shear

Fivb,rdz = K1,z*0 2 fup*d*tp / ym2

F1vb,Rd,z 383.4 [kN Resistance of an anchor bolt for bearing pressure onto the base [6.2.2.(7)

= 9 ] plate ]

SHEAR OF AN ANCHOR BOLT

ap = 0.37 ) Coeff. for resistance calculation Fzyp rd [6.2.2.(7)]

Aw = 507  [mm‘]  Area of bolt section [6.2.2.(7)]

fup = 413.40 [MPa]  Tensile strength of the anchor material [6.2.2.(7)]

Yz = 1.25 Partial safety factor [6.2.2.(7)]

F2.ub,rd = ap*fun*Avblymz

Fovord = 61.26 [KN]  Shear resistance of a bolt - without lever arm [6.2.2.(7)]

CONCRETE PRY-OUT FAILURE

Nrkc = 9.32 [kN] Design uplift capacity CEB [9.2.4]

ks = 2.00 Factor related to the anchor length CEB [9.3.3]

YMe = 2.16 Partial safety factor CEB [3.2.3.1]

Fv,Rd,cp = k3*NRk,c/'YMc

Fyricp = 8.63 [KN] Concrete resistance for pry-out failure CEB [9.3.1]

CONCRETE EDGE FAILURE

Shear force Vjedy
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VRk,c,yO = 46.15 [kN] Characteristic resistance of an anchor CEB
[9.3.4.(a
)
YaAvy = 0.67 Factor related to anchor spacing and edge distance CEB
[9.3.4]
Yhvy = 1.00 Factor related to the foundation thickness CEB
[9.3.4.(c
)]
Ysvy = 0.90 Factor related to the influence of edges parallel to the shear CEB
load direction [9.3.4.(d
)
Vecvy = 1.00 Factor taking account a group effect when different shear loads CEB
are acting on the individual anchors in a group [9.3.4.(e
)]
WYovy = 1.00 Factor related to the angle at which the shear load is applied CEB
[9.3.4.(F)
]
Yuervy = 1.00 Factor related to the type of edge reinforcement used CEB
[9.3.4.(g
)]
Yme = 2.16 Partial safety factor CEB
[3.2.3.1]

FvRrdcy =

0.
VRk,c,y *\VA,V,y*\Vh,V,y*\Vs,V,y*\Vec,V,y*\Va,V,y
*\Ifucr,v,y/YMc

Furdey= 12.82 [kN] Concrete resistance for edge failure CEB[9.3.1]

Shear force Vjeqd,,

VRk.c.z 46. [k  Characteristic resistance of an anchor CEB
0= 15 N [9.3.4.()]
YAV.z 0.6 Factor related to anchor spacing and edge distance CEB
= 7 [9.3.4]
Why.z 1.0 Factor related to the foundation thickness CEB
= 0 [9.3.4.(c)]
Wsv.z 0.9 Factor related to the influence of edges parallel to the shear load direction CEB
= 0 [9.3.4.(d)]
Wecvz 1.0 Factor taking account a group effect when different shear loads are acting on CEB
= 0 the individual anchors in a group [9.3.4.(e)]
YoV 1.0 Factor related to the angle at which the shear load is applied CEB
= 0 [9.3.4.()]
Wuer, 1.0 Factor related to the type of edge reinforcement used CEB
L= 0 [9.3.4.(9)]
we= 2.1 Partial safety factor CEB
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6 [3.2.3.1]
Fv,Rd,c,z = VRk,c,ZO*WA,V,Z*\IIh,V,z*\VS,V,z*\Vec,V,z*\llu,v,z*\Vucr,V,z/'YMc
Furdecz= 12.82 [kN] Concrete resistance for edge failure CEB[9.3.1]
SPLITTING RESISTANCE
Ciq = 0.30 Coeff. of friction between the base plate and concrete [6.2.2.(6)]
Neea = 291.41 [kN]  Compressive force [6.2.2.(6)]
Frd = Cr.a*Nc.ed
Firg = 87.42 [kN] Slip resistance [6.2.2.(6)]
BEARING PRESSURE OF THE WEDGE ONTO CONCRETE
Fv,Rd,wg,y = 1-4*|w*bwy*fck/'Yc
FyrRdwgy = 225.23 [kN] Resistance for bearing pressure of the wedge onto concrete
Fv,Rd,wg,z = 1-4*|w*bwz*fck/'Yc
Fvrdwgz= 123.88 [kN] Resistance for bearing pressure of the wedge onto concrete
SHEAR CHECK
VjRrdy = Np*MiN(F1.vb.rdy, F2vbRd, FvRd.cp, FvRrd.cy) + Fvrdwgy + FiRrd
Vjrdy = 381.69 [kN] Connection resistance for shear CEB [9.3.1]
Vjedy / Virdy £1,0 0.05 < 1.00 verified (0.05)
ViRd,z = No*Min(F1vbrd,z, F2vbRrd, Fv,Rdcp, FvRd.c.z) + Fvrdwg,z + FiRrd
Vjrd,= 280.34 [kN] Connection resistance for shear CEB [9.3.1]
Viedz/ Virdz<1,0 0.00 < 1.00 verified (0.00)
Vj,Ed,y / Vj,Rd,y ar Vj,Ed,z / Vj,Rd,z < 1,0 0.05 < 1.00 verified (0.05)
Stiffener check
Stiffener parallel to the web (along the extension of the column web)
M1 0.62 [kN* Bending moment acting on a stiffener
= m]
Q1 22.15 [kN]  Shear force acting on a stiffener
T = 98 [mm] Location of the neutral axis (from the plate base)
Is = 1470978 [mm* Moment of inertia of a stiffener
64
o4 0.30 [MPa] Normal stress on the contact surface between stiffener and EN 1993-1-
= plate 1:[6.2.1.(5)]
Gg 1.33 [MPa] Normal stress in upper fibers EN 1993-1-
= 1:[6.2.1.(5)]
T= 5.70 [MPa] Tangent stress in a stiffener EN 1993-1-
1:[6.2.1.(5)]
6, = 9.88 [MPa] Equivalent stress on the contact surface between stiffener EN 1993-1-
and plate 1:[6.2.1.(5)]
max (og, t/(0.58), o) / (fyp/ymo) 1.0 (6.1) 0.04 < 1.00 verified (0.04)
Stiffener perpendicular to the web (along the extension of the column flanges)
M1 0.51 [kN* Bending moment acting on a stiffener
= m]
Q1 20.13 [kN] Shear force acting on a stiffener
Zs = 92 [mm} Location of the neutral axis (from the plate base)
Is = 1517231 [mm’] Moment of inertia of a stiffener
41
Gd 0.22 [MPa] Normal stress on the contact surface between stiffener and EN 1993-1-
= plate 1:[6.2.1.(5)]
oy 1.08 [MPa] Normal stress in upper fibers EN 1993-1-
= 1:[6.2.1.(5)]
= 5.18 [MPa] Tangent stress in a stiffener EN 1993-1-
1:[6.2.1.(5)]
G, = 8.97 [MPa] Equivalent stress on the contact surface between stiffener EN 1993-1-
and plate 1:[6.2.1.(5)]

(126)




AUTODESK ROBOT ANALYSIS AND DESIGN

lD{ CH3

max (cg, 1/ (0.58), 62 ) / (fyplymo) < 1.0 (6.1) 0.04 < 1.00 verified (0.04)

Welds between the column and the base plate

o, = 14.66 [MPa]  Normal stress in aweld [4.5.3.(7)]
7, = 14.66 [MPa] Perpendicular tangent stress [4.5.3.(7)]
T = 1.90 [MPa]  Tangent stress parallel to Vjeqy [4.5.3.(7)]
T = -0.28  [MPa]  Tangent stress parallel to Vjeq- [4.5.3.(7)]
Bw = 0.85 Resistance-dependent coefficient [4.5.3.(7)]
o, /(0.9 ulymz)) £ 1.0 (4.1) 0.05 < 1.00 verified (0.05)
V(o* + 3.0 (tyi” + 1.)) / (Ful (Bw*ymz))) £1.0 (4.1) 0.08 < 1.00 verified (0.08)
V(o2 + 3.0 (tar” + 1,9 / (ful Bw*ymz))) £1.0 (4.1) 0.06 < 1.00 verified (0.06)

Vertical welds of stiffeners

Stiffener parallel to the web (anng_] the extension of the column web)

G, = 2.17 [MPa] Normal stress in aweld [4.5.3.(7)]
1, = 2.17  [MPa]  Perpendicular tangent stress [4.5.3.(7)]
= 7.12  [MPa] Parallel tangent stress [4.5.3.(7)]
o, = 13.08  [MPa]  Total equivalent stress [4.5.3.(7)]
Bw = 0.85 Resistance-dependent coefficient [4.5.3.(7)]
max (c,# T * V3, 02) / (fu/(Bw*ym2)) 1.0 (4.1) 0.03 < 1.00 verified (0.03)
Stiffener perpendicular to the web (along the extension of the column flanges)

o, = 1.79 [MPa] Normal stress in a weld [4.5.3.(7)]
7, = 1.79 [MPa]  Perpendicular tangent stress [4.5.3.(7)]
= 6.47  [MPa] Parallel tangent stress [4.5.3.(7)]
6, = 11.77 [MPa]  Total equivalent stress [4.5.3.(7)]
Bw = 0.85 Resistance-dependent coefficient [4.5.3.(7)]
max (o1, T * V3, 67) / (ful(Bw*ymz)) £1.0 (4.1) 0.03 < 1.00 verified (0.03)

Transversal welds of stiffeners

Stiffener parallel to the web (along the extension of the column web)

o, = 35.15 [MPa] Normal stress in aweld [4.5.3.(7)]
7, = 35.15 [MPa]  Perpendicular tangent stress [4.5.3.(7)]
= 10.81  [MPa] Parallel tangent stress [4.5.3.(7)]
6, = 72.75 [MPa]  Total equivalent stress [4.5.3.(7)]
Bw = 0.85 Resistance-dependent coefficient [4.5.3.(7)]
max (o, T * V3, 62) / (ful(Bw*ymz)) £€1.0 (4.1) 0.19 < 1.00 verified (0.19)

Stiffener perpendicular to the web (along the extension of the column flanges)

o, = 35.15 [MPa] Normal stress in aweld [4.5.3.(7)]
7, = 35.15 [MPa]  Perpendicular tangent stress [4.5.3.(7)]
= 7.94 [MPa] Parallel tangent stress [4.5.3.(7)]
o, = 71.63  [MPa]  Total equivalent stress [4.5.3.(7)]
Bw = 0.85 Resistance-dependent coefficient [4.5.3.(7)]
max (o1, T * V3, 2) / (ful Bw*ymz)) £1.0 (4.1) 0.18 < 1.00 verified (0.18)

Connection stiffness
Bending moment M;jeqy

ber= 138 [mm] Effective width of the bearing pressure zone under the flange [6.2.5.(3)]
lett = 500 [mm] Effective length of the bearing pressure zone under the flange [6.2.5.(3)]
Kizy = Ec*V(Det*lerr)/(1.275*E)

kizy = 24 [mm] Stiffness coeff. of compressed concrete [Table 6.11]
lerr = 80 [mm] Effective length for a single bolt for mode 1 [6.2.6.5]
m = 13 [mm] Distance of a bolt from the stiffening edge [6.2.6.5]

kisy = 0.850*|er*ty /(M)

(127)



AUTODESK ROBOT ANALYSIS AND DESIGN

CH3

kisy= 259 [mm] Stiffness coeff. of the base plate subjected to tension [Table 6.11]
Ly = 251 [mm] Effective anchorage depth [Table 6.11]
kle,y = 1.6*Ap/Lp
kiey= 3 [mm] Stiffness coeff. of an anchor subjected to tension [Table 6.11]
Aoy = 0.52 Column slenderness [5.2.2.5.(2)]
Siiniy= 314562.04 [kN*m] Initial rotational stiffness [Table 6.12]
Sirigy = 461896.81 [kN*m] Stiffness of a rigid connection [5.2.2.5]
Siiniy < Sjrigy SEMI-RIGID [5.2.2.5.(2)]
Bending moment M;eqd..
Kisz = Ec*V(Ac,)/(1.275*E)
K13z = 24 [mm] Stiffness coeff. of compressed concrete [Table 6.11]
leff = 722 [mm] Effective length for a single bolt for mode 2 [6.2.6.5]
m = 177 [mm] Distance of a bolt from the stiffening edge [6.2.6.5]
Kisz = 0.850%er*t, /(M)
kis,= 2 [mm] Stiffness coeff. of the base plate subjected to tension [Table 6.11]
Lp = 251 [mm] Effective anchorage depth [Table 6.11]
kle,z = 1.6*Ab/Lb
K16z = 3 [mm] Stiffness coeff. of an anchor subjected to tension [Table 6.11]
N = 0.93 Column slenderness [5.2.2.5.(2)]
Sjiniz = 148757.24 [kN*m] Initial rotational stiffness [6.3.1.(4)]
Sirigz = 145227.02 [kN*m] Stiffness of a rigid connection [5.2.2.5]
Sj,ini,z B Sj,rig,z RIGID [5.2.2.5.(2)]
Weakest component:
FOUNDATION - BEARING PRESSURE ONTO CONCRETE
Remarks
Anchor curvature radius is too small. 60 [mm] < 76 [mm]
Segment L4 of the hook anchor is too short. 95 [mm] < 127
Insufficient distance between anchor bolt and column pier. -7 [mm] < 38 [mm]

Connection conforms to the code Ratio|0.41

I Connection View o) =)
Scheme  Connection View  Sructure  Resuts. ~

Pan. Press left mouse button and pan the structure

V) DG Ala 5l JSG el o S5
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Scheme Connection View Structure | Results

' 1
G
. 1Fﬂnm| RIGHY'
Sl J
\\l’”

[ Define a Beam-to-Column (Frame Knee) connection - EN 1993-1-2:2005/AC:2000 *
i File Help
- Geometry Front plate

Height: hp = 387mm Material: STEEL AS53 Gr.B -

RS wan: by
J:Fj Brackets Thickness : tg =

=
]
41
wm
=]
m
R
o
"o

Jﬂ Welds [+] Upper bracketof calumnflange [+ Lower bracket of column flange
Ei‘|l Code parameters

Position: Chuy = Position: €hd = |30 mm

Material: STEEL A53Gr.B Material: STEEL

=
&
L
o)
i
¢

I Apply || 0K || Cancel |

Front plate dimensions in | H,=387 | B,=205 | Tp=20 | Ep,=10 | Epq=10 | Steel A53 Gr.B
[mm]
Upper bracket Column Hpu=140 | Bp=205 | Tpu=20 | Epy=40 | - Steel A53 Gr.B
Flange

dimensions in [mm]
Lower bracket Column Hod
Flange

dimensions in [mm]

140 | Bpg=205 | Tpg=20 | Epg=30 | - Steel A53 Gr.B
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R Define a Beam-to-Column (Frame Knee) connection - EN 1%93-1-8:2005/AC:2009

i File Help

- Geometry

E:[] Stiffeners
Jﬂ Welds
[E‘|I Code parameters

Upper vertical bracket

Lower vertical bracket

Brackettype:

Upper stiffening plate

Brackettype:

Height: hg =
Length: lg =
Width : Wy =
Web: twd =
Flange: ty =
Angle: oy =
Material =

Lower stiffening plate

=
I_STEEI_ AS3Gr.B ~

HEV

140 mm

300 mm

205 mm

8 mm

12 mm

376"

Jo

Length: lpy = |150 mm Length: lpd = [166 mm
Width : wpy = |164mm Width : Wpd = |164mm
Thicknass : th = Thickness : thd =
Material = :STEEL A53Gr.B VJ—' Material : :STEEL A53Gr.B VJ—' 14
| Apply I | oK | | Cancel
[ Define a Beam-to-Column (Frame Knee) connection - EN 1993-1-8:2005/AC: 2000 X
i File Help
- Geometry Bolts
Diameter: |1' v|
Dj Plate Class: |n3ojr v|
e
J:F:{ Brackets Shear plane by —
Bj B (® Unthreaded portion (O Threaded portion T o O
olts P1
Arrangement T O O
E;[.] Stiffeners Pz
Number of columns : nn =2 — ] ]
Jﬂ Welds Number of rows: Ny = P2
[E‘|l Code parameters p;‘_ & &)
" Harizontal spadng: e= T ) )
P=
Vertical spacing: (P1ipzwl= |?5,?5,?5 mm 4 o o
[ Equal spacing
Distance fromedge: hy =163 mm Symmetry
Apply | | 0K | | Cancel
Bolts dimensions in [mm] d=254 |- - - Steel A307
Horizontal spacing e=70 - - - -
dimensions in [mm]
Vertical spacing P1=75 P2=75 | P3=75 | H1=163 | -
dimensions in [mm]
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R Define a Beam-to-Column (Frame Knee) connection - EN 1993-1-2:2005/AC:2000

i File Help

F Geometry

[ Horizontal stiffeners of a column

Thickness :  tp, =
Thickness:  tha =
Material : STEEL AS3 Gr.B ~

Additional stiffeners of the column web

[ Vertical stiffenersof abeam

Tickness:  tw=[ |
Material : STEEL AS3 Gr.B v

[A Two-sideflange plate

Bracket type: H'Z ~
Code parameters Height: ha =
Thickness : ty=
Material : STEEL AS3 Gr.B ~
Apply | | oK | | Cancel
Horizontal stiffeners of column Th=10 The=10 - Steel A53 Gr.B
dimensions in [mm]
Vertical spacing - Tve=10 - Steel A53 Gr.B
dimensions in [mm]
Flange Plate h,=394 w,=289 t,.=10 Steel A53 Gr.B
dimensions in [mm]
Scheme Connection View Stucture Results
Autodesk Robot Structural Analysis Professional 2017 0 A
f Design of fixed beam-to-column connection _
EN 1993-1-8:2005/AC:2009 o
i
GENERAL
Connection no.: 7 v

Connection name: Frame knee

of | & &

Jaa Alle da ) Aigal 5 A giie Ala )
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DL1 —Self weight Computed by robot
DL2 30 Kg /m”
Wind Loads 30 Kg /m?

Curved tress —steel section

W6Xx9

American section

Purlins —steel section

L[4x4x0.375] inches

American section

Sandwich panel for roofing

10 cm [thickness]

Cylinder f'c =24.1MPa

diameter for footing

Strip footing [RC] 2.3x62x0.5 meter

Soil Bearing Capacity 10 Tons/m? Sand-salty mix.
Maximum Aggregate size | 20 mm -
Reinforcement Bar 216 mm ACI318-11

Loads combinations

Service load , Fac. =1.0
+ULS [ultimate limit state]
+SLS [service limit state]

Code and design

ASCE7-10, LRFD2000
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(: - .’) o 5 |
= -C) ]
|I| +6.00 ‘FR H?’}
i 2120 +18|n L ONT]‘ )
( zun) s, g
XY, 0 ,030,012 ‘ ﬂ) = i L+‘HIII S —— ¥
= - - L st i % 00
| p(X,Y,2)=(00 0, )\[I\p(X,YZ) (oo oaomzﬂ sl ! ] =0 )
) === p(X.Y,2=(00 oaomzﬂ Bl : T Gaeo) ——
= S *ﬁwﬁm i esras = T pXY.2=00_ 0%.012) |
e = rrrErY . T
oA jz T pix.Y.0=00 30..12) ,Im(o.o 020,012 |12 A‘E"IVI\;‘Z) —
"Qv~ = =5 - - ~ — - - - 1 -~i. | p ] ]
2 "(xiﬂA 020.012) =N = e p()_(‘Y‘Z)z(o_,o‘ i = (’:‘*T,.‘j"
§ : : s > 030012)1
i e
i p(&YZ) 00 030-012)
AL — s
X = p(xY.2= (oo

0D, 012) [SSS =
: ' > ;LL:N:\&—\
p(xva 00 ,030,0.12)

/

7 +15.00 ) '5099

Z=000m - BRase

| Rotate 3D. Press left mouse button and rotate the structure view. i % kPa

lalw

-PZ kG

Cases: 4 (COMB1)

View

ARl AaY) 8 saaiaall JASY1 (5 sk Caua Lgaladinl &8 oDl 8 Cillasal)

i Chlgadl ad et (S5 Jaladll aay

- 5 max({My) 5 max{Mz) 5 min{My}) 5 min{Mz}
5 max (MPa) | S min (MPa) (MPa) (MPa) (MPa) (MPa) FxlAx (MPa)
MAX 177596 41.08 43.04 160.56 16.54 219 43.80
Bar 3565 323 3521 3634 3482 37c4 3023
Hode 171 1218 1233 1257 1255 1228 1217
Caze 4(C) 4(C) 4(C) 4(C) 4(C) 4 (C) 4(C)
MIN -28.43 -121.01 -5.39 -1.15 47 65 -135.61 -31.70
Bar 330 3433 3530 3664 3785 3483 2047
Hode 168 1249 1273 1260 240 1249 1159
Case 4(C) 4 (C) 4 (C) 2 4(C) 4 {C) 4 (C)

Llpie A5 IS 1S0a (177.96) o8 el dad el o) Jaa Sl

P Glad Y

Alsie oA 5 ale 10 W laie (y) olaSYL (566) A8 32321 & (Displacement) 4s Y
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uX(mm) | wY(mm} | uz(mm) RX (Rad) RY (Rad] RZ (Rad}
MAX 3 10 5 0.001 0.003 0.004
Node 1239 566 941 42 55 51
Case 4(C) 4 (C) 4 (C) 4 (C) 4(C) 4(C)
MIN ) 0 7 ~0.001 ~0.003 “0.004
Node 39 1743 760 ) 1255 1251
Case 4(0) 4(0) 4(0) 4(0) 4(C) 4(0)
1OsST A saall (5 8l
FX (kN) FY (kN) FZ (kM) MX (kNm) MY (kNm) MZ (kNm)
MAX 7573 564 238 0.00 23 139
Bar 3023 T 2533 3234 289738 427
Hode 1217 45 1143 1248 1174 169
Casze 4(C) 4 (C}) 4(C}) 4 (C) 4 (C) 4 (C)
MIN 5480 564 269 0.0 21 396
Bar 2947 3458 2573 49 28933 3634
Hode 1159 1245 1173 43 1143 1257
Case 4(C) 4(0) 4(0) s 4(0) 4(0)

o J8 UL 1S4 43,59 58 Jai el 1o Sl jall () (e & siie 2 il e Jaraall
(JSul 184 100

@ Maps

Detailed ' principal Complex ParamehevE]]

Layer : Middle
Automatic direction |
XX yy xy oz

Stresses -s oooOo
Membrane forces -N OoOogd
Moments -M ooo

Shear stresses - t Oog

Shear forces -Q Oogd
Displacements - u,w Oog O
Rotations -R Oogd O
Soil reactions -K %]

lsmooﬁwing within a panel

| Tl fl
FRONT |4
S I 4
i

QO 1solines M with normalization
@®Maps [CJwith FE mesh
O values With description

[]open new window with scale displayed

[ ety |

I Close l I Help I pNorm., (kr;l/m2)

Desaiption positions

{Finine element centers

Casss: 4 (COMB1)

View
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:(stresses in dir. Xy) g e Glalgal)

=414

Layer : Middle

I Automatic direction |

XX yy xy z
Stresses -s oo™ [0 > 040,00 '
Membrane forces -N OoOog r 2 4 *

Moments -M Oog0og
Shear stresses - t oo
Shear forces - Q oo
Displacements - u,w o0 O
I~  Rotations-R o0 [l
— ’ S ,
| | soil reactions -K O Sl el
-
—
E Ismoorhing within a panel v I
QO 1solines [ with normalization
(® Maps [ with FE mesh
O values [ with description
[Jopen new window with scale displayed
] oy ][ cose | [ v | Automatic direction
Desaiption positions Cases: 4 (COMB1)
| — IFlnibe element centers v I View -
nd i Te=! > [[BE[=]™
:(Global Displacement in Z-dir.) Jwea¥) i s Ganl) 3 da gl
= Y& : anma
@ Maps - O X b=l ¥

Detailed | Prindpal | Complex | Parameter * | * ]

Prindpal values
1 2 12 Angle

Stresses -s 5 O
Membrane forces -N OooQg g
Moments -M OoooOo O
Shear stresses -t O

Shear forces -Q O

X Y 2z

Global displacements O0O™
Total displacements O

lsmoothing within a panel v
O 1solines With normalization
(® Maps [ with FE mesh
O values [M with desaription
[ open new window with scale displayed
| Apply | I Close I I Help I
Desaiption positions
[Finihe element centers v l o i UGZ, (mm)
o - Cases: 4 (COMB1)

-
s

30 | Z=000m-Base : |:|v View

P— T wlin e |

Al o ooy 1 Tagans gl sl inna Ll
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S Bar Properties: 3234 - 4 (COMB1) —

| | Geometry | Properties | NTM | Displacements = Code check

Section: W 6x9 Type: Beam
Material: STEEL Re=  248.21 MPa
LRFD2000 @ Section OK
Symbol | Ax, ly, 1z| unit | Description
Ratio:
RAT |  0.05] Efficiency ratio

4 COMB1 (1+2+3)*1.00

Governing load case - ULS

x=0.00L=0.00m

Point

| |
Phijy | giGHT |
kb J

-

-

|

///K‘\\'//i“///?\

:S Bar Properties : 3554 - 4 (COMB1)

o I

\
A\

e Bl HDFE@ u

Other
Lambday| 22.82] [Slenderness ratio
Lambdaz] 62.31] |Slenderness ratio
Deflections (LOCAL SYSTEM):
2 T Al e Tllambhar Adnflnabine alnnn  avin
Cases: 4 (COMB1)
L Apply J I Close I I Printout e
L i (WBXQ) el
T BE Eiew R

Geometry Properties NTM

Displacements = Code check

Section: L 4x4x0.375 Type: Beam
Material: STEEL Re = 2438.21 MPa
LRFD2000 Section OK
Symbol | Ax, Iy, Iz| unit | Description
Ratio:
RAT [ 051] Efficiency ratio

4 COMB1 (1+2+3)*1.00

Governing load case - ULS

x=000L=0.00m

Point

Other

Lambday| 172.98]

[Slenderness ratio

Lambda z| 172.98]

|Slenderness ratio

R
~ =

7777 S

v

| |
“Eﬂhﬂ HIGHTI
St -

==

| i . | Object/window/ capture selectig
Deflections (LOCAL SYSTEM): -

e T 7T e Tllamhar Anflnabinn nlnnn W avin i

~_A /2710 | / Y/ /e
3 — —— I /4N e
< - = Wi /47 ~

= | ]

e —

Lkt J siie (LAX4AX0.375) akaidll

Cases: 4 (COMB1)

Close | I Printout

|AIV‘\ View
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il AT Gl praral

s Analysis  Results Design | Tools Add-Ins  Window Help Community

Steel Members Design - Options

@ ﬁ ﬁ A Steel Members Design ... Elgemmaw VII
» - :

] Fg? @ P Steel Connections Design ...

Timber Members Design - Options

Required Reinforcement of RC Beams/Columns ...
Required Reinforcement of Beams/Columns - Options 4
Required Reinforcement of RC Slabs/Walls ...

Required Reinforcement of Slabs/Walls - Options

E Provided Reinforcement of RC Elements

( +e0.0 )

30 Z=000m - Base |.|v

RS WY 7
&P Timber Members Design ... 7

FEO o

| |
:’W‘Tl R’GHTI A
) i -

2 >\1;)”

Cases: 4 (COMB1)

View

[n- B[S —EREE < ‘ [

> [[&][=]™]

|nt Analysis Results Reinforcement  Tools Add-lns  Window Help  Community

UEE E QAY &85 @ [Fw e J4 )|

+

LOcAL h/
Elmm~g E ] >
x| x|
=] B3 ﬂ 0| | General Detailed  Summary table | Wire fabrics - general | Wire fabrics - detailed
Type . Steel | Diameter
Steel Grads 520 (Deformed) e [ st ment Ay pe Grade | (mm) |Number|  {m} tm} (m} (m} (m) (G
- i 1 1 |=different value= Grade 520 |16 454
Reinforcement parameters
i_ Diameter | 16 2 2 |=different values Grade 5200 |16 36
i 3 3 |«different value= Grade 520 |16 72
< | Shape parameters =

cee

JEA

el
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(3 shall Baseia yaall adalie (e 440S 40y

DL1 —Self weight Computed by robot

DL2 on slab 1.5 kN /m?

Live loads on slab 3.0 kN/ m?

Wind Loads [x-y] direction 30 Kg /m”

Dead load on beams as wall weight 10 KN/ m

Column steel section HP16x183 American section

Beams steel section W14x38 American section

RC slab thickness 150 mm -

Raft foundation [RC] 31x31x0.7 meter Cylinder f'c =37.86 MPa

Soil Bearing Capacity 10 Tons/m? Sand-salty mix.

Pedestal RC 0.65x0.65x0.7 Cylinder f'c =37.86 Mpa

Maximum Aggregate size | 38.4 mm -

Reinforcement Bar 225 mm ACI318-11

diameter for footing

Loads combinations Service load , Fac. =1.0

+ULS [ultimate limit state]
+SLS [service limit state]

Code and design ASCE7-10, LRFD2000

Raft layout:
— 0,00 et L 1 ;‘"'d"‘—""";"'““—""";"ﬂ""— ''''' :’_‘H}?a:i; THTm_Iﬁ'ZJﬁCShéII;ST%]FT'""‘"""""""""'{ﬂg S
L @}. ............................. i ian:-ns_ ..... qlsnam ..... ,f:ana:a_ ..... .Iaoal:e.. ..... .I:aoam.. ...... Ian 0 1 @

s T
LS ID s Geom ) {Ge ) {(v12m0 ) (180 Y (G4m0 ) (3000 )

; _"li'o | 1 X‘( . Z.=-0.(:l]m-.5trml:t|:.rmlaxis-f:]l.50l |.|' . |l |l |l 40'.0 | | | |"
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3d view of structure:
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DL2 on Slab [-1.5 kKN/m’]
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DL3 on beams (wall and partitions ) [10 kN/m]

CH3
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Case No: 3:DL3
Selected:  Uniform load
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Loads Combinations :

( +18.|Z;:' )
(_TQIII)!
( +G.I:IJ) ! :

R Load Case Code Combinations LRFD ASCE 7-10 ey
+33.60
Cases Combinations | Groups = Relations
+29.40
Extreme snow coeficient: N
+25.20
Combinations are calculated according to selected standards:
& us vlus 114D 721,00
vl uLs 234
515 vl uLs 3.1.2D + 1.6 SAr/R +L f0.5W T
vluLs 5. 12D +E +L +0.25 15908
[0 Acc viuLs 6.0.9D + 1.0W -
vl ULS 7.0.9D + 1.0E +12.60
[ seec vl sLs standard
“(+840)
| Full | simplified
Close

3D 2 =060 m - Structure axis 0.60 |a|v
N Autadesk Robot Structural Analysis Prafessional 2017 - Project: STEEL Structure - Results (FEM): during analysis e s ket o prrase s - - X
File Fdit_ View  Geometry  Loads  Analysis Results_ Design  Tools _ Add-Ins__ Window__Help _ Community _mx
: B =, L 79 N2 2 [ 8 e [
I HEUYREBXEBEAQEE QDG R AL —
0 wutodesk Robof ructural Analysis Professional - Calculations -
7 | 7 [55094 1490188 24 | (77 o H @ 7 1 A
it | 2 “{"’ [&] 1707-2017 STATIC ANALYSIS 14:15:498 Lot # or Z]I [ @ @ 10 _eme |
‘guﬁmhspa:lur X.% wmzm M@
= - MULTTTHREADED SOLVER m"'
e )
o PHASE OF ANALYSIS
o [ oviects Number of.
B o oo ot e I o
A /4
= /40

T

Resolution stage | ‘ 00:00:01

&

Case 5

<7 Claddings 02

B Audliary objects Calaulation Messages

) &

:
EEEL T S

=
'
|_) ! 15t Dimension lines 074 Parameters of the material used in the object are different from parameters defined in preferences. ~ ) y
'}\/ Geometry /. Goums 7 Number of errors: 0 ti/“
_ Number of warnings: 3 D)
Mo [ Name [ vawe Jumt] A 14:15:37 " End of the structure verification 4 T
. List of bars 55t094 14810188 24 14:15:37 Start of the analysis
>, |Akensiz] Isolated nodes have been found, v P I
Name... (Different values) . I
g» Type (Different values) Statistics Resources In Use b §
» :trﬂumure o I Ba Number of Nodes 3 11848 Memory 5082.312 23.290 I
= 2 Number of Elements : 15341 Disk 346956.293 35,154 =
ElModel =
~ Trapezoidal .. Analyze] Number of Equations : 71034 Case 1 P q
IEU Components |(Different values)| | Frontwidth Start of Analysis : 14:15:40
Element type beam Initial : -
Estimat. Run Time : 10 sec
ElGeometry || Optimized ml
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Node 1 (Different values)
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Results (Stresses on members) - global extreme :

- S max(My) 5 max({Mz) S min{My) 5 min{Mz)
Smax (MPa) | 5 min(MPa) (MPa) (MPa) (MPa) (MPa) FxiAx (MPa)
MAX 159.54 57.94 150.30 52 06 -0.00 -0.00 106.53
Bar 284 287 371 afa 214 o14 287
Node 177 164 i 237 145 202 133
Caze ULSH ULSM ULS#H uLsH 3 ULs3 ULSHA
MIN 275 153117 0.00 0.00 -150.30 -52.06 -12.69
Bar 431 3n 214 514 371 3fa 520
Node 238 228 145 202 228 237 233
Case 5 ULSA 3 ULS/3 ULSA uLsM ULSA
A piia aadY) CalgaY)
Results (Displacement on members) — global extreme:
UX (mm) UY (mm) UZ (mm) RX (Rad) RY (Rad) RZ (Rad)
MAX 26.1 272 1.8 0.003 0.002 0,001
Hode a6 a6 adia 3414 3072 1757
Caze > 3 3 ULSHM ULSM 3
MIN =21 2.3 -18.3 0003 002 -0
Node alG 288 2970 3064 3205 1686
Caze ULSA 4 ULSA ULSM ULSM ULSA
BaacYly ) guuall G aaaldl EBla gl 4y 585 il HY) 238 aellain GUA L 3 S Sl HY)
L) Al e Bae Y1 Jlat) Ll 8 2 8 A 55 eilin Bilinl
Soil Reaction under RC raft:
Bl —
@ Maps - O X vn:l“(» 800 ) Vr;:;; 1
’ : ‘ Lf /@ +30.00 ) ~ .
Detailed | princpal = Complex ParameherEE] : ] i
.6
Layer : Middle ‘...’.% 4
Automatic direction ] (+3381 [F ] s - g..’g ; %
XX YY Xy z -a § » Q
esses-s Coon i) J2 < ‘ I S
fd:mbranefor(es-N gg g V A-lr l%%"‘:‘p‘y‘dlgz‘g%
Moments -M ogog "%Fnﬁ:‘Fa;Egz
wihanialll == | - o Slangs
Displacements - u,w o0 O = QV‘V“FV‘-‘JV‘.Zi
Rotations -R Oogd g l"/4~'4., "‘.74.% -25*3-33
Soil reactions -K % ‘.’ > :4 ": = 7] .‘; E ; % i =] ::g
ZRSR P -+
- | 2 ] - . | 2 i P
3 B = s | (75 ~ —|
Ismoothing within a panel vl ’Ja =" - rd " ;‘ % . % o - 18522
O 1solines M with normalization <0 3 .' i "‘ = < .y d . 7 ? == o
@ Maps [C] with FE mesh ‘_,_./ " 5 ‘ " V r w ;gdugo
QO values [Jwith description 70 ‘ p— | = r 2= 52.00
[[] open new window with scale displayed L2800 ) - 30 .'\“\" _ .H 3 Al 26.00
I Apply | | Close ‘ ‘ Help ‘ : 2100 ‘ ' : pNorm., (k%(l]m2)
v ——X I | 2 Cases: 6tc9
30 | Z=-060m -Structure axis 080 |A|V View
TRl v (] [ [ e =5 = n oo e
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Displacements on RC raft:

@ Maps . O X T‘W;r-lri-",‘
i
Detailed ' princpal = Complex Parame&rm
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Automatic direction |
XX yy xy z
Stresses -s ogog o
Membrane forces -N OogdoOo
Moments -M Oogono .
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[:w : Autodesk Robot Structural Analysis Professional 2017 - Project: STEEL Structure - Results (FEM): available uType a keyword or phrase Lfm_ﬁ_ik 9 Sign In. or - X
4
File Edit  View Geometry Loads  Analysis Results Design  Tools Add-Ins  Window Help  Community

=2 HEYREG YR AG BRRAHY RMBRH EEsdimmonn |

N v 2 [rowseusim |z (3] [ L3 (o0 a8l 2 ‘A BB
2 ANSIJAISC 360-10 - Code Group Design { ULS) 1 - O X ElE I Definitions - ANSI/AISC 360-10 — I
Results | Messages Calc. Notz I Close ot = Members | Groups

Member | Section | Material | Lay | Laz | Ratio Case Ml Number: 1 - New
Code group: 1 HP COLUMH —

&

[@]HF 16288 2521  4486|  1.03 Basic dala
234 HP 14x69 STEEL 2s10] 4673]  0ss BULS HY Member [ist: [ 1to54 95to148 189t0:] [ Sections |
HP 162101 25.08] 4455] 083 Calalation peints Name: [HP cotumn | [Par. sections | ==
Divigion: n=3
Extremes:  none Material: [TEEL Carbon Fy 36 ksi ~] i
Additional:  nene
— ‘ oK ‘ ‘ Delete | Save | ‘ Help ‘ F
(2940 " 1 |- ‘ Gasz0) B Calculations - ANSI/AISC 360-10 - &
- - . (+2100 j Verification options —
. L1 ‘ — (O Member verification: 1054 95t0148 183102+
- 4| o= Ocedegopvercaion: [ |
! . (€12 508 [ Object/window/ capture selection | 2 —
4 ! Limit states
=R
3 21
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(Gaz0 L~ "_“ ; vy Dead loads: 1059 Lst
‘“ Live lnads: 1059 [Chst ]
Tatal loads: 1to5 9 st ]
P2 kG Calaulation archive
== DR [ save calculation resuits Resulls storage
‘ = | s View v
STEa=> . @ o< | [confaratn| [cdadations | [ rep |
View
Y7 gn 3 @7 @ Results (FEM): available 1 A 577 C RE50x650 11 %=0.00; y=0.00; z=0.00 = 0.00 [m] [kN] [Deg]
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G * ENG dx /% @ ~

T/ vy
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LJMJQ\SLN\LS)@J}AA\ cl&.ﬂ\:\.l:ns.t?ma.\l
nalysis Results Design | Tools Add-Ins  Window Help  Community

ﬁ ﬁ ¥ Steel Members Design ... ]_‘ & Geometry VII

— Steel Members Design - Options + T
G IE 5o ComecionsDesign.. | les|Hsln B0 FEO &

&P Timber Members Design ...

Timber Members Design - Options 4 \

Required Reinforcement of RC Beams/Columns ...
Required Reinforcement of Bearns/Columns - Options
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= Autodesk Robot Structural Analysis Professional 2017 - Project: STEEL Structure - Results (FEM): available u Type @ keyword or phrase Ww - (7 - X
File FEdit View Geometry Connections loads  Analysic  Results  Design  Tools  Add-lns  Window  Help  Community
E aa - - | : L] L3
2HEVYA G & QA Q9P E[Femon v FEEBRR BF [XI “) 2 e )|
Steel Connection Inspech X |
= hal R Structure - Cases: 1 (DL1) =] 2= i
X (2} [ scheme | Commection View Structure | Reauits & L
Num Ratio N Connegtion name R Define a Fixed Column Base connection - EN 1993-1-8:2005/AC: 2009 X P o
Steel connections (2) 3 Py (P
[ 10.. Frame knee i File  Help " 1
=2 15... Foted column bag i I -
"' N column Number Mame,  |Fixed column base v =
Jl Plate Barno : 11 ~ L F
Section: | HF 1Ex163 | w"
dib stiffeners I |
Material: STEEL ~ - 0
Anchorage Column 1 ﬂ
Section height: he = 419 mm
Wedge =
< > Section flange width: bie = |[414mm
Steel connections Ai, Welds Flange thickness: te = |29mm W
| Name | Value ‘ Unit ‘ ~ " =
i Web thickness: twe = 29 mm
Lilsl of connect...| 2 [ | E Foundation ) H
[E|General Fillet radius: e = 30 mm
urer > I8 codeparameters — 451
Code EN 1893162 Column sfiffening 2 L Ha
Type Fixed column b. (O without brackets _f
Name Fixed column b... . .
=[Struciure (@ Simplestiffening &
Node 15 () Stiffening with trapezoid plate He he
Members " .
I=[Forces in bars... [ stiffening with top plate
NEd 0.00] kN '
MiEdy 0.00] kN*m anp! T P
WiEd,z 0.00] kN*m [ ooy ]| | [ cance m
ViEdy 0.00] kN - - -PZ kG
ViEd,z 0.00] kN ‘ﬁx E ,':f-“ j.—' Casss: 1 (DL1) g
= A D - ' - |
r‘%— | EY) | z=08m_Structurs axis 060 | - ‘ - View v ||
L) =S ellL =l =R < > [ ;|
=t |
Structure
itV iR H @ ® Results (FEM): available 1 N 105l 1P 1621383 11 x=24.00; y=0.00; 2=6.30 = [m] [kN] [Deg]

it
= T £ dx 7 m oA~

T/ =¥

JEeY) msaall 3 el () i) 28181 gy Uil Lgm 5 a3 3l A 5 poiall VLAY A0S, o
L@J:\_Usﬂ\jM\ ).&Al—’.g cAZ\:‘lQ.JJAJ‘BJQw

' Connection View EI‘-K—‘
A

Scheme | Connection View | Structure = Results

Pan. Press left mouse button and pan the structure view. i

3oke el e a5l s

WEAKEST COMPONENT:

FOUNDATION - CONCRETE CONE PULL-OUT FAILURE
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e (gl A 3 58 Lgaludi Can 5 Al Jall 320 Wl 48 ) aluli'B 55 jua i 138

New Connection 3

E New Connection for Selected Bars...

IP: Connection Update

- FEERFEFR BF| |

~

12 ~] .2 [ 10005

~][a)

=& ] = |

Connection Definition...

P Calculations...
E=! Manual Calculations...
Geometric Verification...

Rigidity Analysis ...

P& Connection Copy for Selected Bars...
Change Connection Type 4

Change of structure element geomnetry ...

=

-PZ kG
Cases: 1 (DL1)

View

> [[E][=]™]

[ !Structure - Cases: 1 (DL1)

I Scheme | Connection View | Stucture | Resuits

[ Define a Beam-to-Column (Frame Knee) connection - EN 1993-1-8:2005/AC:2000

i File Help

- Geometry Front plate
Height:

Dj Plate Width :
Thickness :

Code parameters

Height:
Width :
Thickness :

Position:

Material:

o
k-]
[

172 mm

o

p=

]

a

c
|

ﬁ
5
3 X I
L
3
3
E|

]

L-]

o
I

Upperbracketof columnflange

STEEL AS3 Gr.B Vj

Material: I—STEEI_ A53Gr.B Vj
L

Lower bracket of column flange

Height: hpd =
Width : bpd =
Thickness : thd =
Position: €hd =
Material: ISTEEL AS3Gr.B Vj

0K | | Cancel

Ao sthall clbdasall Jaal i
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R |Structure - Cases: 1 (DL1)

IScherne Connection View | Structure | Resuts

[ Define a Beam-to-Column (Frame Knee) connection - EM 1993-1-%2005/AC:2000

File Help

Geometry

Plate

Brackets

Bols

Stiffeners

Welds

Code parameters

FEEHTYTR

Harizontal stiffeners of a calumn

Thickness : ty,, =
Thickness:  tha =
Material : [sTERL AS3GrE ~]

Additional stiffeners of the column web

Brackettype: ‘H‘

Vertical stiffeners of abeam

Thickness : ty =
Thickness : tyd = |[8mm
Material : [sTEEL AS3 Gr.B ]

[ Two-sideflange plate

Mgkt M=
width: w, =
Material : rSTEEI_ AS3Gr.B ~|

ta
thu
g L
ha 1
"
td ”
"
thd "
=
Il
ts — ‘:::::?:"
|
I Apply || 0K || Cancel |

B Results == = ||
Scheme | Connection View | Stucture  Results
™~
Autodesk Robot Structural Analysis Professional 2017 @
Design of fixed beam-to-column connection
Rat
EN 1993-1-8:2005/AC-2009 038
|
+ m#
g
N y
£
|
|
|
|
| v
| of | [ =]

Ll A giie Al )

(150)

CH3



AUTODESK ROBOT ANALYSIS AND DESIGN

CH3
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-50.0 400 -30.0 -200 -10.0 00 = 10.0 - 20.0 = 0.0 400 500 B0.0 700 B0.0 €00
r =] o o o o e | -
(=) L)
| = )|
o | =] a o o o o (=] ™
=] -] =] o =] a |
o -
-3 8
L v | =] a o o a o i
Q‘ o o o =] o
-50.0 400 700 Q Q 1000
lg%“'zl % ! i ! R Reinforcement Pattern - ACI 318-11 metric X Eq L 1 o 1
< - >
= General | Bars | Wire fabric reinf. | Constructional reinf. | Shapes
o No selection Reinfarcement {
i
Direction X Cance tm} {m} (m} (m} (n
Direction Y Help
Droracton
o
|:| Direction X
[orecton ¥
Available spadngs (mm) _
© o miton ow [ ]
Preferred reinforcement spadng I >
Direction X
[ Maximum mm [ Minimum mm
Direction ¥
ert ] [ Masimum mm I Minimum mm 'i
L g -
>
- =
B|  General Detailed Summary table Wire fabrics - general = Wire fabrics - detailed
Steel | Diameter | A
No. Reinforcement T Number| m| m| m m m|
Steel (Deformed) ype Grade (mm) (m) (m) (m) (m) (m)
— | Reinfi P 1 1 |top in the X direction 25.0 13
v-| Diameter 1250 2 2 |<different value> 25.0 58
H 3 3 |«different value= 25.0 164
T Shape parameters 4 4 |<different value> 25,0
f 5 5 |<different value> 25.0 265
E 6 6 |topin the X direction 25.0 T .
] Shape 7 | 7 |<different value> 25.0 50
H 8 8 |<different value> 25.0 25
0 9 9 [top in the X direction 25.0 7
i] Shape.code 10 | 10 |<different value> 250 950
7 | Left end 1| 1 |<different value» 250 475
i-{ Hook 00 12_| 12 [topin the X direction 25.0 10
oo o 15 osmvey et L .
E- Position X < >

roo ol Asasanatl) cila )
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a Y1 5 dmis el oluall il 2

e 8 acliijly yia 8 GIOAN Hhiy jie 20 gl b adi e elae o) AT A JUd

DL1 —Self weight Computed by robot
DL2 on Bottom slab of RC tank 6.0 kN /m’
Wall thickness [RC] 100 mm
Wind Loads [x-y] direction 20 Kg /m”
DL3 Weight of water 9.81 kN /m*
Column steel section HP10x42 American section
Beams steel section W6x8.5 American section
Crossed tie section L 3x3x0.25 inches | American section
RC bottom slab strength Concrete -4 Cylinder f'c =27.54 MPa
Raft foundation [RC] 31x31x0.7 meter Cylinder f'c =27.54 MPa
Soil Bearing Capacity 10 Tons/m® Sand-salty mix.
Pedestal RC 0.65x0.65x0.7 Cylinder f'c =27.54 MPa
Maximum Aggregate size | 20 mm -
Reinforcement Bar =16 mm ACI318-11
diameter for footing
Loads combinations Service load , Fac. =1.0
+ULS [ultimate limit state]
+SLS [service limit state]
Code and design ASCE7-10, LRFD2000

20; TH100_CONCR,; Shell

21; TH1(IJ;(DNCR; Shell

_15; TH1(I)__OOY\‘ICR; ‘smu

| { “ L8 TH100_CONCR; Shell
18; TH100_CONCR, Shell
INYL g7 Nt 100_CONCR; Shell

Object/window/capture selection i
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| DL3 Weight of water | 9.81 kN /m’

A e 4
B
/4
_phyd={00 Sﬂ)v‘ innya:(om
7]
| = A/)

Jphydéfo.o 981)
P00, oo

Object/window;/capture selectid

W kPa
Cases: 2 (DL2)

k l 30 Z=-12.50 m - Structure axis -12.50 | ” | v View
| DL4 on side walls of RC tank | 6.0 kN /m° |
Mer BE = vt ol [ e oyl 8 of 9 D& E 6 il

I.I . e -
phyd=(00 ,981) } | j | ] phyd=(00 ,981)
D 0 _SE

TN AT

[pnyd=00 81 | [ [emeno sen ]
. -

m?

Nf"/ ‘,
~\1 "[IK‘

I Object/window/capture selection i

f Y - i kPa
Casss: 2 (DL2)

) Z=-12.50 m - Structure axis -12.50 ] - ] v View
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AUTODESK ROBOT ANALYSIS AND DESIGN

12 [3:winD1

e,

Z =-12.50 m - Structure axis -12.50

|a]~

Froky |

Rotate 3D. Press left mouse button and rotate the structy

Cases: 3 (WIND1)

W kPa

fiew

Stresses: [0K]

Laaall JsLaay) sl o) s

o L] ML L]
Sz Wl L VAT &Y & Bl
- 5 max({My) 5 max(Mz) 5 min{My} 5 min{Mz}
5 max (MPa)} | 5 min {(MPa}) (MPa) (MPa) (MPa) (MPa) Fx/Ax {MPa)
MAX 135.69 96.53 62.65 18.89 7.06 633 9877
Bar 23 Fil 23 20 24 T 64
Hode 22 242 22 22 x2 45 244
Caze 5 (C) 5 (C) 5 (C) 5 (C) 5 (C) S5(C) S5(C)
MIN -34.35 -51.10 .M 0.0 -52 63 -18.74 -35.10
Bar 56 59 126 465 23 o4 58
Hode 235 235 247 74 x2 x2 235
Cage 3 (C) 3 (C) 3 {C) 3 {C) S(C) 5(C) 5(C)
Displacements: [ok]
UX (mm) UY (mm) UZ (mm) RX (Rad) RY (Rad) RZ (Rad)
MAX 3 13 4 3.030 0.032 0.0
Hode 172 203 1 69 45 143
Case = (C} 2 {C} 1 3 (C) 3 (C) 5 (C)
KMIH -2 -1 66 -0.034 -0.032 -0,
Node 110 181 1 23 14 112
Casze 5(C) 2 5(C) 5(C) 5(C) 5(C)
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Soil Reactions: [0K]

CH3

Py [

@ Maps = O X
Rzt
Detailed  Principal | Complex | Parameter * ] * |
Layer : Middle
Automatic direction I
XX yy xy oz
Stresses -s OoOoogo 0o
Membrane forces -N OoOooQg
Moments - M OoOono
Shear stresses - t OO
Shear forces - Q OO
Displacements - u,w OO O i kPa
= 8.69
Rotations -R OO O RS
Soil reactions - K = 6.00
g 450
R 5.00
1.50
. e 00
Ismoothlng within a panel v | 150
O 1solines [A with normalization — 300
®Maps [ with FE mesh 1 4,50
: e 6.00
Ovalues [ with desaription | o
[] open new window with scale displayed = -8‘76
[ Aoy ][ cose | [ hep pNorm., (kN/m2)
Cases: 3 (WIND1)
| Z=-12.50 m - Structure axis -12.50 |a|~ View
@ Maps - O X "*"ﬂ,“f-
ey
Detailed  pringpal = Complex ParameterEEl
Layer : Middle
Automatic direction I
XX yy xy z
Stresses -s OoOono [
Membrane forces -N OoOong
Moments - M O™
Shear stresses - t o0
Shear forces -Q OO
Displacements - u,w oo O ] 330
300
Rotations -R Oogd O == | 240
Soil reactions -K O ,- 1.80
20
060
0.0
[srnoot’ning within a panel v | j:]
O 1solines [ with normalization = -1.80
® Maps [ with FE mesh — 240
A ke 300
Ovalues [ with desaription = B
[[]open new window with scale displayed XY, (kNm/m)
[ appty ] I Close I I Help | Automatic direction
= o 5 Cases: 3 (WIND1)
Desaiption positions 24
IFinifP element centers v I ZaalZ 0 meStruclurs axis 120 | - | - View
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Displacement in Raft foundation: [Max. 4 mm uplift.]

CH3

@ Maps - O X "”‘" "
\.V
Detailed | Principal = Complex Parameberm
Layer : Middle
Automatic direction I
XX Yy xy oz
Stresses -s 5 I I 0
Membrane forces -N OoOooQg
Moments -M OogdoQg
Shear stresses - t OO y‘ \Ilrl‘
Shear forces -Q o0
Displacements - u,w Oogd M / ”k ‘ \‘
6
Rotations -R Oogd O “‘l = 5
Soil reactions -K I'/‘ 4
/A " L 3
-1 ' | A A 1
Object/window/capture selectlon 00
- |- ==
Ismoothing within a panel v I § — ;
Q1solines [ with normalization : 4
® Maps [J with FE mesh - -5
3 = £
O values [Jwith description [ ]
[[] open new window with scale displayed = g
I Apply I | Close I I Help WNorm., (mm)
Cases: 3 (WIND1)
l 30 Z =-12.50 m - Structure axis -12.50 | - | v View

Steel section check: Column [ok]

:Ic’”"E 1 [5:cone N &2 e #li BDREQ |

£~ Bar Properties: 60 - 5 (COMB1) — O % L
Pyt

o

Geometry Properties NTM | Displacements | Code check

Section: HP 10x42 Type: Column =
Material: STEEL Re = 243.21 MPa i
LRFD2000 @E Section OK

Symbol| Ax, Iy, Iz| unit | Description ~
Ratio:
RAT | 0.54] Efficiency ratio
S5COMB1 (1+2+4)*1.20+3% Governing load case - ULS
x=000L=000m Point
Other
Lambda | 3827 [Slenderness ratio
Lambda | 55.49| |5Ienderness ratio
Displacements {GLOBAL SYSTEM):
VX | D| mm |Memher displacement along X axis
are maw | 27| mm [Allnusahia mamhar dicnlacamant alnna ¥ awvi \J

|_AppIyJ | Close | | Printout
/ Object/window/captur]

Cases: 5 (COMB1)

View

Beams: [ok]
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*= Bar Properties: 55 - 5 (COME1) — ®o
&
Geometry Properties NTM Displacements Code check
Section: W BEx8.5 Type: Beam =
Material: STEEL Re = 248.21 MPa i
LRFD2000 @  Section OK
Symbol | Ax, Iy, Iz| Unit | Description ~
\) Ratio:
RAT [ o] Efficiency ratio
5COMB1 (1+2+4)*1.20+3*1|Governing load case - ULS
x=100L=248m Point
Other
’ Lambda yl 40.34 | | Slenderness ratio
Lambda z| 11 D.33| |Slenderness ratio
Deflections (LOCAL SYSTEM):
T AT e Thimimr A fimmbine lmo 7 i v
£ >
Apply Close Printout Help
Z
¥
Cases: 5 (COM
30 Z=12.50 m - Structure axis-12.50 ||~ =
= T iy Blteml ] ) =

Design RC Raft:

Analysis Results Design | Tools Add-Ins Window Help  Community

% ﬁ f\ AL Steel Members Design ... E|ﬂGB°mBW v'
3

_ Steel Members Design - Options -
3(’*‘-’ E IF Steel Connections Design ... || . # G)"‘ ai . L—J @ . 6 [lﬂ[ll

/l @@ Timber Members Design ...
Timber Members Design - Options L4

Py |

Required Reinforcement of RC Beams/Columns ...
Required Reinforcement of Beams/Columns - Options 4
Required Reinforcement of RC Slabs/Walls ...

Required Reinforcement of Slabs/Walls - Options
F'ro‘rlded Reinforcement of RC Elements

Vsl

41\

Cases: 5 (COMB1)

Z =12 50 m - Structure axis -12.50 |alw

b AN Gl apaail) cilel jaly daal i
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k % Q @ AN e @ &5 @|$S|ab-reanforcemem

+

Tk | )

Rotate 3D, Press |eft mouse button and rotate the structure vi

v
>
x|
| | General Detailed  Summary table | Wire fabrics - general | Wire fabrics - detailed
Wo.| Reinforcement Type == D"I“"':':;" Number|  {m} (m) (m) (m) (m) n
=

[Elna < L
x| x|
J=1| _ O|  General petailed Summary table = Wire fabrics - general = Wire fabrics - detailed
Type - Steel | Diameter
Steel Grade 520 (Deformed) No. Reinforcement Type Grad (mm) Number| (m) {m) {m) {m) {m) {
— | Reinforcement parameters 6
+-| Diameter ' 16 24 2 |<different value> Grade 520 |16 124
; o]
i I 1

s el el ja Y s Jueai¥) Bl il s paaall Cidlea gl apaai i€y g
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& Juadl)

D580y (530 )5S e QUSH Callpall 8 (e Lgapanal o dpad s e 4l (1) Jle
Bac (pe ST pea¥) G gaall (3 sallall (e (o)) paadl y (Aadie Al A IS8 ) aull 48 Jale daal]
D ey e dlalle il

Gk 10 e (A) At ll Gl -]

il sk Ax ) (e (B) saslusall 201 -2

Gditda e (C) oyl ) -3
3 )y ke aae (gt Sl Aliuall (geometric review ) J) Jiad slal (& ) sall
A8 el dsal)

]

! c

! S i Fhagy |2

i ey L

1 3 200 -
1

R T a
~ Ci,00Ea 8

Z = 14.00 m - Structure axis +14.00

|A|'

Tip of building (maximum height)

35.0 meter [10 strorey]

Length of building

56.2 meter

Width of building

25.35 meter
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View
> [[[3&][==|[™

14.00 m - Structure axis +14.00

Z=

A <

1237

P ) 22 5
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| | AUTODESK ROBOT ANALYSIS AND DESIGN

§ 3 ==
'l’ ;
Az

View

| Rotate 3D. Press left mouse button and rotate the struct
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AUTODESK ROBOT ANALYSIS AND DESIGN

DL1 —Self weight Computed by robot

DL2 2.0 kN /m’

LL1 2.5 kN /m? [Laboratory Service]
DL3 [walls and partitions ] 15 KN/m

LL2 2.0 kN /m” [General Office]

LL3 4.5 kN/m* [Radiology Service and others]
Wind Loads 30 Kg /m?

Column for steel part —steel W14x53 American section
section

beams for steel part —steel W14x53 American section
section

RC columns for concrete part | [700x700] mm Concrete 6 [41.31 MPa]
RC beams for concrete part [400x600] mm Concrete 4.5 [31.0 MPa]

RC slab 200 mm Concrete 4.5 [31.0 MPa]

RC slab for roofing [canopy] | 10 cm [thickness] | Cylinder f'c =27.54MPa

Strip footing [RC] Variable Cylinder f'c =27.54MPa

Raft and other footing [900-500] mm Concrete 4.5 [31.0 MPa]
thickness

Soil Bearing Capacity 10 Tons/m* Sand-salty mix.

Maximum Aggregate size 20 mm -

Reinforcement Bar diameter | ©25 mm ACI318-11

for footing

Loads combinations Service load , Fac. =1.0

+ULS [ultimate limit state]
+SLS [service limit state]

Code and design ASCE7-10, LRFD2000, ACI318-11
/;i?”m sl [
=T — S8 (e DL [Walls and Partitions
= % Weight]
H—— % g
, — el =
"t"v ‘ W W——T_‘*r‘
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m <2 §
]
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,‘Em; Lu.?
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[0.3 Kn/m?

AUTODESK ROBOT ANALYSIS AND DESIGN
WIND LOADS Y-DIRECTION

t:.
Lab. loads

[2.5 KN/mz]

R
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AUTODESK ROBOT ANALYSIS AND DESIGN

30

CH4

Z=000m - Base

| Object/window/capture selection i

el

-PZ kG
Casss: 1 (DL1)

View

18-07-2017

MULTITHREADED SOLVER

PHASE OF ANALYSIS

Reordering

Solution

Resolution stage

Case

Calculation Messages

R Autodesk Robot Structural Analysis Professional - Calculations

Mo supports

|

MNumber of errors: 0
Mumber of warnings: 2

16:22:48 End of the structure verification
16:22:48 Start of the analysis

Statistics
Number of Nodes
Number of Elements
Number of Equations
Frontwidth
Initial
Optimized

— O >
STATIC ANALYSIS 16:22:57
| | 00:00:01
7 | |
~
Parameters of the material used in the object are different from parameters defined in preferences. r
]
Resources In Use
17891 Memory 5225.434 26.386
16435 Disk 346447.539 52,793
77396 Case 1
Start of Analysis @ 16:22:49
Estimat, Run Time : llsec
Caleulation Priorities | Nermal w |
Pause | | Stop | | Help I

: Alaatouall il o il
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AUTODESK ROBOT ANALYSIS AND DESIGN

1- Stresses [Global extreme stress] :

- 5 max({My) 5 max{Mz) 5 min{My} 5 min{Mz)
5 max (MPa} | 5 min {MPa}) (MPa) (MPa) (MPa) (MPa) FxlAx (MPa)
MAX 18.09 10.30 15.44 8.50 -0.00 -0.00 1210
Bar 21 o4 205 203 520 a28 20
Node 41 42 10955 342 180 149 39
Case 1 1 2 2 7 7 1
MIH -0.16 -13.17 0.00 0.00 -15.44 -8.50 -0.97
Bar 17 205 520 223 205 203 13
Node 34 10996 180 149 10996 342 25
Case a3 2 7 7 2 2 2

2- Deflections [Global extreme stress] :

UX (mm) UY (mm) UZ (mm) abaall  Glalgal) LR EVEN
Al Al sl (8 Jshaglls

MAX 0.0 0.2 0.6 T A
Bar a4 560 B2 (aa g 4.:1.11...».1\1\ 4 u\w‘d)m
Case 1 1 4 Aaladl .,SL",QS\
MIN -0.0 -0.3 -1.4
Bar 167 9 a2
Caze 3 1 4

3- Soil Reactions:

.1.5m'?.m.n1|m.:¢u.zvsaem. 1202.10 -0.01/00.670.00/58.57, 0y
0410322 02037 (o ... T @ A

— [~ W[ T UT S CY 7 B W Wi |
@ Maps = O X m P T : 7 T T e T e s | L A Tt
1381 00 0.5576.3 .0.0000.10 00 . 2 S . 400 5d ™
; AR R BT S TR i R L R e 5 Toe
Detailed | principal | Complex | Parameter| ¢ | * | : S3va. S e e e e S ‘(Jﬁi -
a2 2
odim. 4
1.0040. 4
Layer : Middle ) = = S
e o
Automatic direction l B N
A. o
XX Yy Xy r4 o.opice.28 -1.03/1)2.370.26/09.520.20,70. 16 67.65 n.m:n.m.mm.m,oqq
- 3 oAdes *.0.83115.550.20V33.400.00770,26 - -0.00/73. 3000106 020, o124 45 -
Stresses -s Oo0o0g O Aoz -0.03/1)5.90.01/56.050.02/01.800.02/72.31 u.mm.a«:m.\s.ﬁﬂn.om 2
Membrane forces -N D D D : R E A ~.0.45/122. 10, 16/100. 180.07/06,020.04/76.99 n.mm.mu.m:mo_mh 3 =1

ai + --2.70y108.03,

Moments - M oog w12

12848 T 40517

.s.utnua 4.39/104.49 1.2090.03 g < R -
Shear stresses - t E] |:| : . -106/102.73 43450.788.001104. 11,2093, 330.0992,450.1904.02 0,040, 30.04/33.08, 0,08/ n. "
b 0993.23.00/07.712.00/93.01. 1407, 350,4006,200.17/00.73  -0.11/04.730.1050.77 L~
Shear forces -Q Oogd i!l 2010144 -1.008.50.5402.910.4002.61 0.2101.340. 150430141183 03 2
: | 29Mm g symomrezes | ommam 093 5 3o cio.ee 0271 72 N\ Sal
Displacements - u,w oo O 2108873 qaz7ranmeisd <Y 0540023 0.5079.150.4304.070. 44150, 1704218 2 %
Rotations -R. og O " B _‘4 T’-“h.ss‘m.ﬂ '_-Em.fz.uf ;-nmuz’.znv&engg a.ndnm.rénafmmzﬂ-m -3"_ oy e > _______________ 3 @ A
] i P Sl 9fEg DS g5 0SS g9 75 Draniem o] . 3.
Soil reactions -K E & Tlomrros 05WA qqzpeiz | 4.0077.60 R0 - 00011376 1 'ﬁ" T/\ i 7 7 2 % g
0.6p87.06 67.%9 -1.0076.791.1375.431.07/01.22 -1.04/73.070.94/01.720. 520006102184 0 — 27267
o.gmo . Ol Fooyrzoe kel e R T E o S 2 ; 250.00 4
o.chen 21010740 0. 1074.4d 2- o.1a77.50 (4B 53479 0w 4586720 771184 70 = é = 225,00
0.04103.09.0904.77 . -0.2103.650.15103.600.17/06.23 . a.nm,m.u.sm.anw.m, 2. ~ ) : 3 . 1R : -
2.0 o B ~ . 20000
ismoothing within a panel v I oAy, ,k' *S 17500 o
= ” i X - === - S ~-i ) o
O Isolines With normalization — o E 1’ ©
3 3 Sy 5 3 T : ¥ i : ST Somizmomeie | ; 125.00 o
®Maps [CJwith FE mesh O.01/25.710,0924.0D.0423.090.0923. 3¢ 0.0423.02  0.0323.20.0424.490.07/20.58 F B\ 100.00
QO values M with description . D0|IR.0t00VZT.310.042 4004 00473 0.0V 000477 aD 02 A1 - 7500 ° o
" » % -0.0{/33.06.0.03/30.770.04/30.20.0429.00 0.0430.43  .0.0329.700.04/31.00.07/2.20 0. 13§7.47 2
[[J open new window with scale displayed -0.01/36.440,03133.740.04/33.200.04/22.79 0.04/33.03 0.03/22.620.04/33.560.07/34.910. 137 20 [" 50.00
i " 0.0R9.120,03135.4D.04/39.070.04/39.37  0.0¥3.60  -0.03/35.240.04/35.080.07/37.350. 124144 : . 2500 o
I Apply I I Close ] I Help J DABM.00,031.75 | DO0ITMD.OYDOI -0.03F7.330.0430.40.0735.510. 124 f‘ 00
Fas o5 0.341.26.0,0340.75  -0.0340.129,0319.26 0.0340.20 * ".0.0440.20 0.0741.38 0.1446.24 3 3 ? 7
Desdiption positions 0,5245.260. 1642.59.0442.090.0441.34  D.0344.69  -0.03¢1.100,00M2. 10.07M2.55.0. 1444¢] ' 624 .
[Finite element centers VI © - D.gi7.050.2043.50.0045.30.0442.70 - 0034250 ‘a0z chdsnmu o lsidm - - | 0 « - - - -pNorm, (kN/m2) 5 —
0.7h0.200.4045.170.154.040.0043.03 009441 0.0443.650,00464.740.08149.430. 140557 - Cases: 107 ©

dz.20

| | > . 0.52M9.97.0 AOUA 120 TN TN 1GUA TP N AAMA 27 0 1AMA 8RN 114A REN.0RMA 47 v
8 XY i Z2=000m - Base r‘ r"-‘ 400
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AUTODESK ROBOT ANALYSIS AND DESIGN

4- Shear stress [xx-direction]
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CH4

E Columns - Parameters of RC Elements K

Structure | Column - View | Column - Results | Column - Reinforcement | Column - note

Simple cases
+ . "
Manual combinations

Selected regulation for generation of combinations:

RC regulation
| ACI318 2011

Grouping type
[+ According to story

[ Create stories for elements not assigned to stories

[ According to geometry
[+ Column chain

b Always display this dialog box
] Automatically run calculations

Nos  Nature Subnature Label | Hame .
1 dead load dead 1 DL1
2 dead lnad dead oLz DLz
3 Live live LL1 LL1
4 Live live LL2 L2
5 wind wind WIND WINDT ¢ Q
5 Live live LL4 LL4 v
= o : -
Simple cases /

o] [ o E

[I: Reinforcernent Pattern - ACI 318-11 metric

Longitudinal Bars | Trangverszal Barz Dowel Bars | Shapes

Corner bars

Diameter: . .

.
Maximal number of bars in a bundle
3
o .
Intermediate bars ] All tied
[ Identical diameters Bar arrangement {m)
Diameter: Spadng limits
Maximal number of bars in a bundle elx= m

e2<—m

Mumber of bars

Constructional bars r—H
Q  [FEee o [4 ]

Generate constructional
b1

reinforcement 0 } oh

[]piameter as for intermediate ones

[
<

&
<

Diameter:
A Tied | Restore default |

>
I OK |
| Cancel |
| Help |
| Standard w |
| Save As .. |
| Delete |
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[T Reinforcement Pattern - ACI 318-11 metric >
I
Longitudinal Bars | Transversal Bars | Dowel Bars = Shapes
Elevation {m) Section I OK I
Diameter: E |_ | Cancel |
e ] R
— 1 =
o1 * | e2es [045] L] (S -
T | b ) -
ave As ..
il |2 = | —=_
—i =
=B P 3
—
E‘ {®) Ties up to slab ) R D EI
=1 |
@ () Ties up to beam b | R
= @/
[T Reinforcement Pattern - ACI 318-11 metric X
I
Longitudinal Bars | Transversal Bars | Dowel Bars | Shapes I I
OK
Diameter'. | 7 I |
__Il ance
o 5= G ] —
=
;e E] :
A Tied | Standard w |
Restore default |
— Save As ...
Connection to the upper column | — |
{:} On E Main bars | Delete |
(® Auto [ ] constructional bars
off [+] Dowel bars
Bent bars
dh C}Dn
() auto
dv  @Off

(170)

CH4



NS

CH4

)

AUTODESK ROBOT ANALYSIS AND DESIGN

Structure | Column - View | Column - Results | Column - Reinforcement | Column - note
o.lo I I o.ls— < 2
15 i
[ E" ] z._{.v
0|0 1 I 015 v ~
=Gl
éll B ﬂ M EII General | Detziled Summary table
Type transversal : Steel Diameter
Steel Grade 300 (Deformed) No. Reinforcement Type Grade {mm}) Number| {m} {m} {m) {m}
~ | Reinforcement parameters 1 1 |main Grade 420 |25 25
:r- Diameter |13 k
: BC
i— Shape ® E l'q
g [d
I Shape code T2
i~ B m) 032
- Cim 062 < >
- D fm) 032
i-[E {m) 062
3 saxll Apluall 45 530)
1 Level:
e Name :
o Reference level :0.00 (m)
e Firerating :0(h)
e Environment class : mild
2 Column: Column9 Number: 1
2.1 Material properties:
e Concrete : CONCR_6 fc' = 41.40 (MPa)
Unit weight : 2407.31 (kG/m3)
e Longitudinal reinforcement : Grade 420 fy =420.00 (MPa)
e Transversal reinforcement : Grade 300 fy =300.00 (MPa)
2.2 Geometry:
221 L 700 x 700 (mm)
Cut 300 x 300 (mm)
2.2.2  Height: L =3.35(m)
2.2.3  Slab thickness =0.20 (m)
2.2.4  Beam height =0.60 (m)
2.25 Cover =40 (mm)
2.3 Calculation options:
e Calculations according to : ACI 318-11 metric
e Precast column :no
e Pre-design ‘no
e Slenderness taken into account 1 yes
o Ties ‘to slab
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e Non-sway structure

24 Loads:
Case Nature Group If N Myu Myl Myi Mzu Mzl Mzi
(KN)  (KN*m) (kN*m) (kN*m)
(KN*m) (KN*m) (KN*m)
ComB1 design 9 1.00 7668.68 147.34 -664.98 -340.05 -97.30 515.80 270

L'f - load factor

2.5 Calculation results:

2.5.1 ULS Analysis

Design combination: COMBL1 (B)

000.65

Internal forces:

N = 7668.68 (kN) My = -664.98 (KN*m) Mz = 515.80 (KN*m)

Design forces:
Lower node
N = 7668.68 (kN) My =-664.98 (kN*m) Mz = 515.80 (kN*m)

2.5.1.1 Detailed analysis-Direction Y:

2.5.1.1.1 Critical force

Pc = 86568.06 (kN) (10-13)
k*lu = 3.50 (m)

El = 107446.93 (kN*m2) (10-14)
'd=1.00

Ec = 32481.86 (MPa)

Es = 199948.02 (MPa)

lg = 14923333333 (mm4)
Ise = 589884949 (mm4)

2.5.1.1.2 Slenderness analysis

Non-sway structure

Iy (m) k k*1y (m)
3.50 1.00 3.50
k*luy/ry = 18.12 < 36.66 Short column(10-7)

2.5.1.1.3 Buckling analysis

M1 = -664.98 (kN*m) M2 = 147.34 (kN*m)

Case: Cross-section at the column end (Lower node), Slenderness not taken into
account

M = -664.98 (KN*m)

Mc = M = -664.98 (KN*m)
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2.5.1.2 Detailed analysis-Direction Z:
M1 =-97.30 (kN*m) M2 =515.80 (kN*m)
Case: Cross-section at the column end (Lower node), Slenderness not taken into
account
M =515.80 (kN*m)
Mc = M = 515.80 (kN*m)

2.5.2 Reinforcement:
Ratio: P = Asr/Ag = 3.07 %

2.6 Reinforcement:

Main bars (Grade 420):

o 25125 [=3.31 (m)
Transversal reinforcement (Grade 300):
stirrups: 14 =13 1=1.98 (m)
3 Material survey:
e Concrete volume =1.10 (m3)

e Formwork  =7.70 (m2)

o Steel Grade 420
o Total weight =318.97 (kG)
e Density =289.98 (kG/m3)
e Average diameter =25.0 (mm)
¢ Reinforcement survey:

Diameter Length Weight Number Total weight
(m) (kG) (No.) (kG)
25 3.31 12.76 25 318.97

o Steel Grade 300
o Total weight =28.88 (kG)
e Density = 26.26 (kG/m3)
e Average diameter =13.0 (mm)
¢ Reinforcement survey:

Diameter Length Weight Number Total weight
(m) (kG) (No.) (kG)
13 1.98 2.06 14 28.88

il ity Galdll o gindl s asarad
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Autodesk Robot Structural Analysis Professional 2017 - Praject: Structure OF 10 STORY BUILDING - Results (FEM): available ' Type a keyword or phrase w——x
File
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3 Story.
[ElModel
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— | Reinforcement parameters 1| 1 [<different value> 10.0
\ Structure elements f Drawngs [ ! Do 100 > |2 Toop i the X drection 00
Name Valug Unit| ~ ' 3 |«different valie> 10.0
j il
i 5 |topin the X direction 10.0 20
: 6 | 6 |[topintheXdrection 10.0 4
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: 9 | 9 [iopintheX diection 0.0 B
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7| Left end 41| 11 |<different value> 10.0 576
| Hock 00 12| 12 |<different value> 100 8
- Hooklength | 0.00 13| 13 [topin the X drection 10.0 8
| 14| 14 [topin the ¥ direction 10.0 =z
17| Postion X 1045 15 | 15 |topin the ¥ direction 10.0 3
| Postion Y 16_| 16 |opin the Y direction 0.0 18
|- Postion Z 003 17| 17 |<different value> 0.0 E
v — Right end 18 | 18 |<different valies 100 29 @
v B < >
+-| Hook 00
I LR E7]
Siab - Reinforcement Table || Siab - Reinforcement
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C

= =

General

.ﬁ_ Reinforcement Pattern - ACI 318-11 metric

Bottom Reinf, | Top Reinf. | Transversal Reinf. Constr. Reinf. | Shapes

Reinforcement segment Main reinforcement
O single span Min. dameter |25 ]
® Whole beam
Preferred bar spadng {mm})
Emin
Emax
Straight bars

For longitudinal
reinforcement for torsion

Maximum length:

Minimum diameter: (mm) Tied all
QO auto (® ves
Module length: m
Group layers
Bent bars
Bent bottom bars Anchorage length - m
Bent top bars Bend spadng
Number per plane intermediate m
from support

[600 Joeg

[ symmetrical reinforcement

Bend angle

Consider slab parts of T-section in quantity survey

[J1gnore verification of reinforcement shape during beam verification

X .ﬁ_ Reinforcement Pattern - ACI 318-11 metric

General = Bottom Reinf. | Top Reinf, | Transversal Reinf. | Constr, Reinf, | Shapes

0K
Elevation
Cancel Arrangement type
| Support reinforcement |
(@ Fit to envelope

S ded load
Py O Constantseg.spacn:

1.0 |{m}

Position of extreme stirrups

T T
ke ek

Available spadngs {m)

(® spadng multiplication:

Qe <= m @ Auto Olist: 0.050.070.090.110
Section
[ auto

User definition. ..

Open stirrups

|:| For T-section .
[JFor rectangular section

Diameter 1:

- o]

[rin

|:| Diameter 2:

Structure  Beam - View  Beam - Diagrams

Beam - Reinforcement | Beam - note

Tl -
00
RIGHT
e o _|
(=] (=]
o0, b
< > £ >
aE
x|
O] | General Detailed Summary table | Spadngs and areas
. Steel Diameter ~
No. Reinforcement Type Grade (mm) Number| {m} {m}) {m}) {m}) {m}) {m} {m}) {m}) {m}) {m})
1 1 |main-top Grade 4200 (25 3|B=1582
2 2 |main-top Grade 420 (25 3|B=37FF
3 3 |transverse-main Grade 300 |10 L]
4 4 | main-bottom Grade 420 (25 3
5 5 |transverse-main 35
i1 6 |assembly-top Grade 420 (13 3
7 T |assembly-top Grade 420 |13 5]
3 & |main-top Grade 420 (29 3|B=361
9 5 |main-bottom Grade 420 (25 3|B=7.15
10 10 |main-bottom Grade 420 (25 3|B =987
11 11 |main-top Grade 420 |25 3|lB=438
12 12 |main-bottom Grade 420 (25 3|B=527
13 13 |cuts longitudinal Grade 420 |13 4
14 14 |assembly-top Grade 420 |13 3
15 15 |assembly-top Grade 420 |13 3 v
£ B - T >

et Bpainnall Aglis Al dgiall L2 s 1) Ll
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>
x| |
o Bl | General |Detsiled Summary table | Wire fabrics - general | Wire fabrics - detailed
Type Steel | Diamet
Shed P —— Ho.| Reinforcement Type &2 '::ﬁ‘;r Humber|  (m) (m} (m) (m} (m) (
— | Reinforcement parameters 1 1 |=different value:= 25.0 T40
 rr— [50 2 | 2 [=different value> 25.0 370
n - 3 3 |topin the ¥ direction 25.0 9
T Shape parameters 4 4 |=different value=
H 5 5 |[topin the ¥ direction 25.0 34
: sh 6 | 6 |different value> 250 417
T ]=hape - .
r 1 Shape code
- | Left end
[ Hook: 0.0
I-[Hook length | 0.00
!- Pasition X
i-| Posttion ¥ < >
L. e Qg | e
bi -]
[
FE= T
e
b =]
mr
L
=
=]
I
B
R . Y
% 5440 545 540
2600 )
r %
. ™w fm [-=m- FEErTE Coer
E Level  Level=-0.00 Element: Plate5 At Sz
SEmsEEm
FRO | Subject: Snemorasoermame Drawing: BOTTOM 5LAB REINFORCEMENT S, 1T o . EOT e
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22.25

% 5 E 544 ﬁ 545 % 540 1&%{]

CHA4

b =0 T
g . ™ m Coomn, E=THiM er
E{ Level  Level=-0.00 Element: Plate5 At -::
P | Subjest munwesmmame Drawing: TOP SLAB REINFORCEMENT [ = e 5om o
< Alal) 43 5300 Ll
1. Slab: Plate5 - Panel no. 5
1.1. Reinforcement:
Type . RC shell [Raft Foundation]
¢ Main reinforcement direction 1 0°
e Main reinforcement grade . ; Characteristic strength = 420.00 MPa
e Bar diameters bottom d1=25(mm) d2=25(mm)
top dl1=25(mm) d2=25(mm)
o Cover bottom ¢1 =50 (mm)
top c2 =50 (mm)
1.2. Concrete
o Class : CONCR; Characteristic strength = 41.10 MPa
¢ Density : 2407.24 (kG/m3)
1.3. Hypothesis
e Calculations according to . ACI
¢ Method of reinforcement area calculations : analytical
¢ Allowable deflection : 30 (mm)
¢ Verification of punching :yes
e Calculation type : bending +

compression/tension
1.4. Slab geometry
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Thickness 0.90 (m)

Contour:
edge beginning end length
x1 yl X2 y2 (m)
1 0.00 22.25 26.00 22.25 26.00
2 26.00 22.25 26.00 0.00 22.25
3 26.00 0.00 0.00 0.00 26.00
4 0.00 0.00 0.00 22.25 22.25
Support:
n° Name dimensions  coordinates edge
(m) X y
1 point 0.50/0.50 13.00 22.00 —
3 point 0.50/0.50 7.00 22.00 —
0 linear 0.20/6.00 400 22.00 —
0 linear 7.00/0.20 7.00 18.50 —
5 point 0.50/0.50 19.00 22.00 —
7 point 0.70/0.70 1.00 22.00 —
0 linear 7.00/0.20 1.00 18.50 —
9 point 0.70/0.70 25.00 22.00 —
11 point 0.70/0.70 1.00 1.00 —
13 point 0.70/0.70 25.00 1.00 —
15 point 0.50/0.50 13.00 1.00 —
17 point 0.50/0.50 7.00 1.00 —
19 point 0.50/0.50 19.00 1.00 —
21 point 0.60 7.00 15.00 —
0 linear 0.20/1.00 150 15.00 —
23 point 0.60 13.00 15.00 —
25 point 0.60 13.00 8.00 —
27 point 0.60 7.00 8.00 —
29 point 0.50/0.50 1.00 15.00 —
31 point 0.50/0.50 1.00 8.00 —
33 point 0.50/0.50 19.00 15.00 —
35 point 0.50/0.50 19.00 8.00 —
37 point 0.50/0.50 25.00 8.00 —
39 point 0.50/0.50 25.00 15.00 —

* - head present
1.5. Calculation results:

1.5.1. Maximum moments + reinforcement for bending, compression/tension

AX(+) AX(-) Ay(+)
Ay ()
Provided reinforcement (mm2/m):
0 0 0
Modified required reinforcement (mm2/m):
2744 7534 3978
9014
Original required reinforcement (mm2/m):
2744 7534 3978
9014
Coordinates (m):
23.00;7.25 25.00;22.00 26.00;4.24
25.00;8.00

1.5.2. Maximum moments + reinforcement for bending, compression/tension

AXx(+) AXx(-) Ay(+)
Ay(-)
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Symbol: required area/provided area

AX(+) (mm2/m) 2744/0 1371/0 1170/0
2075/0
AX(-) (mm2/m) 0/0 7534/0 0/0
5830/0
Ay(+) (mm2/m) 0/0 0/0 3978/0 0/0
Ay(-) (mm2/m) 1170/0 7400/0 0/0
9014/0
SLS
Mxx (KN*m/m) 615.62 -1669.39 37.32
1425.85
Myy (KN*m/m) -93.99 -1649.88 1007.41
2051.45
Mxy (KN*m/m) 113.04 -109.77 10.89
9.40
Nxx (KN/m) -15.84 -23.90 0.23
15.06
Nyy (kN/m) -50.53 -56.66 -51.23
49.86
Nxy (kN/m) -1.70 -8.07 1.29
0.03
ULS
Mxx (KN*m/m) 861.82 -2337.01 52.25
1996.08
Myy (KN*m/m) -131.57 -2309.69 1410.30
2871.87
Mxy (KN*m/m) 158.24 -153.68 15.24
13.16
Nxx (kN/m) -22.18 -33.45 0.32
21.08
Nyy (kN/m) -70.74 -79.32 7172
69.80
Nxy (kN/m) -2.37 -11.30 1.80
0.05
Coordinates (m) 23.00;7.25 25.00;22.00 26.00;4.24
25.00;8.00
Coordinates* (m) 22.00;6.25;0.00 24.00;21.00;0.00 25.00;3.24;0.00

24.00;7.00;0.00
* - Coordinates in the structure global coordinate system

1.5.4. Deflection
[f(+)] = 0 (mm) <= fdop(+) = 30 (mm)
[f(-)| = 30 (mm) <= fdop(-) = 30 (Mm)

Loads:
Case Type List Value
1 self-weight 54t065 118t0128 5 137t0139 192t0202

211t0213 265t0276 285t0287 340t0350 359t0361 414t0424 433t0435 488t0498 135
507t0509 562t0572 581t0583 636t0646 655t0657 710to720 729t0731 747t0o750 752t0755
740 757t0760 762t0765 767t0770 772to775 777t0780 782t0785 787t0790 792t0795
860t0864 904 971 972 1094t01097 1103 1104 1111 PZ Negative

2 (FE) uniform 54t065 118t0128 135 137t0139 192t0202
211t0213 265t0276 285t0287 340t0350 359t0361 414t0424 433t0435 488t0498 50710509
56210572 581t0583 636t0646 655t0657 710to720 729t0731 740 904 971 1094t01097 1103

1111 PZ=-2.00(kN/m2)

3 uniform load PZ=-15.00(kN/m)
4 (FE) uniform 1094t01097 PZ=-2.50(kN/m2)
5 (FE) uniform 904 971 PZ=-2.00(kN/m2)
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6 (FE) uniform 638 642 646 710t0720 PZ=-
4.50(kN/m2)
6 (FE) uniform 54t065 118t0128 137t0139 192t0202

211t0213 2660276 285t0287 340t0350 359t0361 414t0424 433t0435 488t0498 507t0509
562t0572 581t0583 636t0646 655t0657 710t0720 729t0731 747t0750 752t0755 757t0760
740 762t0765 767t0770 772t0775 777t0780 782t0785 787t0790 792t0795 861t0864
PZ=-4.50(kN/m2)

7 (FE) uniform 860 PY=0.30(kN/m2)
7 uniform load PY=7.20(kN/m)
relative

7 uniform load PY=7.20(kN/m)
relative

7 uniform load PY=7.20(kN/m)
relative

7 uniform load PY=7.20(kN/m)
relative

7 uniform load PY=7.20(kN/m)
relative

7 uniform load PY=7.20(kN/m)
relative

7 uniform load PY=7.20(kN/m)
relative

Combination/Component Definition

ULS/10 (1+2+3)*1.20+(6+7)*1.60
ULS/11 (1+2)*1.20+5*1.60

ULS/12 (1+2)*1.20+5*1.60

3. Material survey

e Concrete volume =520.65 (m3)
e Formwork =578.50 (m2)
e Slab circumference =96.50 (m)
e Area of openings =0.00 (m2)

x| - X
[=]] _ 0| | General Detailed Summary table Wire fabrics - general = Wire fabrics - detailed
Type i 2
Sty:el (Deformed) No. Reinforcement Type é:::, D“:;‘f’:;" Number| (m) {m) {m) (m) {m)
= Reinforcement parameters 5 5 |=different value> 16.0 350
+-| Diameter I 160 6 6 [top in the X direction 16.0 20 |
: 7 7 |<different value> 16.0 173 i
- Shape parameters 8 8 [top in the X direction 16.0 21
¢ 9 9 |top in the X direction 16.0 50
E 10 10 |[top in the X direction 16.0 26
T Shape 11 | 11 [topin the X direction 16.0 25
H 12 12 |top in the X direction 16.0 13
E 13 13 [top in the X direction 16.0 28
] Shapd code 14 | 14 |<different value> 16.0 176
T | Left end 15 | <different value> 33
-| Hook 0.0 | 16 | 16 [top in the X direction 16.0 i 6 v
H et _|non < >
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Case No: 3: WIND1
Selected:  Uniform load

Self-weight and mass
Surface

| ] ]

Height of Tank 16 meter
Radius of Tank 12 meter
RC Wall thickness 0.5 meter f'c cylinder 27.60 MPa
Base of Tank thickness | 0.7 meter
Water depth 15 meter maximum
DL1 Self — Weight
DL2 Hydrostatic Pressure computed by computer
DL3 Fluid weight
Wind loads 30 kg/m? X-y direction
Bearing capacity of soil | 10 tons/m’ Sand-salty mix.
N Mesh % @ .b A
rect AN=
g l =@ &
R YO |
QL
=3 Fiadue R [—]m £ @ OF |8
Height H [m] " S -
Base thickness Th1 [m] % a A
. Wall thickness Th2 [m] I rl:‘ }/ .
g Material va 5
& A
o “49
i foJ P w 1
o] [om ] ot | AL
d L 90 g Y S0 m T — p—T | T I & |
o =3 Y 22 = = i om an, 7™

Cases: 3 (W
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y | o

=2
| Frogy ;f‘
[ Load Definition ~ — X l
I Pressure = m} X
Pressure
Constant part (from uniform pressure)
Pressure value P: (krPa)
Variable part (from liquid)
Unit weight of iquid: (kG/m3)
Load action range
Liquid level h: (m)
L 5
According to axis O-x Ox
O-y Oy
@®-z Oz
=] [ Geometrical limits J
f v Add Close Help
‘ 12 (DL2)
| 3 | Z=000m-Base [a]v. View
[h ol n 1R TS LI = ¢ > [[a&][am]tw]
< %y

I Rotate 3D. Press left mouse button and rotate the structs

@ kPa
Cases: 2 (DL2)

Afiges

o) Al Lﬁ).-.‘-“*j‘ Y

Diameter of RC raft foundation

34.2 meter

Thickness of raft

900 mm

Concrete strength

Concrete 4 = 34.50 MPa
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Py &

<13, cacyl044_TH_0.7 1; Shell

| 12; cqcyl044_TH_0.71; Shell

\ | 157 cqcyl044_TH_0.7 1; Shell

Objects u

720 [EEIes

4, cqcyl044_TH_0.7 1; Shell

) J phyd=00 ,981) |
| phyd=(00 981) |
J7 7 -B; ccyI044-TH_0.7 1; Shell -

_9; cqeylo44_TH_07 1; Shd

!

J phyd=(00 ,981)

RC RAFT TH900_KZ; Reinforcement_type_1; Shell
11; cacyl044_TH_0.7 1; Shell

9'818 | —— Rotate 3D. Press left mouse button and rotate the struct:
> 10, eqeyl044_TH_0.7 1; Shell

p hyd=(0.0
i el

Y W kPa
Lx Cases: 2 (DL2)

30 Z=000m - Base |a]> View

ALl

1- Soil Reactions:

= Autodesk Robot Structural Analysis Professional 2017 - Praject: Structure - Results [FEM): available uTypeukeymdorphmsE lan 22 % O signin - @] - X
File Edit View Geometry loads  Analysis  Results Design  Tools  Add-lns  Window Help Community — @ X
: =} Dy, ] aa o F
DR aXaRNQ B8 BEY R Y2 P [EE -
e ? ? . £ 9 D aes a
A -2 e @ L oo Va2 el EO0REG & T
et Ve T @ wops - O x ey | o®
Al ? 2 Frakp | _
-5 ~
_ObJ - - | Detailed prinpal | Complex | Parameter [ *] Objects N
Bl Objs |
i roo0Eaga F)
n & Layer : Middle —_———————
Aol Automatic direction | {P
o vy \__J/ A
Stresses - ooo o ~
Membrane forces -N Ooond
Moments -M ogo =
Shear stresses - t oo y
Shear forces -Q og
Displacements -uw [ [J m] L
Geometry Rotations -R oo O o %
Name Soil reactions - K - 6.78
mee [ I
[P @
[moothing within a panel ] £ =
O lsolines With normalization \’_/ 00
(® Maps [ with FE mesh 113 Q
O values [] with description m 226
Clapen new window with scale dplayed — b o
Ty ] [ome ] [0 ] e | m
phorm., (kKN/m:
’:| ) : Cases: 2 (DL2) /ﬂ_ml
£ Z=000m - Base [a]> View v
s B] Ll = < > (=
0 X @ Results (FEM): available 839 Atz RC RAFT TH300_KZ It %=-0.79 y=6.54 z=16.00 = 000 [m] [kN] [Deg]

dx 7 | A

Lo g samsall Ganm il e ClaleaY)
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2- Membrane Force —N [xx-dir.]

CH4

Autodesk Robot Structural Analysis Professional 2017 - Project: Structure - Results (FEM): available

N Type a keyword or phrase

File

Edit  View

Geometry

Loads  Analysis  Results

Design  Tools  Add-lns  Window  Help

Community

D2EHS¥A!

IXBENAEHE l—a@\%ﬁw&a«mmh,mm—|

J2

Yz @ W LD

~nd

X

Je n|

Geometry

@ Maps

Detailed  Princpal = Compl

Layer : Middle

= a X

lex | Parameter[ < [ * |

Automatic dir

ection |

Stresses -s
Membrane forces -N
Moments -M

Shear stresses - t
Shear forces -Q
Displacements - u,w
Rotations -R.

Soil reactions -K

X oyy xy oz

ooo o

MO0

ooo

oo

oo

ood

oo |
O

lsmooming within a panel v]

QO 1solines With normalization
Maps [CJwith FE mesh

QO values [ with description

[J0pen new window with scale displayed

Close

[ ooy ] |

] |

Hep |

Desaiption positions

|Finite element centers.

B3 o7 gray

pTIA
\Ia r-\v/-v/n 3 KOS

(&=

|‘|'

Objects

£008HB &

NXX, (kN/m)
Automatic direction
Cases: 2 (DL2)

@® Results (FEM): available

3- Shear stress —t [yy-dir.]

Fid

RC RAFT TH900_KZ

It x=-12.21; y=-9.76; 2=0.00

=y Autodesk Robat Structural Analysis Professional 2017 - Project: Structure - Results {FEM): available NType a keyword or phrase Sign In - - X
File Edit View Geometry Loads Analysis  Results  Design  Tools  Add-Ilns  Window  Help Community —fx
3 =] A aa v = ;
D2HEYREXERANAQ II D8 &Y YR P EE “
: ? 9
<] Ve B It
ject In E |
Obiect I e @5 praps - O %
H T 3
——— - Detied  pring
oot Principal | Complex | Parameter * [ * | Objects Q&
B Obj
B, b Layer : Middle S —————
e 5 Automatic direction ‘ IP
ooy oz A
Stre -
esses - goo b oo amom ~
Membrane forces-N - [] [] [J T - P o &) oo
Moments - M Oooo 2.03 — 00 ot =]
a0t am
Shear stresses -t O= - = O om om 4o by oo é'/
R X amam
Shear forces -Q og oo [000 am ser 000 om0 o 3‘
Displacements - uw (] O o0 000 5 =) oo 0.00
0w one 026 001 04 om 25 °® ow [m 043
Geometry | | Rotatons -R oo O o e oo 1 -y |53
T Soll reactions - K O = 035
028 T
= 021
014 Q
smoothing within a panel - (elel/
‘ : pa | 0o =
O solines With normalization 007
Maps ] with FE mesh - 014 Q
O values With description 021
[]Open new window with scale displayed — Rl m
030
[ ooy ][ cose | [ hep | 1YY, (MPa) m
Description positions A“""”S;:"z%‘i’z") Al
[Finite element centers. ]
0 Z=000m - Base ||~ View
Lk EE=] B >TEE=T .
View
YT IR S ] @ Results (FEM): available 239 Al 2 Reinforcement type 1 I x=-26.85 y=15.49; z=0.00 = 000 [rm] [kN] [Deg]

o Tl

( F |'-'IVI-V.ﬂ‘\
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[ calculation Options - ACI 318-11 metric; Regulation - ACI318 2011 [ calculation Options - ACI 318-11 metric; Regulation - ACI318 2011
General | Conaete | |ongitudinal reinf.  Transversal reinf. | Wire fabrics General | Concrete | Longitudinal reinf. | Transversal reinf. | Wire fabrics
= ——
| Cancel | ad 318-08_metric | Cancel
Name: |CONCR_4 &
Help . Help
Characteristic strength: | 27.60 MPa | Grade: |Grade 420 v| | Deformed |
Characteristic strength 420,00 | (MPa) I:
Unit weight: | 2407.31 kG/m3 | tandard Standard 1
Save As ..
hggregete size - [ sawehs.. [ saers.. |
| Delete | Hame d(mm} | A(mm2) Delete
1 ([ 10 10.0 79
2 | 13 13.0 133
Sand percentage 0 = [E4) 3 16 16.0 201
4 | 19 19.0 284
Aggregate type: 5 [[] 72 220 380
6 |[] 25 25.0 491
7|1 29 20 661
g [ 32 32.0 804
9 [[] 36 36.0 1018
10 | 43 43.0 1452
1| 57 57.0 2552
2 ry Autodesk Robot Structural Analysis Professional 2017 - Project: Structure - Level: Level £0.00 - Results (FEM): available - Results: ava\\a...u Type a keyword or phrase Sign In 3 - — X
File  View RCElement  Analysis Results Reinforcement  Tools Add-Ins  Window Help  Community — P X
o =] ElN i
FEORSYAGXAYBDGANAE AQAYERS & 14 P
RC Compenent Inspector % | Stucture | Wall - View  Wall -load pattem | Walls - resuts | Wall - reinforcement | Wall - note f
U U " SSISSESESERSIIEEs ~
] ﬂ; ii4 g 0 5_:_:‘ == :EE = ﬂ
RIGHT S5 2 = =
Type C | Name | — === :EE H -y
B [ Stories 52 S3siEss . &
- Standard Level | . d S22 S3ESIES
Level +0.00 L o =53 SIE33sS ﬁj
- = 3= SSEEEES H
ﬂ-:lv ‘L_, i SR g
. v = SSIRES v 1?‘,3
< > < e
z , | EE R
Structure el ts [ Drawings [ A n| & frZi
ructure elemen ranngs o Ba 1 O] General Detsiled Summary table | Wire fabrics - general | Wire fabrics - detailed
i Vawe [ unt | A Type ‘hurizurrtal-mam - — - Steel [ Diameter [ ﬁ
Steel | Grade 420 (Defomed) = Yo Grade (mm) | Number| - (m) {m) {m) (m) {m} i
— | Reinforcement paramcters 1 1 |xdifferent values Grade 420 |16 158 S
| Diameter ‘16 2 2 |Edge transversal Grade 420 |16 126|B=062 [c=130 |D=062 [E=130
. o 3 |Pins Grade 420 16 378|B =062
T F ers 4 4 |Pins Grade 420 (16 126(B=1.30
3' Shape —_— S c
r{ Shape code
+ [ Left end
-/ Hooke 0.0 < >
v |- Hooklength | 0.00
v I-| Position X 076
[P T 2|
Wall - reinforcement
Code metric | Regulation: ACI318_2011 3 CONCR. 4 F1 Grade 420 (Deforn = Grade 420 (Deforn @ Results: available x=000y=000z=000 (m)
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7‘ Autodesk Robot Structural Analysis Professional 2017 - Project: Structure - Results (FEM): available uType a keyword or phrase k@ E zi g Sign In - (7 -‘ - X
File Edit View Geometry Loads Analysis Results Design ‘ Tools Add-Ins Window Help  Community — 3 X

‘N SR & X BN &y £ Steel Members Design ...

Steel Members Design - Options

L ? a /m
A | vl —_— | ! ~ ‘ ? E P Steel Connections Design ... D @ G BOOE e
Object Inspector - P Timber Members Design ... st =
HTETER @ € Timber Members Design - Options » ekt 1
v
Obijects Number of Required Reinforcement of RC Beams/Columns ... Objects n
B~ Objects of @ model Required Reinforcement of Beams/Columns - Options »

= Panels 173 Required Reinforcement of RC Slabs/Walls ... rOoEs é‘

A Nodes 0/1059

Required Reinforcement of Slabs/Walls - Options ’

Geometry /i Groups |

Name [ Vale [ Unit | A
List of panels 1
E)[General
[Mame | | |
Structure @... Pane

Meshing type Coons
Mesh freeze N
Trapezoidal Analyzd]

Calculation Shel
Elaenmetry
[Contour defi..] | |
[Area Y
=Panels E) Z=000m-Base |a]|* View
| P 7)< (D= = 5 = [ 1 > [

View

<

Imports selected RC elements to reinforcement modules

‘ z 4 Autodesk Robot Structural Analysis Professional 2017 - Project: Structure - Level: Level +-0.00 - Results: none uType a keyword or phrase
File  Edit View RCElement  Analysis  Results  Reinforcement  Tools  Add-Ins  Window Help Community
EHdESvREBXYEHE Q& 8P QS5 i 4 P |
£2 Slab - Reinforcement Maps : Platel - [-]Ax Main (mm2/m) ¥ Plate and Shell Reinforcement - C X L
X Y- X+ Y+ A, Bending Reinforcement maps 1 2I3
T L 1 L L L L 1 T Results for a rectangle mesh
-20.0 00
0P Required reinforcement At d‘j
— Provided reinforcement Ar
B el As = Ar - At %
|- o o FE results
o o
@ For required reinforcement
B bl For provided reinforcement after verification
B 7 Max Min
Color | 1 m2im)| (mm2/m)|
B a 3703 3575
=3 gy 3575 3250
- o 8 - | oo |
- o 3250 2925
| i 2925 2600
2600 2275
= B = 2275 1950
1950 1625
B - 1625 1300
1300 975
B &l 975 650
o IS 650 325
o 8
8 S 325 0
" Display Grid parameters
B s it e - MMesh Grid step
y 4 i )
E vEioedrEitiiid f i {iia A Maps
A £ s 3 S35 e - Values .
HACMel (mm2/n) Desaiption e
- i
L(XZALQ?'U 1 1 1 1 1?'0 1 1 1 1 OP 1 1 1 o S ; 1 Il 1 2q,n L 1 1 1 3’}" ¥, Reinforcement direction
< 2 Zone name OReguior
Zone desaiption Considering characteristic points ~
Slab - Reirforcement Maps ¢ s @ ofaiab geometry
It x=2454y=-5542=000 (m)

Tv/-v/a

TP
| B v & & am A
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poTiT

= A
rpum & % A

&

= -y Autodesk Robot Structural Analysis Professional 2017 - Project: Structure - Level: Level £-0.00 - Results: available NTypea keyword or phrase — x
File Edit View RC Element Analysis Results Reinforcement Tools Add-Ins  Window Help  Community — @ Xx
T = o - -
EFHdSR@GXYah BAQY LR P @ =5 ciwm 14 )|
RC Component Inspector |+ = A R_
— — - o
@ 4 vE O =5
| Fropy 11 /
Type C | Name !
2 H Stories [[j
i Standard Level
- Level +0.00 — %
B Level £0.00 =
&
v
d b 2
< > 5 B =|
Structure el Drawings /| o L— Ol | General | Detailed | Summary table | Wire fabrics - general | Wire fabrics - detailed
Name Vae [ Unit [ A Type ] Steel | Diameter ~
Steel | (Deformed) No. Reinforcement Type Grad (mm}) Number]| {m}) {m}) {m}) {m}) {m}
— | Reinforcement parameters 422 | 422 |top in the X direction 16.0 2z
: {Diameter [60 423 | 423 [=different values 6.0 4
H 424 | 424 |<different value= 16.0 4
- Shape parameters 425 | 425 [top in the X direction 160 H
H 426 | 426 |top in the X direction 16.0 1
i 427 | 427 |top in the X direction 16.0 2
I R 428 | 428 [=different value= 160 4
: 429 | 428 |<different value= 16.0 4
r 430 | 430 |top in the X direction 16.0 2
| Shape code 431_| 431 [top in the X direction 16.0 z
7 | Left end 432 | 432 |=different value> 16.0 4
++{ Hook 00 433 | 433 [<different value> 16.0 4
ok g 000 = 34 |<different value> 16.0 96
hs i 435 | 435 [top in the X direction 16.0 1 v
\Vi 1-| Posttion X < >
[P 7|2 -
Slab - Reinforcement Table || Slab - Reinforcement
Code: ACI 318-11 metric| Regulation: ACI318_2011 & CONCRS < (Deformed) HE (Deformed) @ Results: available x=549y=-1067z=0.00 [m)

Slab: Platel - Panel no. 1

1.1. Reinforcement:

- DU dlaal) 45 i)

e Type : Reinforcement_type_1

¢ Main reinforcement direction 1 0°

e Main reinforcement grade . ; Characteristic strength = 420.0 MPa

e Bar diameters bottom d1=16 (mm) d2=16(mm)
top dl1 =16 (mm) d2=16 (mm)

o Cover bottom ¢1=50(mm) c¢l1'=0(mm)
top c2=50(mm) c2'=0(mm)

1.2. Concrete

Class
Density

1.3. Hypothesis

Calculation type
compression/tension

1.4. Slab geometry

: CONCR_5; Characteristic strength = 34.50 MPa
: 2407.31 (kG/m3)

Calculations according to
Method of reinforcement area calculations
Verification of punching

: ACI 318-11 metric
: analytical

: no

: bending +
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Thickness 0.90 (m)

Contour:
edge

O©CoO~NOOOUTA,WNE

beginning

x1 yl
479 -26.78
6.20 -26.78
7.60 -26.66
8.98 -26.41
10.34 -26.05
11.66 -25.57
12.94 -24.97
1416 -24.27
15.31 -23.46
16.39 -22.56
17.38 -21.56
18.29 -20.48
19.09 -19.33
19.80 -18.11
20.39 -16.84
20.87 -15.52
21.24 -14.16
21.48 -12.77
21.60 -11.37
21.60 -9.97
21.48 -8.56
21.24 -7.18
20.87 -5.82
20.39 -4.50
19.80 -3.22
19.09 -2.01
18.29 -0.85
17.38 0.22
16.39 1.22
1531 2.12
14.16 2.93
12.94 3.63
11.66 4.23
10.34 4.71
8.98 5.07
7.60 5.32
6.20 5.44
479 5.44
3.39 532
200 5.07
064 471
-0.68 4.23
-1.95 3.63
-3.17 2.93
-4.32 212
-5.40 1.22
-6.39 0.22
-7.30 -0.85
-8.11 -2.01
-8.81 -3.22
-9.40 -4.50
-9.88 -5.82
-10.25 -7.18
-10.49 -8.56

end
X2
6.20
7.60
8.98
10.34
11.66
12.94
14.16
15.31
16.39
17.38
18.29
19.09
19.80
20.39
20.87
21.24
21.48
21.60
21.60
21.48
21.24
20.87
20.39
19.80
19.09
18.29
17.38
16.39
15.31
14.16
12.94
11.66
10.34
8.98
7.60
6.20
4.79
3.39
2.00
0.64
-0.68
-1.95
-3.17
-4.32
-5.40
-6.39
-7.30
-8.11
-8.81
-9.40
-9.88
-10.25
-10.49
-10.62

y2
-26.78
-26.66
-26.41
-26.05
-25.57
-24.97
-24.27
-23.46
-22.56
-21.56
-20.48
-19.33
-18.11
-16.84
-15.52
-14.16
-12.77
-11.37
-9.97
-8.56
-7.18
-5.82
-4.50
-3.22
-2.01
-0.85
0.22
1.22
2.12
2.93
3.63
4.23
471
5.07
5.32
5.44
5.44
5.32
5.07
4.71
4.23
3.63
2.93
2.12
1.22
0.22
-0.85
-2.01
-3.22
-4.50
-5.82
-7.18
-8.56
-9.97

length
(m)
141
141
141
1.41
1.41
1.41
1.41
1.41
1.41
141
141
141
141
141
141
1.41
1.41
141
1.41
141
141
141
141
141
141
141
1.41
1.41
1.41
1.41
1.41
1.41
141
141
141
141
141
1.41
1.41
1.41
1.41
1.41
1.41
141
141
141
141
141
141
1.41
1.41
1.41
1.41
1.41
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55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72

Support:
no

*O O OO

-10.62
-10.62
-10.49
-10.25
-0.88
-9.40
-8.81
-8.11
-7.30
-6.39
-5.40
-4.32
-3.17
-1.95
-0.68
0.64
2.00
3.39

Name

linear
linear
linear
linear

- head present

1.5. Calculation results:

-9.97

-11.37
-12.77
-14.16
-15.52
-16.84
-18.11
-19.33
-20.48
-21.56
-22.56
-23.46
-24.27
-24.97
-25.57
-26.05
-26.41
-26.66

-10.62
-10.49
-10.25
-0.88
-9.40
-8.81
-8.11
-7.30
-6.39
-5.40
-4.32
-3.17
-1.95
-0.68
0.64
2.00
3.39
4.79

dimensions

(m)

-11.37
-12.77
-14.16
-15.52
-16.84
-18.11
-19.33
-20.48
-21.56
-22.56
-23.46
-24.27
-24.97
-25.57
-26.05
-26.41
-26.66
-26.78

coordinates
X

8.76  -0.46
-4.72  -7.40
15,71 -13.94
222 -20.88

1.41
1.41
1.41
1.41
1.41
1.41
1.41
1.41
1.41
1.41
1.41
1.41
1.41
1.41
1.41
1.41
1.41
1.41

1.5.1. Maximum moments + reinforcement for bending, compression/tension

Provided reinforcement (mm2/m):

AX(+)
Ay(-)

1676
4021

Modified required reinforcement (mm2/m):

1620
3076

Original required reinforcement (mm2/m):

Coordinates (m):

0.00;-0.00

1620
3076

5.73;-2.55

AX(-)

5027
3703
2868

14.65;-18.42

Ay(+)

1828
1676
1676

0.65;-12.24

1.5.2. Maximum moments + reinforcement for bending, compression/tension

AX(+)
Ay ()

Symbol: required area/provided area

AX(+) (mm2/m)
AX(-) (mm2/m)
Ay(+) (mm2/m)

Ay(-) (mm2/m)

1620/1676
74/1676
1620/2513
2224/2513
112/1828
0/457
1705/2011
3076/4021

SLS

AX(-)

0/1676
3703/5027
0/1828

2718/4021

Ay(+)

309/1676
1620/2513
1676/1828

1620/2011
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Mxx (KN*m/m) 224 -535.11 -34.42

373.70

Myy (KN*m/m) -45.25 -401.06 2.45

604.76

Mxy (KN*m/m) 8.11 89.72 -5.73
87.50

Nxx (kN/m) 179.44 53.14 179.39
131.82

Nyy (kN/m) 174.62 122.74 182.50
11.72

Nxy (KN/m) 4.63 48.17 -0.21
55.99
ULS

Mxx (KN*m/m) 2.76 -642.90 -41.64

448.44

Myy (KN*m/m) -54.30 -481.83 3.01

725.71

Mxy (KN*m/m) 9.91 108.24 -6.88
105.01

Nxx (KN/m) 215.50 63.77 215.27
158.79

Nyy (kN/m) 209.66 147.29 219.84
14.06

Nxy (kN/m) 6.35 57.81 0.26
67.18

Coordinates (m) 5.73;-2.55 14.65;-18.42 0.65;-12.24

0.00;-0.00

Coordinates* (m) -7.11;3.93;0.00 11.09;4.59;0.00 -0.82;-5.03;0.00

12.00;0.00;0.00
* - Coordinates in the structure global coordinate system

2. Loads:
Case Type List Value
1 self-weight 1 8tol5 PZ Negative
2 (FE) hydrostatic pressure 12to15
GAMMA=1000.00(kG/m3) H=15.00(m) NDIR=-Z
3 (FE) uniform 1214 15 PX=0.30(kN/m2)
PY=0.30(kN/m2)
4 (FE) uniform 8toll PZ=-160.00(kN/m2)
Combination/Component Definition

3. Results - detailing

List of solutions:
Reinforcement: bars

Solution no. Reinforcement range Total weight
Diameter / Weight (kG)
1 - 52643.10

Results for the solution no. 1
Reinforcement zones

Bottom reinforcement
Name coordinates Provided reinforcement At Ar
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x1 yl

(mm2/m)
1/1-(1/12-) AX Main -8.11  -13.47
1/2-(1/12-) Ax Main -6.39  -21.56
1/3-(1/12-) Ax Main 0.64 -24.27
1/4-(1/12-) Ax Main 3.39 -0.31
1/5-(1/12-) Ax Main 12.30  -12.07
1/6-(1/12-) Ax Main 12.30  -5.16
1/7-(1/12-) Ax Main 13.55  -19.33
1/8-(1/12-) Ax Main 1531  -8.56
1/9-(1/12-) Ax Main 15.85  -14.16
1/10-(1/12-) AX Main 1585 -5.16
1/11-(1/12-) AX Main  16.39  -15.52
1/12- Ax Main -10.62  -26.78
1/13-(1/25-) Ay Perpendicular -6.39
50 2583 <
1/14-(1/25-) Ay Perpendicular -5.40
50 3076 <
1/15-(1/25-) Ay Perpendicular -3.17
50 2966 <
1/16-(1/25-) Ay Perpendicular -1.31
50 3076 <
1/17-(1/25-) Ay Perpendicular -0.68
50 3076 <
1/18-(1/25-) Ay Perpendicular 0.64
50 3063 <
1/19-(1/25-) Ay Perpendicular 1.32
50 2966 <
1/20-(1/25-) Ay Perpendicular 4.09
50 2850 <
1/21-(1/25-) Ay Perpendicular 9.66
50 2988 <
1/22-(1/25-) Ay Perpendicular 11.66
50 2850 <
1/23-(1/25-) Ay Perpendicular 12.94
50 2783 <
1/24-(1/25-) Ay Perpendicular 15.31
50 3073 <
1/25- Ay Perpendicular -10.62  -26.78

Top reinforcement
Name coordinates
x1 yl
(mm2/m)

1/1+(1/47+) Ax Main -486  -9.97
1/2+(1/47+) Ax Main  1.32 -24.27
1/3+(1/47+) Ax Main  5.49 -18.11
1/4+(1/47+) Ax Main  8.29 -23.46
1/5+(1/47+) Ax Main 1230 -2.01
1/6+(1/47+) Ax Main 1355  -10.67
1/7+(1/47+) Ax Main 1531  -11.37
1/8+(1/47+) Ax Main  -8.11  -20.48
1/9+(1/47+) Ax Main  -7.30  -21.56
1/10+(1/47+) Ax Main -6.39  -7.87
1/11+(1/47+) Ax Main -256  -2.01
1/12+(1/47+) Ax Main -1.31  -22.56
1/13+(1/47+) Ax Main 1.32 -25.57
1/14+(1/47+) Ax Main 1531  -16.18
1/15+(1/47+) Ax Main -10.62 -16.84
1/16+(1/47+) Ax Main -9.40  -18.11

X2 y2
(mm2/m)
-4.86  -3.22
-0.68  -14.84
12.30  -20.48
6.20 2.93
19.09  -8.56
15.85  -0.85
16.39  -14.16
18.29  -5.16
18.29  -12.77
18.29  -3.86
18.29  -14.16
2160 5.44
-17.48  -3.75
4021

-450  -0.68
4021

2156  1.32
4021

0.22 11.00
4021

-1.43  1.32
4021

2427  12.30
4021

-21.56  3.39
4021

-1.43  14.16
4021

-21.56  12.30
4021

-2.01  14.16
4021

-20.48 1531
4021

-15.52  19.09
4021

2160 544
x2 y2
(mm2/m)
4.79 -2.01
4.09 -21.02
16.39  -13.47
11.00  -20.48
13.55  -0.85
15.85  -3.86
2160  -10.67
1531  -7.87
-3.75  -20.48
17.38  -2.01
12.94  2.93
1531  -20.48
6.20 -22.56
18.29  -7.87
-9.40  -450
20.39  -14.84

¢ (mm)/(mm)
16.0/ 40
16.0/ 40
16.0/ 40
16.0/ 40
16.0/ 40
16.0/ 40
16.0/ 40
16.0/ 40
16.0/ 40
16.0/ 40
16.0/ 40
16.0/ 80
-11.37
0.22
-18.72
2.93

0.22
-21.56
-21.02
0.22
-20.48
-1.43
-17.48

-3.86

16.0 /100

2549
3278
2996
2797
2894
3294
3703
3353
2792
3353
2792
2224
16.0/

NNNNANNNANNNNNANNANAN

16.0/

16.0/

16.0/

16.0/

16.0/

16.0/

16.0/

16.0/

16.0/

16.0/

16.0/

1754 <

Provided reinforcement At

¢ (mm) / (mm)

16.0/120
16.0/120
16.0/120
16.0/120
16.0/120
16.0/120
16.0/120
16.0/120
16.0/120
16.0/120
16.0/120
16.0/120
16.0/120
16.0/120
16.0/120
16.0/120

1620
1620
1620
1620
1620
1620
1620
1620
38 <
1620 <
1620 <
389 <
269 <
1620 <
1620 <
18 <

ANNNNNNNNA
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5027
5027
5027
5027
5027
5027
5027
5027
5027
5027
5027
2513

2011

Ar

1676
1676
1676
1676
1676
1676
1676
1676
1676
1676
1676
1676
1676
1676
1676
1676
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1/17+(1/47+) Ax Main -9.40  -718  -811  -3.22 16.0/120 7 < 1676
1/18+(1/47+) Ax Main -881  -20.48 1531 -18.11 16.0/120 11 < 1676
1/19+(1/47+) Ax Main -881  -322  -486  -0.85 16.0/120 9 < 1676
1/20+(1/47+) Ax Main -8.11  -14.84 19.09 -7.87 16.0/120 0 < 1676
1/21+(1/47+) Ax Main -811  -650 2039 -3.22 16.0/120 6 < 1676
1/22+(1/47+) Ax Main -7.30  -0.85  -486 022 16.0/120 9 < 1676
1/23+(1/47+) Ax Main -6.39  -24.27 -0.68  -21.56 16.0/120 25 < 1676
1/24+(1/47+) Ax Main -6.39  -7.87  19.09  -6.50 16.0/120 0 < 1676
1/25+(1/47+) Ax Main -6.39  0.22 1531  2.93 16.0/120 8 < 1676
1/26+(1/47+) Ax Main -486  -322  20.39 -2.01 16.0/120 19 < 1676
1/27+(1/47+) Ax Main -486  -031 1294 0.22 16.0/120 0 < 1676
1/28+(1/47+) Ax Main -3.17  -2557 6.20 -24.27 16.0/120 0 < 1676
1/29+(1/47+) Ax Main -3.17 293 2.70 4.23 16.0/120 0 < 1676
1/30+(1/47+) Ax Main -1.31  -21.56 19.09  -20.48 16.0/120 18 < 1676
1/31+(1/47+) Ax Main -0.68  -26.78 1166  -25.57 16.0/120 0 < 1676
1/32+(1/47+) Ax Main -0.68  -22.56 19.09  -21.56 16.0/120 18 < 1676
1/33+(1/47+) Ax Main -0.68  4.23 11.66  5.44 16.0/120 0 < 1676
1/34+(1/47+) Ax Main 1.32 2427 1531  -22.56 16.0/120 359 < 1676
1/35+(1/47+) Ax Main 5.49 2.93 12.94  4.23 16.0/120 73 < 1676
1/36+(1/47+) Ax Main 8.98 2557 12.94  -24.27 16.0/120 0 < 1676
1/37+(1/47+) Ax Main 1294  -2497 1531  -24.27 16.0/120 9 < 1676
1/38+(1/47+) Ax Main 1294 -2.01  19.09 -0.85 16.0/120 360 < 1676
1/39+(1/47+) Ax Main 1294 293 1531  3.63 16.0/120 0 < 1676
1/40+(1/47+) AXx Main 1531  -23.46 16.39  -22.56 16.0/ 120 2 < 1676
1/41+(1/47+) AXx Main 1531  -0.85 16.39 212 16.0/ 120 11 < 1676
1/42+(1/47+) AXx Main 16.39  -20.48 19.09  -18.11 16.0/ 120 18 < 1676
1/43+(1/47+) Ax Main 16.39 -0.85  19.09  1.22 16.0/120 11 < 1676
1/44+(1/47+) Ax Main 19.09  -19.33 20.39  -18.11 16.0/120 9 < 1676
1/45+(1/47+) Ax Main 19.09  -14.84 2160 -9.97 16.0/120 1620 < 1676
1/46+(1/47+) Ax Main 2039 -16.84 2160 -14.84 16.0/120 18 < 1676
1/47+ Ax Main 2039 997 2160 -4.50 16.0/120 1620 < 1676
1/48+(1/103+) Ay Perpendicular -6.39  -20.48 1.32 -5.16 16.0/ 11
1/49+(1/103+) Ay Perpendicular -1.95 -5.16 1.32 -3.22 16.0/ 11
1/50+(1/103+) Ay Perpendicular 0.64 -26.78 6.20 -24.97 16.0/ 11
1/51+(1/103+) Ay Perpendicular 1.32 -20.48 5.49 -12.77 16.0/ 11
1/52+(1/103+) Ay Perpendicular 1.32 -12.77 2.00 -8.56 16.0/ 11
1/53+(1/103+) Ay Perpendicular 1.32 2.93 2.70 5.32 16.0/ 11
1/54+(1/103+) Ay Perpendicular 2.70 4.23 10.34 5.44 16.0/ 11
1/55+(1/103+) Ay Perpendicular 3.39 -4.50 12.94 2.12 16.0/ 11
1/56+(1/103+) Ay Perpendicular 4.79 -23.46 11.00 -20.48 16.0/ 11
1/57+(1/103+) Ay Perpendicular 5.49 -20.48 12.30 -18.11 16.0/ 11
1/58+(1/103+) Ay Perpendicular 6.20 -26.78 8.98 -25.57 16.0/ 11
1/59+(1/103+) Ay Perpendicular 9.66 -10.67 14.16 -4.50 16.0/ 11
1/60+(1/103+) Ay Perpendicular 11.00  -21.02 12.30 -20.48 16.0/ 11
1/61+(1/103+) Ay Perpendicular 12.94  -2.01 14.16 -1.43 16.0/ 11
1/62+(1/103+) Ay Perpendicular 1355  -18.72 15.31 -17.48 16.0/ 11
1/63+(1/103+) Ay Perpendicular 14.16  -14.84 19.09 -9.26 16.0/ 11
1/64+(1/103+) Ay Perpendicular 19.09  -13.47 19.80 -10.67 16.0/ 11
1/65+(1/103+) Ay Perpendicular -8.11  -20.48 15.31 -7.87 16.0 / 44
1/66+(1/103+) Ay Perpendicular 730 -6.50 18.29 -2.01 16.0 / 44
1/67+(1/103+) Ay Perpendicular -6.39  -7.87 19.09 -6.50 16.0 / 44
1/68+(1/103+) Ay Perpendicular 256  -2.01 12.94 2.12 16.0 / 44
1/69+(1/103+) Ay Perpendicular -0.68  -22.56 13.55 -20.48 16.0 / 44
1/70+(1/103+) Ay Perpendicular 1531  -18.11 19.09 -7.87 16.0 / 44
1/71+(1/103+) Ay Perpendicular -10.62  -16.84 -9.40 -4.50 16.0 / 44
1/72+(1/103+) Ay Perpendicular -9.40  -18.11 20.39 -14.84 16.0 / 44
1/73+(1/103+) Ay Perpendicular -9.40  -7.18 -8.11 -3.22 16.0/ 44
1/74+(1/103+) Ay Perpendicular -8.81  -20.48 15.31 -18.11 16.0/ 44
1/75+(1/103+) Ay Perpendicular -881  -3.22 -4.86 -0.85 16.0 / 44
1/76+(1/103+) Ay Perpendicular -8.11  -14.84 19.09 -7.87 16.0 / 44
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1/77+(1/103+) Ay Perpendicular
1/78+(1/103+) Ay Perpendicular
1/79+(1/103+) Ay Perpendicular
1/80+(1/103+) Ay Perpendicular
1/81+(1/103+) Ay Perpendicular
1/82+(1/103+) Ay Perpendicular
1/83+(1/103+) Ay Perpendicular
1/84+(1/103+) Ay Perpendicular
1/85+(1/103+) Ay Perpendicular
1/86+(1/103+) Ay Perpendicular
1/87+(1/103+) Ay Perpendicular
1/88+(1/103+) Ay Perpendicular
1/89+(1/103+) Ay Perpendicular
1/90+(1/103+) Ay Perpendicular
1/91+(1/103+) Ay Perpendicular
1/92+(1/103+) Ay Perpendicular
1/93+(1/103+) Ay Perpendicular
1/94+(1/103+) Ay Perpendicular
1/95+(1/103+) Ay Perpendicular
1/96+(1/103+) Ay Perpendicular
1/97+(1/103+) Ay Perpendicular
1/98+(1/103+) Ay Perpendicular
1/99+(1/103+) Ay Perpendicular

1/100+(1/103+) Ay Perpendicular
1/101+(1/103+) Ay Perpendicular
1/102+(1/103+) Ay Perpendicular

1/103+ Ay Perpendicular
440 0 < 457

4.  Material survey

Concrete volume
Formwork

Slab circumference
Area of openings

Steel

Total weight

Density

Average diameter

Survey according to diameters:

20.39

-8.11 -6.50 20.39 3.22
-7.30 -21.56 -3.75 -20.48
-7.30 -0.85 -4.86 0.22
-6.39 -24.27 -0.68 -21.56
-6.39 0.22 15.31 2.93
-4.86 -3.22 20.39 -2.01
-4.86 -0.31 12.94 0.22
-3.17 -25.57 6.20 -24.27
-3.17 2.93 2.70 4.23
-1.31 -21.56 19.09 -20.48
-0.68 -26.78 11.66 -25.57
-0.68 -22.56 19.09 -21.56
-0.68 4.23 11.66 5.44
1.32 -24.27 15.31 -22.56
5.49 2.93 12.94 4.23
8.98 -25.57 12.94 -24.27
12.94  -24.97 15.31 -24.27
1294 -2.01 19.09 -0.85
1294 293 15.31 3.63
1531  -23.46 16.39 -22.56
1531  -0.85 16.39 2.12
16.39  -20.48 19.09 -18.11
16.39  -0.85 19.09 1.22
19.09  -19.33 20.39 -18.11
19.09 -14.84 21.60 -9.97
20.39 -16.84 21.60 -14.84
-9.97 21.60 -4.50 16.0/

=734.20 (m3)

=815.78 (m2)

=101.28 (m)

=0.00 (m2)

=56942.47 (kG)
=77.56 (kG/m3)
=16.0 (mm)

CHA4

16.0 / 4
16.0 / 44
16.0 / 44
16.0 / 44
16.0 / 44
16.0 / 44
16.0 / 44
16.0 / 44
16.0 / 44
16.0 / 4
16.0 / 44
16.0 / 44
16.0 / 4
16.0 / 44
16.0 / 44
16.0 / 44
16.0 / 44
16.0 / 44
16.0 / 44
16.0 / 44
16.0 / 44
16.0/ 44
16.0/ 44
16.0/ 44
16.0/ 44
16.0/ 44

A0 il slaal) Al Bl A Bl By 3 e 24 gl (s YLl

QYM\C}L}#}M(:})Q)JM\

Tower main steel sections

L 4x4x0.25 inches

American section

Supported leg

L 7x4x0.375 inches

American section

RC Pad under tower over slab 1.7x1.7x0.5 meter f'c =21.0 MPa
RC Tie beams 0.6x0.5 meter f'c =21.0 MPa
Slab of building 200 mm f'c =21.0 MPa
RC Column of building [400x400] mm f'c = 25.0 MPa
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Self-weight

3.0 kg/m length of each bars

DL1

Wind loads

DL 2 [point loads] for high dishes | 100 kg
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1- Design of RC Pad:
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AUTODESK ROBOT ANALYSIS AND DESIGN
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2- DESIGN OF RC BEAM OVER SLAB
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3- Design of RC Column

CH4
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HP Steel Section Properties and Dimensions

Desig- nomi- Elastic Properties Plastic Modulus
nation nal | compact Section Criteria Axis X-X Axix Y-Y

";'(’:; bf h Fy" | X1 | x2x10° [ 1 [ s [ r [ I [ s | r | 2x zy

ft 2tf tw ksi ksi | (1/ksi)? | in.® | in3 | in. | in.* | in.® | in. | inB in.2

HP14x117 | 117 9.2 14.2 - 3870 659 1220 | 172 | 596 | 443 | 595 | 359 194 91.4
HP14x102 | 102 105 16.2 - 3400 1090 1050 | 150 | 592 | 380 | 51.4 | 3.56 169 78.8
HP14x89 89 11.9 185 - 2960 1840 904 | 131 | 588 | 326 | 443 | 3.53 146 67.7
HP14x73 73 14.4 22.6 - 2450 3880 729 | 107 | 584 | 261 | 358 | 3.49 118 54.6
HP12x84 84 9.0 14.2 - 3860 670 650 | 106 | 5.14 | 213 | 346 | 2.94 120 53.2
HP12x74 74 10.0 16.0 - 3440 1050 569 | 938 | 5.11 | 186 | 304 | 2.92 105 46.6
HP12x63 63 11.8 18.9 - 2940 1940 472 | 791 [ 506 | 153 | 253 | 288 | 883 38.7
HP12x53 53 13.8 22.3 - 2500 3650 393 | 668 | 503 | 127 | 211 | 286 | 74.0 32.2
HP10x57 57 9.0 13.9 - 3920 631 294 | 588 | 418 | 101 | 197 | 245 | 665 30.3
HP10x42 42 12.0 18.9 - 2920 1970 210 | 434 [ 413 | 707 | 142 [ 241 | 483 21.8
HP8x36 36 9.2 14.2 - 3840 685 119 | 298 | 336 | 403 | 9588 | 1.95 | 336 15.2

**x%* **k%* **k%* **%* **k*k **%* **k*k **k%*k **%* **k%k **%* **%* **k%* **k%*




HP Steel Section Properties and Dimensions

Desig- Area Depth Web Flange Distance
nation Thickness | tw | Width | Thickness
A d tw 2 bf tf T | kK | k1
in.2 | in. | in. in. in. in. | in. | in. in. in. in. | in. | in.
HP14x117 | 34.4 | 14.21 | 14Y4 | 0.805 | 116 | ‘116 | 14.885 | 14'/s | 0.805 | Y16 | 11%a | 1'2 | 1Y16
HP14x102 | 30.0 | 14.01 | 14 | 0705 | "6 | 8 | 14.785 | 14%4 | 0.705 | /16 | 11%4 | 1%s 1
HP14x89 | 26.1 | 13.83 | 13'/s | 0.615 | °/8 | /16 | 14.695 | 14%1 | 0.615 | 8 | 11%a | 1% | /16
HP14x73 | 214 | 1361 | 138 | 0505 | Y2 | Y4 | 14585 | 14% | 0505 | Y2 | 11Y%a | 1% | 'Is
HP12x84 | 24.6 | 12.28 | 12Y4 | 0.685 | "6 | /s | 12.295 | 12%4 | 0.685 | Y16 | 9'2 | 1%8 1
HP12x74 | 21.8 | 12.13 | 12'/8 | 0.605 | °/8 | /16 | 12.215 | 12%s | 0.610 | °/8 | 9% | 1% | /16
HP12x63 184 | 1194 | 12 | 0515 | 2 Y4 | 12125 | 12% | 0515 | 2 o2 | 1Y% “Is
HP12x53 155 | 11.78 | 11%4 | 0435 | 16 | Ya | 12.045 | 12 | 0435 | ‘16 | 92 | 1's “Is
HP10x57 | 16.8 | 9.99 10 | 0565 | %16 | °/16 | 10.225 | 10%4 | 0565 | %6 | 7% | 1%16 | /16
HP10x42 124 | 970 | 9% | 0415 | 76 | s | 10.075 | 10Y8 | 0420 | ‘16 | Tl | 1'16 | ¥a
HP8x36 10.6 | 8.02 8 0445 | e | Ya | 8155 | 8% | 0445 | ‘e | 6'8 | /e | I8
***x **k*x ***x **k* **k%* **k%* **k%* *** *** **k%* **k%* *** ***




W Steel Section Properties And Dimensions

nomi- Elastic Properties Plastic Modulus
Desig- nal | Compact Section Criteria Axis X-X AXix Y-Y
. Wt. o 6
nation per bf h Fy X1 | X2x10 | S r | S r ZX Zy
ft 2tf tw Ksi Ksi 1/ksi)®> | in® [ in® | in. | in?® [ in® ] in in in.

W44x335 | 335 [ 45 | 38.1 | 44 2430 5110 | 31100 | 1410 | 17.8 | 1200 | 150 349 | 1620 | 236
W44x290 | 290 [ 5.0 | 447 | 32 2140 8220 | 27100 | 1240 | 17.8 | 1050 | 133 3.50 | 1420 | 206
WA44x262 | 262 | 55 | 49.2 | 26 1930 | 12300 | 24200 | 1120 | 17.7 | 927 118 3.46 | 1270 | 183
W44x230 | 230 [ 65 | 54.8 | 21 1690 | 21200 | 20800 | 969 | 17.5 | 796 101 3.43 | 1100 | 157

WA40x593 | 593 | 2.6 | 19.1 - 4790 337 50400 | 2340 | 17.0 | 2520 | 302 3.81 | 2760 | 481
WA40x503 | 503 | 3.0 | 22.2 - 4110 620 41700 | 1980 | 16.8 | 2050 | 250 3.72 | 2300 | 394
W40x431 | 431 | 3.4 | 255 - 3550 1100 | 34800 | 1690 | 16.6 | 1690 | 208 3.65 | 1950 | 327
WA40x372 | 372 | 3.9 | 29.5 - 3100 1860 | 29600 | 1460 | 16.4 | 1420 | 177 3.60 | 1670 | 277
W40x321 | 321 | 45 | 34.2 - 2690 3240 | 25100 | 1250 | 16.3 | 1190 | 150 3.56 | 1420 | 234

WA40x297 | 297 | 4.8 | 36.8 | 47 2500 4240 | 23200 | 1170 | 16.3 | 1090 | 138 3.54 | 1330 | 215
WA40x277 | 277 | 5.0 | 41.2 | 38 2350 5370 | 21900 | 1100 | 16.4 | 1040 | 132 3.58 [ 1250 | 204
WA40x249 | 249 | 55 | 456 | 31 2120 7940 | 19500 | 992 | 16.3 | 926 118 3.56 | 1120 | 182
W40x215 | 215 [ 65 | 52.6 | 23 1830 | 14000 | 16700 | 858 | 16.2 | 796 101 3.54 963 156
W40x199 | 199 | 74 | 526 | 23 1690 | 20300 | 14900 | 769 | 16.0 | 695 | 88.2 | 3.45 868 137
WA40x174 | 174 | 95 | 52.6 | 23 1500 | 36000 | 12200 | 639 | 155 [ 541 | 68.8 | 3.26 715 107

WA40x466 | 466 | 2.1 | 20.5 - 4560 473 36300 | 1710 | 16.3 | 1010 | 160 2.72 | 2050 | 262
WA40x392 | 392 | 25 | 24.1 - 3920 851 29900 | 1440 | 16.1 | 803 130 2.64 | 1710 | 212
W40x331 | 331 [ 29 | 28.0 - 3360 1560 | 24700 | 1210 | 159 | 646 106 2.57 | 1430 | 172

W40x278 | 278 | 3.3 | 335 | 57 2860 2910 | 20500 | 1020 | 15.8 | 521 | 87.1 | 2.52 | 1190 | 140
\WA40x264 | 264 | 3.4 | 356 [ 50 2720 3510 | 19400 | 971 | 158 | 493 | 826 | 252 | 1130 | 132
W40x235 | 235 | 3.8 | 41.2 | 38 2430 5310 | 17400 | 874 | 159 | 444 | 746 | 2.54 | 1010 | 118
WA40x211 | 211 | 42 | 456 | 31 2200 7890 | 15500 | 785 | 158 | 390 | 66.1 | 251 905 105




W Steel Section Properties And Dimensions

W40x183 | 183 | 4.8 | 52.6 | 23 1900 | 13700 | 13300 | 682 | 15.7 [ 336 | 56.9 | 2.50 781 | 89.6
W40x167 | 167 | 5.8 | 52.6 | 23 1750 | 20500 | 11600 | 599 | 153 [ 283 | 47.9 | 2.40 692 | 76.0
WA40x149 | 149 [ 7.1 | 543 | 22 1610 | 31400 | 9780 512 | 149 | 229 | 38.8 | 2.29 597 | 62.2
\W36x848 | 848 | 2.0 | 12.5 - 7100 71 67400 | 3170 | 16.4 | 4550 | 501 4.27 | 3830 | 799
W36x798 | 798 [ 2.1 | 13.2 - 6720 87 62600 | 2980 | 16.4 | 4200 | 467 424 | 3570 | 743
W36x650 | 650 | 2.5 | 16.0 - 5590 175 48900 | 2420 | 16.0 | 3230 | 367 412 | 2840 | 580
W36x527 | 527 | 3.0 | 19.6 - 4630 365 38300 | 1950 | 15.8 | 2490 | 289 4.02 | 2270 | 454
W36x439 | 439 [ 35 | 23.1 - 3900 704 31000 | 1620 | 15.6 | 1990 | 235 3.95 | 1860 | 367
W36x393 | 393 | 3.8 | 25.8 - 3540 1040 | 27500 | 1450 | 15.5 | 1750 | 208 3.90 [ 1660 | 325
W36x359 | 359 | 4.2 [ 28.1 - 3240 1470 | 24800 | 1320 | 154 | 1570 | 188 3.87 | 1510 | 292
W36x328 | 328 [ 45 | 30.9 - 2980 2040 | 22500 | 1210 | 15.3 | 1420 | 171 3.84 | 1380 | 265
W36x300 | 300 [ 5.0 | 33.3 | 58 2720 2930 | 20300 | 1110 | 15.2 | 1300 | 156 3.83 | 1260 | 241
W36x280 | 280 | 5.3 | 356 [ 51 2560 3730 | 18900 | 1030 | 15.1 | 1200 | 144 3.81 | 1170 | 223
W36x260 | 260 [ 5.7 | 375 | 46 2370 5100 | 17300 | 953 | 15.0 | 1090 | 132 3.78 | 1080 | 204
W36x245 | 245 | 6.1 | 394 | 41 2230 6430 | 16100 | 895 | 15.0 | 1010 | 123 3.75 | 1010 | 190
W36x230 | 230 | 6.5 | 414 | 37 2100 8190 | 15000 | 837 | 14.9 | 940 114 3.73 943 176
W36x256 | 256 [ 35 | 33.8 | 56 2840 2870 | 16800 [ 895 | 149 | 528 | 86.5 | 2.65 | 1040 | 137
W36x232 | 232 | 3.9 | 373 | 46 2580 4160 | 15000 | 809 | 14.8 | 468 | 77.2 | 2.62 936 122
W36x210 | 210 [ 45 | 39.1 | 42 2320 6560 | 13200 | 719 | 146 | 411 | 675 | 2.58 833 107
W36x194 | 194 | 48 | 424 | 36 2140 8850 | 12100 | 664 | 146 | 375 | 619 | 2.56 767 | 97.7
W36x182 | 182 | 51 | 448 [ 32 2020 | 11300 | 11300 | 623 | 145 | 347 | 57.6 | 2.55 718 | 90.7
W36x170 | 170 [ 55 | 47.8 | 28 1900 | 14500 | 10500 | 580 | 14,5 [ 320 | 53.2 | 2.53 668 | 83.8
W36x160 | 160 [ 5.9 | 50.0 | 26 1780 | 18600 | 9750 542 | 144 | 295 | 49.1 | 2.50 624 | 77.3
W36x150 | 150 | 64 | 52.0 [ 24 1680 | 24200 | 9040 504 | 143 | 270 | 451 | 2.47 581 | 70.9
W36x135 | 135 [ 7.6 | 54.1 | 22 1520 | 38000 | 7800 439 | 140 | 225 | 37.7 | 2.38 509 | 59.7
\W33x354 | 354 | 3.8 | 258 - 3540 1030 | 21900 | 1230 | 14.5 | 1460 | 181 3.74 | 1420 | 282




W Steel Section Properties And Dimensions

W33x318 | 318 | 4.2 | 28.8 - 3200 1530 | 19500 | 1110 | 14.4 | 1290 | 161 3.71 | 1270 | 250
W33x291 | 291 | 4.6 | 31.2 - 2940 2130 | 17700 | 1010 | 14.4 | 1160 | 146 3.69 [ 1150 | 226
W33x263 | 263 [ 5.0 | 345 | 54 2670 3100 | 15800 | 917 | 14.3 | 1030 | 131 3.66 | 1040 | 202
W33x241 | 241 | 5.7 | 36.1 [ 49 2430 4590 | 14200 | 829 ([ 14.1 | 932 118 3.63 939 182
W33x221 | 221 | 6.2 | 38.7 [ 43 2240 6440 | 12800 | 757 | 14.1 | 840 106 3.59 855 164
W33x201 | 201 | 6.8 | 419 | 36 2040 9390 | 11500 [ 684 | 14.0 | 749 | 95.2 | 3.56 772 147
W33x169 | 169 | 4.7 | 447 | 32 2160 8150 9290 549 | 13.7 [ 310 | 53.9 | 2.50 629 | 84.4
Wa33x152 | 152 [ 55 | 47.2 | 29 1940 | 12900 | 8160 487 | 135 | 273 | 47.2 | 2.47 559 | 73.9
W33x141 | 141 | 6.0 | 49.6 | 26 1800 | 17800 | 7450 448 | 134 | 246 | 42.7 | 2.43 514 | 66.9
W33x130 | 130 | 6.7 | 51.7 | 24 1660 | 25100 | 6710 406 | 132 | 218 | 379 | 2.39 467 | 59.5
W33x118 | 118 | 7.8 | 545 | 22 1510 | 37700 | 5900 359 | 13.0 | 187 | 32.6 | 2.32 415 | 51.3
W30x477 | 477 | 2.7 | 16.6 - 5420 193 26100 | 1530 | 13.7 | 1970 | 249 3.75 [ 1790 | 390
W30x391 | 391 [ 3.2 | 19.9 - 4510 386 20700 | 1250 | 13.5 | 1550 | 198 3.68 | 1430 | 310
W30x326 | 326 | 3.7 | 23.7 - 3860 735 16800 | 1030 | 13.2 | 1240 | 162 3.61 | 1190 | 252
W30x292 | 292 | 41 | 26.5 - 3460 1110 | 14900 | 928 | 13.2 | 1100 | 144 3.58 [ 1060 | 223
W30x261 | 261 | 4.6 | 29.0 - 3110 1690 | 13100 | 827 | 13.1 | 959 127 3.54 941 196
W30x235 | 235 [ 5.0 | 325 | 61 2820 2460 | 11700 | 746 | 13.0 | 855 114 3.52 845 175
W30x211 | 211 | 5.7 | 349 [ 53 2510 3950 | 10300 | 663 | 12.9 | 757 100 3.49 749 154
W30x191 | 191 [ 6.3 | 38.0 | 44 2280 5840 9170 598 | 128 | 673 | 89.5 | 3.46 673 138
W30x173 | 173 | 7.0 | 41.2 | 38 2070 8540 8200 539 | 12.7 | 598 | 79.8 | 3.43 605 123
W30x148 | 148 | 4.4 | 415 | 37 2310 6180 6680 436 | 124 | 227 | 433 | 2.28 500 | 68.0
W30x132 | 132 [ 53 | 439 | 33 2050 | 10500 | 5770 380 | 122 | 196 | 37.2 | 2.25 437 | 584
W30x124 | 124 | 5.7 | 46.2 [ 30 1930 | 13500 | 5360 355 | 12.1 | 181 | 344 | 2.23 408 | 54.0
W30x116 | 116 | 6.2 | 47.8 | 28 1800 | 17700 | 4930 329 | 120 | 164 | 31.3 | 2.19 378 | 49.2
W30x108 | 108 [ 6.9 | 49.6 | 26 1680 | 24200 | 4470 299 | 119 | 146 | 279 | 2.15 346 | 43.9

W30x99 99 78 | 519 | 24 1560 | 34100 | 3990 269 | 11.7 | 128 | 245 | 2.10 312 | 38.6




W Steel Section Properties And Dimensions

W30x90 90 85 | 575 | 19 1430 | 47000 | 3620 245 | 11.7 | 115 | 221 | 2.09 283 | 34.7
W27x539 | 539 [ 2.2 | 12.3 - 7160 66 25500 | 1570 | 12.7 | 2110 | 277 3.66 | 1880 | 437
W27x448 | 448 | 2.5 | 14.7 - 6070 123 20400 | 1300 | 12.5 | 1670 | 224 3.57 | 1530 | 351
W27x368 | 368 | 3.0 | 17.6 - 5100 243 16100 | 1060 | 12.2 | 1310 | 179 3.48 | 1240 | 279
W27x307 | 307 [ 3.5 | 20.9 - 4320 463 13100 | 884 | 12.0 | 1050 | 146 3.42 | 1020 | 227
W27x258 | 258 | 4.0 | 24.7 - 3670 873 10800 | 742 | 119 | 859 120 3.37 850 187
W27x235 | 235 | 44 | 26.6 - 3360 1230 9660 674 | 11.8 | 768 108 3.33 769 168
W27x217 | 217 | 4.7 | 29.2 - 3120 1640 8870 624 | 11.8 | 704 | 99.8 | 3.32 708 154
W27x194 | 194 | 52 | 323 | 61 2800 2520 7820 556 | 11.7 [ 618 | 88.1 | 3.29 628 136
W27x178 | 178 | 5.9 | 33.4 [ 57 2550 3740 6990 502 | 116 [ 555 | 78.8 | 3.26 567 122
W27x161 | 161 [ 6.5 | 36.7 | 47 2320 5370 6280 455 | 115 | 497 [ 709 | 3.24 512 109
W27x146 | 146 | 7.2 | 40.0 | 40 2110 7900 5630 411 | 114 | 443 | 635 | 3.21 461 | 975
W27x129 | 129 | 45 | 39.7 | 41 2390 5340 4760 345 | 11.2 | 184 | 36.8 | 2.21 395 | 57.6
W27x114 | 114 | 54 | 425 | 35 2100 9220 4090 299 | 11.0 | 159 | 315 | 2.18 343 | 49.3
W27x102 | 102 | 6.0 | 47.0 [ 29 1890 | 14000 | 3620 267 | 11.0 | 139 | 27.8 | 2.15 305 | 434

W27x94 94 6.7 | 494 | 26 1740 | 19900 | 3270 243 | 109 | 124 | 248 | 2.12 278 | 38.8

W27x84 84 78 | 527 | 23 1570 | 31100 | 2850 213 | 10.7 | 106 | 21.2 | 2.07 244 | 33.2
W24x492 | 492 | 2.0 | 10.9 - 7950 43 19100 | 1290 | 11.5 | 1670 | 237 3.41 | 1550 | 375
W24x408 | 408 [ 2.3 | 13.1 - 6780 79 15100 | 1060 | 11.3 | 1320 | 191 3.33 | 1250 | 300
W24x335 | 335 | 2.7 | 156 - 5700 156 11900 | 864 | 11.0 | 1030 | 152 3.23 | 1020 | 238
W24x279 | 279 | 3.2 | 18.6 - 4840 297 9600 718 | 10.8 | 823 124 3.17 835 193
W24x250 | 250 [ 3.5 | 20.7 - 4370 436 8490 644 | 10.7 | 724 110 3.14 744 171
W24x229 | 229 | 3.8 | 225 - 4020 605 7650 588 | 10.7 [ 651 | 994 | 3.11 676 154
W24x207 | 207 | 4.1 | 24.8 - 3650 876 6820 531 | 106 | 578 | 88.8 | 3.08 606 137
W24x192 | 192 | 4.4 | 26.6 - 3410 1150 6260 491 | 105 | 530 | 81.8 | 3.07 559 126
W24x176 | 176 | 4.8 | 28.7 - 3140 1590 5680 450 | 105 | 479 | 743 | 3.04 511 115




W Steel Section Properties And Dimensions

W24x162 | 162 | 5.3 | 30.6 - 2870 2260 5170 414 | 104 | 443 | 68.4 | 3.05 468 105
W24x146 | 146 | 5.9 | 33.2 [ 58 2590 3420 4580 371 | 103 [ 391 | 60.5 | 3.01 418 | 93.2
W24x131 | 131 | 6.7 | 356 | 50 2330 5290 4020 329 | 10.2 | 340 | 53.0 | 2.97 370 | 815
W24x117 | 117 | 7.5 | 39.2 | 42 2090 8190 3540 291 | 10.1 | 297 | 465 | 294 327 | 714
W24x104 | 104 | 85 | 43.1 [ 34 1860 | 12900 | 3100 258 | 10.1 [ 259 | 40.7 | 291 289 | 62.4
W24x103 | 103 | 4.6 | 39.2 | 42 2400 5280 3000 245 1 996 [ 119 | 26,5 | 1.99 280 | 415
W24x94 94 52 | 419 | 37 2180 7800 2700 222 | 987 [ 109 | 240 | 1.98 254 | 375
W24x84 84 59 | 459 | 30 1950 | 12200 | 2370 196 | 9.79 | 944 | 209 | 1.95 224 | 32.6
W24x76 76 6.6 | 49.0 | 27 1760 | 18600 | 2100 176 [ 9.69 | 825 | 184 | 1.92 200 | 28.6
W24x68 68 7.7 | 52.0 | 24 1590 | 29000 | 1830 154 [ 955 | 704 | 157 | 1.87 177 | 245
W24x62 62 6.0 | 50.1 | 25 1700 | 25100 | 1550 131 | 9.23 | 345 | 9.80 | 1.38 153 | 15.7
W24x55 55 69 | 546 | 21 1540 | 39600 | 1350 114 | 911 | 29.1 | 830 | 1.34 134 | 13.3
W21x201 | 201 [ 3.9 | 20.6 - 4290 453 5310 461 | 9.47 | 542 | 86.1 | 3.02 530 133
W21x182 | 182 | 4.2 | 22.6 - 3910 649 4730 417 | 9.40 | 483 | 77.2 | 3.00 476 119
W21x166 | 166 | 4.6 | 24.9 - 3590 904 4280 380 | 936 | 435 | 70.1 | 2.98 432 108
W21x147 | 147 | 54 | 26.1 - 3140 1590 3630 329 | 9.17 | 376 | 60.1 | 2.95 373 | 92.6
W21x132 | 132 | 6.0 | 28.9 - 2840 2350 3220 295 | 9.12 | 333 | 535 | 2.93 333 | 823
W21x122 | 122 | 65 | 31.3 - 2630 3160 2960 273 | 9.09 | 305 | 49.2 | 2.92 307 | 75.6
W21x111 | 111 [ 7.1 | 341 | 55 2400 4510 2670 249 | 9.05 | 274 | 445 | 2.90 279 | 68.2
W21x101 | 101 | 7.7 | 375 | 45 2200 6400 2420 227 | 9.02 | 248 | 40.3 | 2.89 253 | 617
W21x93 93 45 ] 323 | 61 2680 3460 2070 192 | 870 | 929 | 221 | 1.84 221 | 347
W21x83 83 50 | 364 | 48 2400 5250 1830 171 | 867 | 814 | 195 | 1.83 196 | 30.5
W21x73 73 56 | 412 | 38 2140 8380 1600 151 | 8.64 | 706 | 17.0 | 1.81 172 | 26.6
W21x68 68 6.0 | 436 | 34 2000 | 10900 | 1480 140 | 8.60 | 64.7 | 15.7 | 1.80 160 | 24.4
W21x62 62 6.7 | 46.9 | 29 1820 | 15900 | 1330 127 | 854 | 575 | 139 | 1.77 144 | 21.7




W Steel Section Properties And Dimensions

W21x57 57 50 | 463 | 30 1960 | 13100 | 1170 111 [ 836 | 306 | 9.35 | 1.35 129 | 14.8
W21x50 50 6.1 | 494 | 26 1730 | 22600 984 945 | 818 | 249 | 764 | 1.30 110 | 12.2
W21x44 44 7.2 | 536 | 22 1550 | 36600 843 81.6 | 8.06 | 20.7 | 6.36 | 1.26 954 | 10.2
W18x311 | 311 | 2.2 | 10.6 - 8160 38 6960 624 | 8.72 | 795 132 2.95 753 207
W18x283 | 283 | 24 | 115 - 7520 52 6160 564 | 8.61 [ 704 118 291 676 185
W18x258 | 258 | 2.6 | 12.5 - 6920 71 5510 514 | 853 | 628 107 2.88 611 166
W18x234 | 234 | 2.8 | 13.8 - 6360 97 4900 466 | 8.44 | 558 [ 958 | 2.85 549 149
W18x211 | 211 | 3.0 | 15.1 - 5800 140 4330 419 | 835 | 493 | 853 | 2.82 490 132
W18x192 | 192 | 3.3 | 16.7 - 5320 194 3870 380 | 8.28 [ 440 | 76.8 | 2.79 442 119
W18x175 | 175 | 3.6 | 18.0 - 4870 274 3450 344 | 820 | 391 | 68.8 | 2.76 398 106
W18x158 | 158 [ 3.9 | 19.8 - 4430 396 3060 310 | 8.12 | 347 | 614 | 274 356 | 94.8
W18x143 | 143 | 4.2 | 21.9 - 4060 557 2750 282 | 8.09 [ 311 | 555 | 2.72 322 | 854
W18x130 | 130 [ 4.6 | 23.9 - 3710 789 2460 256 | 8.03 | 278 | 499 | 2.70 291 | 76.7
W18x119 | 119 | 53 | 245 - 3340 1210 2190 231 | 790 [ 253 | 449 | 2.69 261 | 69.1
W18x106 | 106 [ 6.0 | 27.2 - 2990 1880 1910 204 | 7.84 | 220 | 39.4 | 2.66 230 | 60.5
W18x97 97 6.4 | 30.0 - 2750 2580 1750 188 | 7.82 | 201 | 36.1 | 2.65 211 | 55.3
\W18x86 86 72 | 334 | 57 2460 4060 1530 166 | 7.77 | 175 | 316 | 2.63 186 | 48.4
W18x76 76 81 | 37.8 | 45 2180 6520 1330 146 | 7.73 | 152 | 27.6 | 2.61 163 | 42.2
W18x71 71 47 | 324 | 61 2680 3310 1170 127 [ 750 | 60.3 | 158 | 1.70 145 | 247
W18x65 65 51 | 357 | 50 2470 4540 1070 117 | 749 | 548 | 144 | 1.69 133 | 225
W18x60 60 54 | 38.7 | 43 2290 6080 984 108 | 7.47 | 50.1 | 13.3 | 1.69 123 | 20.6
W18x55 55 6.0 | 412 | 38 2110 8540 890 983 | 741 | 449 | 119 | 1.67 112 | 185
W18x50 50 6.6 | 452 | 31 1920 1240 800 889 | 7.38 | 40.1 | 10.7 | 1.65 101 | 16.6
W18x46 46 50 | 446 | 32 2060 | 10100 712 788 | 7.25 | 225 | 743 | 1.29 90.7 | 11.7




W Steel Section Properties And Dimensions

W18x40 40 5.7 | 51.0 | 25 1810 | 17200 612 684 | 721 | 191 | 635 | 1.27 78.4 | 9.95
W18x35 35 7.1 | 535 | 22 1590 | 30300 510 576 | 7.04 | 153 | 512 | 1.22 66.5 | 8.06
W16x100 | 100 | 5.3 | 24.3 - 3450 1040 1490 175 [ 710 | 186 | 357 | 251 198 [ 54.9
W16x89 89 59 | 27.0 - 3090 1630 1300 155 [ 7.05 | 163 | 314 | 2.49 175 | 48.1
W16xX77 77 6.8 | 31.2 - 2680 2790 1110 134 | 7.00 | 138 | 26.9 | 2.47 150 | 41.1
W16x67 67 7.7 | 359 | 50 2350 4690 954 117 [ 6.96 | 119 | 23.2 | 2.46 130 | 35.5
W16x57 57 50 | 33.0 | 59 2650 3400 758 922 | 6.72 | 431 | 121 | 1.60 105 | 18.9
W16x50 50 5.6 | 374 | 46 2340 5530 659 81.0 | 6.68 | 37.2 | 105 | 1.59 92.0 | 16.3
W16x45 45 6.2 | 412 | 38 2120 8280 586 72.7 | 6.65 | 328 | 9.34 | 1.57 82.3 | 145
W16x40 40 6.9 | 46.6 | 30 1890 | 12900 518 64.7 | 6.63 | 289 | 825 | 1.57 72.9 | 12.7
W16x36 36 81 | 481 | 28 1700 | 20800 448 565 | 651 | 245 | 7.00 | 1.52 64.0 | 10.8
W16x31 31 6.3 | 516 | 24 1740 | 20000 375 472 | 641 | 124 | 449 | 1.17 54.0 | 7.03
W16x26 26 80 | 56.8 | 20 1470 | 40900 301 384 | 6.26 | 959 | 349 | 1.12 442 | 5.48
W14x808 | 808 | 1.8 3.4 - 18900 1.45 16000 | 1400 | 8.21 | 5510 | 594 482 | 1834 | 927
W14x730 | 730 | 1.8 3.7 - 17500 1.90 14300 | 1280 | 8.17 | 4720 | 527 4.69 | 1660 | 816
\W14x665 | 665 | 2.0 4.0 - 16300 2.50 12400 | 1150 | 7.98 | 4170 | 472 462 | 1480 | 730
W14x605 | 605 [ 2.1 4.4 - 15100 3.20 10800 | 1040 | 7.80 | 3680 | 423 455 | 1320 | 652
W14x550 | 550 [ 2.3 4.8 - 14200 4.20 9430 931 | 7.63 | 3250 | 378 449 | 1180 | 583
W14x500 | 500 | 2.4 52 - 13100 5.50 8210 838 | 7.48 | 2880 | 339 443 | 1050 | 522
W14x455 | 455 [ 2.6 5.7 - 12200 7.30 7190 756 | 7.33 | 2560 | 304 4.38 936 468
W14x426 | 426 | 2.8 6.1 - 11500 8.90 6600 707 | 7.26 | 2360 | 283 4.34 869 434
W14x398 | 398 [ 2.9 6.4 - 10900 11.0 6000 656 | 7.16 | 2170 | 262 4.31 801 402
W14x370 | 370 [ 3.1 6.9 - 10300 13.9 5440 607 | 7.07 | 1990 | 241 4.27 736 370
W14x342 | 342 | 3.3 7.4 - 9600 17.9 4900 559 | 6.98 | 1810 | 221 4.24 672 338




W Steel Section Properties And Dimensions

W14x311 | 311 | 3.6 8.1 - 8820 24.4 4330 506 | 6.88 [ 1610 | 199 4.20 603 304
W14x283 | 283 | 3.9 8.8 - 8120 33.4 3840 459 | 6.79 | 1440 [ 179 4.17 542 274
W14x257 | 257 | 4.2 9.7 - 7460 46.1 3400 415 | 6.71 | 1290 | 161 4.13 487 246
W14x233 | 233 | 4.6 | 10.7 - 6820 64.9 3010 375 | 6.63 | 1150 | 145 4.10 436 221
W14x211 | 211 | 51 | 11.6 - 6230 91.8 2660 338 | 6.55 [ 1030 | 130 4.07 390 198
W14x193 | 193 [ 55 | 12.8 - 5740 125 2400 310 | 6,50 | 931 119 4.05 355 180
W14x176 | 176 | 6.0 | 13.7 - 5280 173 2140 281 | 6.43 | 838 107 4.02 320 163
W14x159 | 159 | 6.5 | 153 - 4790 249 1900 254 |1 6.38 [ 748 | 96.2 | 4.00 287 146
W14x145 | 145 [ 7.1 | 16.8 - 4400 348 1710 232 | 6.33 | 677 | 87.3 | 3.98 260 133
W14x132 | 132 | 7.1 | 17.7 - 4180 428 1530 209 | 6.28 | 548 | 745 | 3.76 234 113
W14x120 | 120 | 7.8 | 19.3 - 3830 601 1380 190 | 6.24 | 495 | 675 | 3.74 212 102
W14x109 | 109 [ 85 | 21.7 - 3490 853 1240 173 | 6.22 | 447 | 61.2 | 3.73 192 | 92.7
W14x99 99 9.3 | 235 - 3190 1220 1110 157 [ 6.17 | 402 | 55.2 | 3.71 173 | 83.6
W14x90 90 | 10.2 | 25.9 - 2900 1750 999 143 | 6.14 | 362 | 499 | 3.70 157 | 75.6
W14x82 82 59 | 224 - 3600 846 882 123 [ 6.05 | 148 | 29.3 | 2.48 139 | 44.8
W14x74 74 6.4 | 25.3 - 3290 1190 796 112 | 6.04 | 134 | 26.6 | 2.48 126 | 40.6
W14x68 68 70 | 275 - 3020 1650 723 103 | 6.01 | 121 | 242 | 2.46 115 | 36.9
W14x61 61 7.7 | 30.4 - 2720 2460 640 922 | 598 | 107 | 215 | 245 102 | 32.8
W14x53 53 6.1 | 30.8 - 2830 2250 541 778 | 589 | 57.7 | 143 | 1.92 87.1 | 22.0
W14x48 48 6.7 | 335 | 57 2580 3220 485 70.3 | 585 | 514 | 128 | 191 78.4 | 19.6
W14x43 43 75 | 374 | 46 2320 4900 428 62.7 | 582 | 452 | 11.3 | 1.89 69.6 | 17.3
W14x38 38 6.6 | 396 | 41 2190 6850 385 546 | 587 | 26.7 | 7.88 | 1.55 615 | 121
W14x34 34 74 | 431 | 35 1970 | 10600 340 48.6 | 583 | 23.3 | 6.91 | 1.53 54.6 | 10.6
W14x30 30 87 | 454 | 31 1750 | 17600 291 420 | 573 | 196 | 582 | 1.49 47.3 | 8.99




W Steel Section Properties And Dimensions

W14x26 26 6.0 | 481 | 28 1890 | 13900 245 353 | 565 | 891 | 354 | 1.08 40.2 | 5.54
W14x22 22 75 | 533 | 22 1610 | 27300 199 29.0 | 554 | 7.00 [ 2.80 | 1.04 33.2 | 4.39
W12x336 | 336 | 2.3 5.5 - 12800 6.05 4060 483 | 6.41 | 1190 | 177 3.47 603 274
W12x305 | 305 | 2.4 6.0 - 11800 8.17 3550 435 | 6.29 | 1050 [ 159 3.42 537 244
W12x279 | 279 | 2.7 6.3 - 11000 10.8 3110 393 | 6.16 | 937 143 3.38 481 220
W12x252 | 252 | 2.9 7.0 - 10100 14.7 2720 353 | 6.06 | 828 127 3.34 428 196
W12x230 | 230 | 3.1 7.6 - 9390 19.7 2420 321 | 597 | 742 115 3.31 386 177
W12x210 | 210 | 3.4 8.2 - 8670 26.6 2140 292 | 5.89 | 664 104 3.28 348 159
W12x190 | 190 | 3.7 9.2 - 7940 37.0 1890 263 | 582 [ 589 | 93.0 | 3.25 311 143
W12x170 | 170 | 4.0 | 10.1 - 7190 54.0 1650 235 | 574 | 517 | 823 | 3.22 275 126
Wi12x152 | 152 | 45 | 11.2 - 6510 79.3 1430 209 | 566 | 454 | 72.8 | 3.19 243 111
W12x136 | 136 [ 5.0 | 12.3 - 5850 119 1240 186 | 558 [ 398 | 64.2 | 3.16 214 | 98.0
W12x120 | 120 | 5.6 | 13.7 - 5240 184 1070 163 [ 551 | 345 | 56.0 | 3.13 186 | 85.4
W12x106 | 106 [ 6.2 | 15.9 - 4660 285 933 145 | 547 | 301 | 493 | 3.11 164 | 75.1
W12x96 96 6.8 | 17.7 - 4250 405 833 131 | 544 | 270 | 444 | 3.09 147 | 67.5
W12x87 87 7.5 | 18.9 - 3880 586 740 118 | 538 | 241 | 39.7 | 3.07 132 | 60.4
W12x79 79 8.2 | 20.7 - 3530 839 662 107 | 534 | 216 | 35.8 | 3.05 119 | 54.3
W12x72 72 9.0 | 226 - 3230 1180 597 97.4 | 531 | 195 | 324 | 3.04 108 | 49.2
W12x65 65 99 | 249 - 2940 1720 533 87.9 | 528 | 174 | 29.1 | 3.02 96.8 | 441
W12x58 58 78 | 27.0 - 3070 1470 475 78.0 | 528 | 107 | 214 | 251 86.4 | 32.5
W12x53 53 8.7 | 28.1 - 2820 2100 425 706 | 523 | 95.8 | 19.2 | 2.48 779 | 29.1
W12x50 50 6.3 | 26.2 - 3170 1410 394 64.7 | 518 | 56.3 | 13.9 | 1.96 724 | 214
W12x45 45 7.0 | 29.0 - 2870 2070 350 58.1 | 515 | 50.0 | 124 | 1.94 64.7 | 19.0
W12x40 40 78 | 329 | 59 2580 3110 310 519 | 513 | 441 | 11.0 | 1.93 575 | 16.8
W12x35 35 6.3 | 36.2 | 49 2420 4340 285 456 | 525 | 245 | 7.47 | 154 512 | 115




W Steel Section Properties And Dimensions

W12x30 30 74 | 418 | 37 2090 7950 238 386 | 521 | 203 | 6.24 | 1.52 43.1 | 9.56
W12x26 26 85 | 472 | 29 1820 | 13900 204 334 | 517 | 173 | 534 | 151 37.2 | 8.17
W12x22 22 47 | 418 | 37 2160 8640 156 254 | 491 | 466 | 231 | 0.847 | 29.3 | 3.66
W12x19 19 5.7 | 46.2 | 30 1880 | 15600 130 213 | 482 | 3.76 | 1.88 | 0.822 | 24.7 | 2.98
W12x16 16 75 | 494 | 26 1610 | 32000 103 17.1 | 467 | 282 | 1.41 | 0.773 | 20.1 | 2.26
W12x14 14 88 | 543 | 22 1450 | 49300 88.6 149 | 462 | 236 | 1.19 | 0.753 | 17.4 | 1.90
W10x112 | 112 | 42 | 104 - 7080 56.7 716 126 | 466 | 236 | 45.3 | 2.68 147 | 69.2
W10x100 | 100 | 4.6 | 11.6 - 6400 83.8 623 112 | 460 | 207 | 40.0 | 2.65 130 | 61.0
W10x88 88 5.2 | 13.0 - 5680 132 534 985 | 454 | 179 | 348 | 2.63 113 | 53.1
W10x77 77 59 [ 148 - 5010 213 455 859 | 449 | 154 | 30.1 | 2.60 97.6 | 45.9
W10x68 68 6.6 | 16.7 - 4460 334 394 757 | 444 | 134 | 264 | 2.59 85.3 | 40.1
W10x60 60 7.4 | 18.7 - 3970 525 341 66.7 | 439 | 116 | 23.0 | 2.57 746 | 35.0
W10x54 54 8.2 | 21.2 - 3580 778 303 60.0 | 437 | 103 | 20.6 | 2.56 66.6 | 31.3
W10x49 49 89 | 231 - 3280 1090 272 546 | 435 | 934 | 18.7 | 254 60.4 | 28.3
W10x45 45 6.5 | 225 - 3650 758 248 491 | 432 | 534 | 133 | 2.01 549 | 20.3
W10x39 39 75 | 25.0 - 3190 1300 209 421 | 427 | 450 | 11.3 | 1.98 46.8 | 17.2
W10x33 33 9.1 | 271 - 2710 2510 170 350 | 419 | 36,6 | 920 | 1.94 38.8 | 14.0
W10x30 30 5.7 | 295 - 2890 2160 170 324 | 438 | 16.7 | 5.75 | 1.37 36.6 | 8.84
W10x26 26 6.6 | 340 | 55 2500 3790 144 279 | 435 | 141 | 489 | 1.36 31.3 | 7.50
W10x22 22 80 | 36.9 | 47 2150 7170 118 232 | 427 | 114 | 3.97 | 133 26.0 | 6.10
W10x19 19 51 | 354 | 51 2420 5160 96.3 188 | 414 | 429 | 214 | 0.874 | 216 | 3.35
W10x17 17 6.1 | 36.9 | 47 2210 7820 81.9 16.2 | 405 | 356 | 1.78 | 0.844 | 18.7 | 2.80
W10x15 15 74 | 385 | 43 1930 | 14300 68.9 138 | 395 | 2.89 | 1.45 | 0.810 | 16.0 | 2.30
W10x12 12 9.4 | 46.6 | 30 1550 | 35400 53.8 109 | 390 | 2.18 | 1.10 | 0.785 | 12,6 | 1.74




W Steel Section Properties And Dimensions

l *k*k | *k*k | *k*k | *k*k | *k*k | *k*k | *k*k | *k*k | *k*k | *k*k | *k*k | *k*k | *k*k | *k*k |
Area | Depth Web Flange Distance
Desig- Thickness tw Thickness
nation A d tw 2 Width by t T k ky
in? | in. ] in. [ in. [ in. in. in. in. in. in. in. in. in.
W44x335 | 98.3 | 44.02 44 1.020 1 Y2 | 15.950 | 15% | 1.770 | 1% | 38"h6 | 2°16 | 1°1s

W44x290 | 85.8 | 43.62 | 43%s | 0.870 I "he | 15.830 | 1578 | 1.580 | 1°%16 | 38116 | 2%s 1Y4

Wa44x262 | 77.2 | 4331 | 43% | 0.790 | /e % | 15.750 | 15%a | 1.420 | 1716 | 387116 | 2%h6 | 1%1s

W44x230 | 67.7 | 4291 | 4278 | 0.720 | e %% | 15.750 | 15%a | 1220 | 1%a | 38'I16 2 1Yg

W40x593 | 174 | 42.99 43 1.790 | 1%6 1 16.690 | 16%a | 3.230 | 3Ya | 34%6 | 4’6 | 2Y%6

W40x503 | 148 | 42.05 | 42'16 | 1.540 | 1%6 % | 16.420 | 16716 | 2.760 | 2%a | 34%16 | 3%16 | 116

W40x431 | 127 | 4126 | 4144 | 1.340 | 1% | Y16 | 16.220 | 16%a | 2.360 | 2%s | 34%6 | 3% | 18

W40x372 109 | 40.63 | 40%s | 1.160 | 1%16 | %16 | 16.060 | 16Y%16 | 2.050 | 2416 | 34%16 | 3%a 134

W40x321 | 94.1 | 40.08 | 40'%16 | 1.000 1 115910 | 1578 | 1.770 | 1%a | 34%16 | 2816 | 116

W40x297 | 87.4 | 39.84 | 3958 | 0.930 | /16 Yo | 15.825 | 15718 | 1.650 | 1%s | 34%16 | 36 | 16

W40x277 | 813 | 39.69 | 39% | 0.830 | ¥me | ‘e | 15830 | 158 | 1.575 | 1% | 34%16 | 2% 1%/s

W40x249 | 73.3 | 39.38 | 39%s | 0.750 %a % | 15.750 | 15%a | 1.420 | 1716 | 34%16 | 2% | 1%1s

W40x215 | 63.3 | 38.98 39 0.650 °g %16 | 15.750 | 15%a | 1220 | 1Y%a | 34%6 | 2% 12

W40x199 | 584 | 38.67 | 388 | 0.650 %g 16 | 15.750 | 15%a | 1.065 | 116 | 34%16 | 2Ya 12

W40x174 | 51.1 | 38.20 | 3844 | 0.650 Sg 16 | 15.750 | 15%4 | 0.830 | e | 34%1s 2 12

W40x466 137 | 4244 | 4216 | 1.670 | 116 | e | 12640 | 12%8 | 2.950 | 286 | 34%16 | 4Ys 2

W40x392 | 115 | 4157 | 41%6 | 1420 | 176 | e | 12360 | 12%s | 2520 | 2Y%2 | 34%6 | 3%Mae | 1Ms

W40x331 | 97.6 | 40.79 | 40%16 | 1.220 | 1Ya % | 12.170 | 12%6 | 2.130 | 2%s | 34%16 | 3% | 176

W40x278 | 81.8 | 40.16 | 40%6 | 1.020 1 21 11.970 12 1.810 | 1816 | 34%6 3 116




W Steel Section Properties And Dimensions

W40x264 | 77.6 | 40.00 40 0.960 1 2| 11.930 12 1.730 | 1%a | 34%16 | 286 | 116

W40x235 | 689 | 39.69 | 39% | 0830 | ®me | ‘he | 11.800 | 1178 | 1.575 | 1716 | 34%16 | 2%a 1%/8

W40x211 | 62.0 | 39.37 | 39%s | 0.750 %a %% | 11.810 | 11%a | 1415 | 1%16 | 34%16 | 2% | 1%

W40x183 | 53.7 | 38.98 39 0.650 5s Si6 | 11.810 | 11%a | 1220 | 1%a | 34%16 | 2%s 12

W40x167 | 49.1 | 38559 | 38%8 | 0.650 Ss 16 | 11.810 | 11%a | 1.025 1 3% | 2% | 1Y

W40x149 | 43.8 | 38.20 | 3844 | 0.630 *lg %16 | 11.810 | 11% | 0.830 | e | 34%1s 2 12

W36x848 | 249 | 4245 | 42%2 | 2520 | 22 14 | 18.130 | 1848 | 4530 | 4% 31Ys | 516 | 2Ya

W36x798 | 234 | 41.97 42 2380 | 2% | 1% | 17.990 18 4290 | 4°he | 31Y%s | 5716 | 2%

W36x650 | 190 | 40.47 | 40%2 | 1.970 2 1 17575 | 17%s | 3.540 | 3% | 31%s | 416 2

W36x527 | 154 | 39.21 | 3944 | 1610 | 1% | Bhe | 17.220 | 174a | 2.910 | 2%ne | 31Y%s | 41s | 1%

W36x439 128 | 38.26 | 38Ya | 1.360 | 1%s | /16 | 16.965 17 2440 | 2’6 | 31'8 | 3% 158

W36x393 | 115 | 37.80 | 37% | 1.220 | 1Ya s | 16.830 | 1678 | 2.200 | 2%16 | 31Ys | 3% | 1%s

W36x359 | 105 | 3740 | 37%s | 1.120 | 1 %6 | 16.730 | 16%4 | 2.010 2 31Ys | 3Ys | 1%

W36x328 | 96.4 | 37.00 | 3748 | 1.020 1 71 16630 | 16°8 | 1.850 | 17/s | 31Ys 3 12

W36x300 | 883 | 36.74 | 36% | 0.945 | /e Yo | 16.655 | 16%s | 1.680 | 16 | 31Ys | 2% | 1Y

W36x280 | 82.4 | 3652 | 36%2 | 0.885 I e | 16595 | 16%s | 1570 | 1°%16 | 31Ys | 2%1e | 1'%

W36x260 | 7655 | 36.26 | 3644 | 0.840 | ¥me | ‘e | 16550 | 162 | 1.440 | 176 | 31Ys | 2% | 12

Wa36x245 | 72.1 | 36.08 | 36%s | 0.800 | 16 | "6 | 16.510 | 16Y2 | 1.350 | 1%s 31Ys 2 1’16

W36x230 | 67.6 | 3590 | 35/ | 0.760 34 % | 16.470 | 16Y%2 | 1.260 | 1% 31Ys 2ls 1’16

W36x256 | 75.4 | 37.43 | 37%s | 0.960 1 Yo | 12215 | 12%a | 12730 | 1%2 | 32Y%s | 2% | 1%1s

W36x232 | 68.1 | 37.12 | 3748 | 0.870 I e | 12.120 | 1248 | 1570 | 1°16 | 32Ys 2 1Y4

W36x210 | 61.8 | 36.69 | 36%4 | 0.830 | ¥ | ‘e | 12.180 | 1248 | 1.360 | 1%s | 32Y%s | 2% | 1Ya

W36x194 | 57.0 | 36.49 | 36'%2 | 0.765 %a % | 12.115 | 12Y%s | 1260 | 1%a | 32%s | 2% | 1%

W36x182 | 53.6 | 36.33 | 36%s | 0.725 34 % | 12.075 | 1248 | 1.180 | 1%16 | 32Ys 2Ys 1316

W36x170 | 50.0 | 36.17 | 36% | 0.680 | Y6 % | 12.030 12 1.100 | 1Ys 32Ys 2 1316

W36x160 | 47.0 | 36.01 36 0.650 Ss 16 | 12.000 12 1.020 1 32Ys | %6 | 1Ys

W36x150 | 44.2 | 35.85 | 35/ | 0.625 %g 16 | 11.975 12 0.940 | e | 32Ys 1/s 1Y8




W Steel Section Properties And Dimensions

W36x135 | 39.7 | 3555 | 35Y%2 | 0.600 | s 16 | 11.950 12 0.790 | Bhe | 3248 | 1*1e | 1Ys

W33x354 | 104 | 3555 | 35Y2 | 1.160 | 1% g | 16.100 | 16Y%s | 2.000 | 216 | 29%4 | 2'Is 1%/8

W33x318 | 935 | 35.16 | 3548 | 1.040 | 1%e | °he | 15.985 16 1.890 | 1778 | 29%a | 2%he | 1%16

W33x291 | 85.6 | 34.84 | 34'/s | 0.960 1 Yo 1 15905 | 1578 | 1.730 | 1%a | 29%a | 2%16 | 1Ya

W33x263 | 77.4 | 3453 | 342 | 0.870 “Is e | 15.805 | 15%a | 1570 | 1%16 | 29%2 | 2% | 1%

W33x241 | 709 | 34.18 | 34% | 0830 | ®m1e | “he | 15860 | 1578 | 1.400 | 1%s | 29%a | 2%16 | 1%6

W33x221 | 65.0 | 33.93 | 338 | 0.775 %a % | 15.805 | 15%a | 1275 | 1Ya | 29%a | 2'he | 1%

W33x201 | 59.1 | 3368 | 338 | 0.715 | e % | 15.745 | 15%4 | 1.150 | 1% | 29%a | 116 | 1Ys

W33x169 | 495 | 33.82 | 338 | 0.670 | Y1 % | 11500 | 11%2 | 1220 | 1Ya | 29%a | 2'he | 1Ys

W33x152 | 44.7 | 3349 | 33Y2 | 0.635 Sg 16 | 11565 | 11%8 | 1.055 | 1Y16 | 29%s | 17/s 1Yg

W33x141 | 416 | 33.30 | 3344 | 0.605 Sg 16 | 11535 | 11%2 | 0960 | /16 | 29%a | 1%a | 1%

W33x130 | 38.3 | 33.00 | 33% | 0580 | %16 16 | 11.510 | 11%2 | 0.855 I 29% | 1%16 | 116

W33x118 | 34.7 | 3286 | 32'/s | 0550 | /16 16 | 11.480 | 11%%2 | 0.740 3 29% | 1%16 | 1Y%6

W30x477 | 140 | 3421 | 3444 | 1630 | 1%s | ¥me | 15.865 | 1578 | 2.950 3 26%4 | 3% | 1%

W30x391 | 114 | 33.19 | 3344 | 1360 | 1% | e | 15590 | 15°%8 | 2.440 | 2716 | 26%a | 3Ya | 17/

W30x326 | 95.7 | 3240 | 32% | 1.140 | 18 %16 | 15.370 | 15%s | 2.050 | 2'16 | 26%a | 2816 | 1%16

W30x292 | 85.7 | 32.01 32 1.020 1 Yo | 15.255 | 15%2 | 1.850 | 1/s 26%/4 2°/g 1Y4

W30x261 | 76.7 | 3161 | 31% | 0.930 | e Yo | 15.155 | 15%s | 1.650 | 1%s | 26%a | 2he | 1%1s

W30x235 | 69.0 | 31.30 | 31Y%4 | 0.830 | ¥me | ‘he | 15.055 15 1500 | 1Y% | 26%4 | 2Ya 1Yg

W30x211 | 62.0 | 30.94 31 0.775 34 % | 15.105 | 15%8 | 1.315 | 1%16 | 26%a 2Ys 1Y8

W30x191 | 56.1 | 30.68 | 30% | 0.710 | s %% | 15.040 15 1.185 | 1%16 | 26%a | 116 | 1Y%16

W30x173 | 50.8 | 30.44 | 30Y%2 | 0.655 Sg 16 | 14.985 15 1.065 | 116 | 26% | 1*16 | 1%16

W30x148 | 435 | 30.67 | 30%8 | 0.650 5g 16 | 10.480 | 10Y2 | 1.180 | 1%16 | 26%a 2 1

W30x132 | 389 | 30.31 [ 3044 | 0.615 Ss 16 | 10.545 | 10%2 | 1.000 1 26%4 | 1% | 1Y%s6

W30x124 | 365 | 30.17 | 30%s | 0585 | “I16 16 | 10515 | 10%2 | 0.930 | /16 | 26%a | 116 1




W Steel Section Properties And Dimensions

W30x116 | 34.2 | 30.01 30 0565 | /16 | /16 | 10.495 | 10'%2 | 0.850 | /s 26% | 18 1
W30x108 | 317 | 29.83 | 29'/s | 0.545 | /6 e | 10.475 | 10'2 | 0.760 | I 26%4 | 1% 1
W30x99 | 29.1 | 29.65 | 298 | 0520 | /2 Y4 | 10.450 | 10'2 | 0.670 | e | 26% | 1716 1
W30x90 | 264 | 2953 | 29%2 | 0470 | Y4 | 10.400 | 10%s | 0.610 | %16 | 26% | 1°16 1
W27x539 | 158 | 3252 | 32Y2 | 1.970 2 1 15.255 | 15% | 3540 | 3%16 24 44 1°/g
W27x448 | 131 | 3142 | 31% | 1650 | 1% | /6 | 14.940 15 2.990 3 24 | 3% | 12

W27x368 | 108 | 30.39 | 30%s | 1.380 | 1% | Y16 | 14665 | 14%s | 2.480 | 2Y- 24 e | 116

W27x307 | 90.2 | 29.61 | 29%s | 1.160 | 1%16 g | 14.445 | 14%2 | 2.000 | 216 24 2816 | 1Ya

W27x258 | 75.7 | 28.98 29 0.980 1 Yo | 14270 | 1444 | 1770 | 1% 24 2 1Y8

W27x235 | 69.1 | 28.66 | 28%s | 0.910 | /16 Yo | 14290 | 14%4 | 1610 | 1%s 24 2°I16 1Y8

W27x217 | 63.8 | 2843 | 28% | 0830 | 16 | e | 14.115 | 14Ys | 1500 | 1'% 24 216 | 1Y16

W27x194 | 57.0 | 28.11 | 284 | 0.750 %a %% | 14.035 14 1.340 | 1%16 24 216 1

W27x178 | 52.3 | 2781 | 27%a | 0.725 %a % | 14.085 | 14Y%s | 1.190 | 1% 24 178 | 1'1s

W27x161 | 474 | 2759 | 27%8 | 0.660 | Y16 %% | 14.020 14 1.080 | 1Y%1s 24 1816 1

W27x146 | 429 | 2738 | 27%s | 0.605 %g 16 | 13.965 14 0.975 1 24 16 1

W27x129 | 37.8 | 27.63 | 27°8 | 0.610 %g 16 | 10.010 10 1.100 | 1Ys 24 18116 | Yhe

W27x114 | 335 | 27.29 | 2744 | 0570 | /16 16 | 10.070 | 10%s | 0.930 | /16 24 1%/8 Y16

W27x102 | 30.0 | 27.09 | 274 | 0515 ) Y4 | 10.015 10 0.830 | e 24 1°116 | /16

W27x94 | 277 | 26.92 | 26'/s | 0.490 ) Ya 9.990 10 0.745 %la 24 116 | l16
W27x84 | 248 | 26,71 | 26% | 0.460 | e Ya 9.960 10 0.640 %g 24 1%/s Y16
W24x492 144 | 29.65 | 29% | 1.970 2 1 14.115 | 14%s | 3.540 | 316 21 Ahe | 116
W24x408 | 119 | 2854 | 2842 | 1.650 | 1% | e | 13.800 | 13%s | 2.990 3 21 3 1%/

W24x335 | 98.4 | 2752 | 2742 | 1.380 | 1% | e | 13520 | 13Y2 | 2480 | 2% 21 3Ya 1Y4

W24x279 | 820 | 26.73 | 26%4 | 1.160 | 1%16 g | 13.305 | 13Y%a | 2.000 | 216 21 2'ls 1Ys

W24x250 | 735 | 26.34 | 26%s | 1.040 | 1% | °ne | 13.185 | 13Ys | 1.890 | 1'/s 21 26 | 1Y

W24x229 | 67.2 | 26.02 26 0.960 1 Yo | 13.120 | 13%s | 1.730 | 1% 21 2 1




W Steel Section Properties And Dimensions

W24x207 | 60.7 | 25.71 | 25%4 | 0.870 Is "he | 13.010 13 1.570 | 1%1s 21 28 1

W24x192 | 56.3 | 2547 | 25%2 | 0.810 | ¥he | ‘e | 12.950 13 1.460 | 1116 21 2Ya 1

W24x176 | 517 | 25.24 | 2544 | 0.750 %a % | 12.890 | 12'/s | 1.340 | 1% 21 28 Y16

W24x162 | 47.7 | 25.00 25 0.705 | e % | 12.955 13 1.220 | 1Ya 21 2 1Y16

W24x146 | 43.0 | 2474 | 24%s | 0.650 Ss 16 | 12.900 | 127/s | 1.090 | 1%16 21 18 | 1'16

W24x131 | 385 | 24.48 | 242 | 0.605 *lg 16 | 12.855 | 12'/s | 0.960 | /16 21 s | 116

W24x117 | 344 | 2426 | 2444 | 0550 | /16 16 | 12.800 | 12%4 | 0.850 | Is 21 1%/8 1

W24x104 | 30.6 | 24.06 24 0.500 ) Ya | 12750 | 12%a | 0.750 %a 21 12 1
W24x103 | 30.3 | 2453 | 24'% | 0550 | %16 e | 9.000 9 0.980 1 21 P | P
W24x94 | 27.7 | 2431 | 24Ys | 0515 ) Ya 9.065 ol | 0.875 I 21 1°/s 1
W24x84 | 24.7 | 24.10 | 24% | 0.470 ) Ya 9.020 9 0.770 %a 21 1’116 | /16

W24x76 | 22.4 | 2392 | 2378 | 0.440 | "hse Ya 8.990 9 0.680 | e 21 116 | /16

W24x68 | 201 | 23.73 | 23% | 0.415 | s Ya 8.965 9 0.585 | /16 21 1%/ Bl16

W24x62 | 182 | 2374 | 23%: | 0430 | "hse Ya 7.040 7 0.590 | %18 21 1%/s Y16

W24x55 | 162 | 2357 | 238 | 0.395 %l %16 | 7.005 7 0.505 ) 21 1°16 | /16

W21x201 | 59.2 | 23.03 23 0.910 | /6 Y2 | 12575 | 12%s | 1.630 | 1%s 184a | 2%s 1

W21x182 | 536 | 2272 | 22%4 | 0830 | *16 | "6 | 12500 | 1242 | 1.480 | 12 18%4 2Ya 1

W21x166 | 48.8 | 2248 | 222 | 0.750 %la % | 12420 | 12%s | 1.360 | 1%s 1844 | 2Ys Y16

W21x147 | 432 | 22.06 22 0.720 %a % | 12510 | 12'2 | 1.150 | 1%s 1844 | 1718 | 1Y%6

W21x132 | 38.8 | 21.83 | 21'/s | 0.650 °g 16 | 12.440 | 12%2 | 1.035 | 1'16 | 18Ya | 1%/ 1

W21x122 | 359 | 2168 | 21% | 0.600 %g 16 | 12.390 | 12%s | 0960 | /16 | 18Y%a | 1'%e 1

W21x111 | 327 | 2151 | 21Y%2 | 0550 | /16 16 | 12.340 | 12%s | 0.875 I 184a | 1%s Y16

W21x101 | 29.8 | 21.36 | 21%s | 0.500 ) Yo | 122900 | 1244 | 0.800 | e | 18Ya | 1% | l16

W21x93 | 273 | 2162 | 21% | 0580 | %6 16 | 8.420 8% | 0930 [ ®re | 18Ya | 116 1

W21x83 | 243 | 21.43 | 21%s | 0515 ) Ya 8.355 8% | 0.835 | ¥me | 1844 | 1% | e
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W21x73 | 215 | 2124 | 21Y%a | 0.455 | "I Ya 8.295 84 | 0740 | & 184 | 1% Y6

W21x68 | 20.0 | 21.13 | 21Y% | 0.430 | 16 Ya 8.270 84 | 0685 | Yhe | 18Ya | 1716 Is

W21x62 | 18.3 | 20.99 21 0.400 %lg %16 | 8.240 84 | 0.615 *g 184 | 1%s Is

W21x57 | 16.7 | 21.06 21 0.405 | /s %16 | 6.555 62 | 0.650 | °/s 1844 | 1% Is

W21x50 | 14.7 | 20.83 | 207/s | 0.380 %lg %16 | 6.530 62 | 0535 | %16 184 | 116 Is

W21x44 | 13.0 | 2066 | 20%s | 0.350 | s %16 | 6.500 62 | 0450 | /16 18Y4 | 1% Is

W18x311 | 915 | 2232 | 22% | 1520 | 1'% % | 12.005 12 2740 | 2% 15Y2 | 3'1e | 1%16

W18x283 | 83.2 | 2185 | 2178 | 1400 | 1% | YMme | 11.800 | 1178 | 2.500 | 2% 15%2 | e | 1%

W18x258 | 759 | 2146 | 212 | 1.280 | 1Ya S | 11.770 | 11%a | 2.300 | 2%16 | 15%- 3 1Y8

W18x234 | 68.8 | 21.06 21 1.160 | 1%16 g | 11.650 | 11%s | 2.110 | 2%s 15Y2 | 2%a 1

wWisx211 | 62.1 | 2067 | 20%s | 1.060 | 1% | °ne | 11555 | 11Y2 | 1.910 | 1%16 | 15%2 | 2% 1

W18x192 | 56.4 | 20.35 | 20%s | 0.960 1 Yo | 11455 | 11Y2 | 1.750 | 1% 15%2 | 2’6 | hs

W18x175 | 51.3 | 20.04 20 0.890 “Is e | 11.375 | 11%s | 1590 | 1%16 | 15% | 2% Is

W18x158 | 46.3 | 19.72 | 19%s | 0.810 | ®me | ‘he | 11.300 | 11%a | 1.440 | 176 | 15Y2 | 2Ys Is

W18x143 | 42.1 | 19.49 | 19%2 | 0.730 34 % | 12220 | 1144 | 1.320 | 1°16 | 15Y% 2 Y16

W18x130 | 38.2 | 19.25 | 1944 | 0.670 | s % | 11.160 | 11%s | 1.200 | 1% | 15%- 1/s 16

W18x119 | 35.1 | 18.97 19 0.655 °g %16 | 11.265 | 1144 | 1.060 | 1'16 | 15Y% 134 Y16

W18x106 | 31.1 | 1873 | 18% | 0590 | /16 16 | 11.200 | 11%a | 0.940 | e | 15Y% 1%/8 Y16

Wi18x97 | 285 | 1859 | 18% | 0535 | %716 16 | 11.145 | 11%s | 0.870 I 152 | 1% Is

W18x86 | 25.3 | 18.39 | 18%s | 0.480 Yo Y4 | 12.000 | 11%s | 0.770 34 152 | 116 Is

W18x76 | 223 | 1821 | 18Ya | 0.425 | e Ya | 11.035 11 0.680 | e | 15Y% 1%/s 16

Wi18x71 | 20.8 | 18.47 | 1842 | 0.495 ) Ya 7.635 7ls | 0.810 | /e | 15Y% 12 Is

Wi18x65 | 19.1 | 1835 | 18%s | 0.450 | /16 Ya 7.590 7°ls | 0.750 %a 15Y2 | 171 Is

W18x60 | 17.6 | 1824 | 18Ya | 0.415 | "6 Ya 7.555 72 | 0695 | Mie | 15Y 1%/s 16

W18x55 | 16.2 | 18.11 | 184 | 0.390 %l %16 | 7.530 72 | 0.630 %g 152 | 1%16 | *hs
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W18x50 | 14.7 | 17.99 18 0.355 | s %16 | 7.495 72 | 0570 | %16 15%2 | 1Ya Bl16

W18x46 | 135 | 18.06 18 0.360 %lg %16 | 6.060 6 0.605 *g 15% 1Y4 Y16

Wi18x40 | 118 | 1790 | 1778 | 0315 | /6 %16 | 6.015 6 0.525 Y 15 | 1% | %6

Wi18x35 | 103 | 1770 | 17%a | 0.300 | /16 %16 | 6.000 6 0.425 | "I 15%2 | 1Ys %la

W16x100 | 29.4 | 16.97 17 0.585 | %16 16 | 10.425 | 10%s | 0.985 1 13%s | 1%16 | /16

W16x89 | 26.2 | 16.75 | 16% | 0.525 ) Y4 | 10365 | 10%s | 0.875 I 13%s | 1% Is

W16x77 | 226 | 1652 | 16% | 0.455 | "he Y4 | 10295 | 1044 | 0.760 %a 13%s | 1'h6 Is

Wi16x67 | 197 | 16.33 | 16%s | 0395 | s %16 | 10.235 | 10Y4 | 0665 | 16 | 13%s | 1%s Bhe

W16x57 | 16.8 | 16.43 | 16%s | 0.430 | /s Ya 7.120 s | 0715 | e | 13%s 1%/s Is

W16x50 | 14.7 | 16.26 | 16Y% | 0.380 %s %16 | 7.070 78 | 0.630 %g 13%s | 1516 | /s

Wi16x45 | 133 | 16.13 | 16Y%s | 0345 | s %16 | 7.035 7 0.565 | /16 13% | 1%a Y16

W16x40 | 11.8 | 16.01 16 0.305 | °/16 %16 | 6.995 7 0.505 ) 13%s | 1%16 | s

W16x36 | 106 | 1586 | 1578 | 0.295 | /6 %16 | 6.985 7 0.430 | /s 13%s 1Ys 34

W16x31 | 9.12 | 1588 | 1578 | 0.275 Ya Ys 5.525 52 | 0.440 | 'I16 13%s 1Ys 34

W16x26 | 7.68 | 1569 | 15% | 0.250 Ya Ys 5.500 52 | 0.345 %ls 13%s | 1'16 3

W14x808 | 237.0 | 22.84 | 22/ | 3.740 | 3% 1'/s | 18560 | 18Y% | 5.120 | 5% 1144 | 5%h6 | 22

W14x730 | 215.0 | 22.42 | 22%s | 3.070 | 3% | 1% | 17.890 | 17/s | 4.910 | 4%ne | 11Y%a | 5%16 | 2%6

W14x665 | 196.0 | 21.64 | 21%s | 2.830 | 286 | 1716 | 17.650 | 178 | 4520 | 42 1144 | 5°%16 | 2%6

W14x605 | 178.0 | 20.92 | 207/s | 2595 | 2% | 1% | 17.415 | 17%s | 4.160 | 4% | 11Ya | 416 | 1%/16

W14x550 | 162.0 | 20.24 | 2044 | 2380 | 2% | 1%16 | 17.200 | 1744 | 3.820 | 3%/16 | 1144 | 4'%2 | 1%/

W14x500 | 147.0 | 19.60 | 19%s | 2.190 | 2816 | 1Y | 17.010 17 3.500 | 3% 1144 | 4% 134

W14x455 | 134.0 | 19.02 19 2.015 2 1 16.835 | 16778 | 3.210 | 3% | 11Ya 3'ls 158

W14x426 | 125.0 | 1867 | 18%s | 1.875 | 178 | Y6 | 16.695 | 16%4 | 3.035 | 316 | 11%a | 3%1e | 1%




W Steel Section Properties And Dimensions

W14x398 | 117.0 | 1829 | 1844 | 1.770 | 1% Is | 16590 | 16%s | 2.845 | 27/s | 11Ya | 32 1%
W14x370 | 109.0 | 17.92 | 17'/8 | 1.655 | 1% | 6 | 16.475 | 16Y%2 | 2.660 | 2"/16 | 11%a | 3%16 | 17116
W14x342 | 1010 | 1754 | 172 | 1540 | 1°%16 | /16 | 16.360 | 16%8 | 2.470 | 2'2 | 11%s | 3% 1%s
W14x311 | 914 | 17.12 | 1748 | 1410 | 176 | %4 | 16.230 | 16Y4 | 2.260 | 2Ya | 11%a | 2%he | 1%
W14x283 | 833 | 16.74 | 16%4 | 1.290 | 1°%16 | 16 | 16.110 | 16Y8 | 2.070 | 2% | 11%a | 2% 1%4
W14x257 | 75.6 | 16.38 | 16%s | 1.175 | 1% | °/8 | 15.995 16 1.890 | 17/s | 11%a | 2% | 1%16
W14x233 | 685 | 16.04 16 1.070 | 1'%16 | %16 | 15.890 | 1578 | 1.720 | 1% | 11Ya | 2% | 1%
Wi14x211 | 62.0 | 1572 | 15% | 0.980 1 2. | 15.800 | 15%4 | 1560 | 1% | 11%a | 2% 1's
W14x193 | 56.8 | 15.48 | 152 | 0.890 | ‘Is "he | 15,710 | 15% | 1.440 | 1’6 | 1144 | 2%s | 1'16
W14x176 | 51.8 | 1522 | 1544 | 0830 | /6 | "he | 15.650 | 15°%8 | 1.310 | 1% | 11%a 2 116
W14x159 | 46.7 | 14.98 15 0745 | I 6 | 15565 | 15% | 1.190 | 1% | 11%s | 1'/s 1
W14x145 | 42.7 | 1478 | 14% | 0.680 | 16 l6 | 15500 | 15%2 | 1.090 | 1Ye | 11Y%4 | 1% 1
W14x132 | 388 | 14.66 | 14% | 0.645 | °/s She | 14.725 | 14%s | 1.030 1 11Y%4 | 116 | “he
W14x120 | 353 | 14.48 | 14'%2 | 0590 | %6 he | 14.670 | 148 | 0.940 | “he | 11%a | 1% | /e
Wi14x109 | 32.0 | 1432 | 14% | 0525 | 2 Y4 | 14.605 | 14%s | 0.860 | /s 11%2 | 1% Ig
W14x99 | 29.1 | 1416 | 14's | 0485 | k2 Y4 | 14565 | 14% | 0.780 | ¥a 11%4 | 1'hse Ig
W14x90 | 26.5 | 14.02 14 0.440 | e Yo | 14520 | 14% | 0710 | e | 11Ya | 1%s Ig
Wi14x82 | 24.1 | 1431 | 14Ys | 0510 2 Y4 | 10.130 | 10%s | 0.855 | /s 11 1°/8 1
Wi14x74 | 21.8 | 1417 | 14%s | 0.450 | s Y4 | 10.070 | 10%s | 0.785 | 16 11 1% | s
W14x68 | 20.0 | 14.04 14 0.415 | I Y4 | 10.035 10 0720 | % 11 12 | hs
Wi14x61 | 17.9 | 1389 | 1378 | 0.375 | s e | 9.995 10 | 0645 [ I8 11 16 | e
W14x53 | 156 | 1392 | 1378 | 0370 | s e | 8.060 8 0.660 | Y16 11 16 | “hs
Wi14x48 | 141 | 13.79 | 13% | 0340 | °/16 | 16 | 8.030 8 0595 | /s 11 1% Is
W14x43 | 126 | 1366 | 13 | 0.305 | /16 he | 7.995 8 0530 | 2 11 1°/16 Is
Wi14x38 | 11.2 | 1410 | 14Y8 | 0310 | °/6 e | 6.770 6% | 0515 | 2 12 116 g




W Steel Section Properties And Dimensions

W14x34 | 10.0 | 13.98 14 0.285 | °/16 %16 | 6.745 64 | 0455 | /16 12 1 %g

W14x30 | 8.85 | 13.84 | 1375 | 0.270 Ya Ys 6.730 62 | 0385 | s 12 Y16 g

Wi14x26 | 7.69 | 13.91 | 137 | 0.255 Ya Ys 5.025 5 0.420 | " 12 Y16 °116

Wi14x22 | 6.49 | 13.74 | 13% | 0.230 Ya Ys 5.000 5 0.335 | /16 12 “Is °16

W12x336 | 988 | 1682 | 1678 | 1.775 | 1%a Is | 13385 | 13% | 2.955 | 2%16 | 9% | 3%e | 1'%

W12x305 | 89.6 | 1632 | 16%s | 1.625 | 1% | ®he | 13.235 | 13Ya | 2.705 | 2%e | 92 36 | 1116

W12x279 | 819 | 1585 | 1578 | 1530 | 1'% % | 13.140 | 13Ys | 2.470 | 2% 9/ e | 1%

Wi12x252 | 74.1 | 1541 | 15%s | 1395 | 1% | Y1e | 13.005 13 2.250 | 2Ya ol | 2%16 | 1%16

W12x230 | 67.7 | 15.05 15 1285 | 1°%16 | Y16 | 12.895 | 12778 | 2.070 | 2'%se 9/, 2la 1Y4

W12x210 | 61.8 | 1471 | 14%a | 1.180 | 1% g | 12.790 | 12%a | 1.900 | 1'/s 9/, 2%/s 1Y4

W12x190 | 558 | 14.38 | 14%s | 1.060 | 1% | °n6 | 12670 | 12% | 1.735 | 1% 9/, 2’16 | 1316

W12x170 | 50.0 | 14.03 14 0.960 | /6 2 1 12570 | 12%s | 1.560 | 1%1s 9/, 2Ya 1Y8

W12x152 | 44.7 | 1371 | 13% | 0.870 “Is e | 12.480 | 1242 | 1.400 | 1%s 9/, 28 | 1'1e

W12x136 | 39.9 | 1341 | 13% | 0790 | 16 | e | 12400 | 12%s | 1.250 | 1Ya 9l | 1%h6 1

W12x120 | 353 | 13.12 | 13% | 0.720 | Y1 % | 12.320 | 12%s | 1.105 | 1% 9l | 1%he 1

W12x106 | 31.2 | 12.89 | 12'/s | 0.610 %g 16 | 12.220 | 1244 | 0.990 1 ol | 1™he | Bhe

Wi12x96 | 282 | 1271 | 12%a | 0550 | %716 16 | 12.160 | 12%s | 0.900 I 9/, 1%/8 Is

Wi12x87 | 256 | 1253 | 1242 | 0515 ) Yo | 12225 | 12%s | 0.810 | /16 9/, 12 Is

Wi12x79 | 232 | 1238 | 12%s | 0.470 ) Y4 | 12.080 | 12%s | 0.735 %la 9/, 1116 Is

Wi12x72 | 211 | 1225 | 12Y% | 0.430 | e Ya | 12.040 12 0.670 | e 9/, 1%/s Is

W12x65 | 191 | 12.12 | 124 | 0.390 %l %16 | 12.000 12 0.605 °g 9/, 1°16 | /16

Wi12x58 | 17.0 | 12.19 | 12Y% | 0.360 %s %16 | 10.010 10 0.640 %g 9/, 1%/s 16

W12x53 | 156 | 12.06 12 0.345 %l %16 | 9.995 10 0575 | %16 9/, 1Y4 Y6

W12x50 | 147 | 12.19 | 12Y% | 0.370 %s %16 | 8.080 88 | 0.640 %g 9/, 1%/s 16

Wi12x45 | 132 | 12.06 12 0.335 | %16 %16 | 8.045 8 0575 | %16 ) 1Y4 Y6




W Steel Section Properties And Dimensions

W12x40 | 11.8 | 11.94 12 0.295 | °/16 %16 | 8.005 8 0.515 Y 92 14 %la

W12x35 | 103 | 1250 | 12% | 0.300 | °®hs %16 | 6.560 62 | 0.520 ) 10%- 1 °I16

Wi12x30 | 879 | 12.34 | 12%s | 0.260 Ya Ys 6.520 62 | 0440 | "6 10%2 | “he Y

W12x26 | 7.65 | 12.22 | 12Y% | 0.230 Ya Ys 6.490 62 | 0380 | s 10%- “Is Y2

Wi12x22 | 6.48 | 1231 | 12Y% | 0.260 Ya Ys 4.030 0.425 | " 10%- Is Yo

Wi12x19 | 557 | 12.16 | 12Y% | 0.235 Ya Ys 4.005 0.350 | s 102 | e Y

W12x16 | 471 | 11.99 12 0.220 Ya Ys 3.990 0.265 Ya 102 3 Yo

Al

Wi12x14 | 416 | 11.91 | 1178 | 0.200 | 16 Ys 3.970 0.225 Ya 10%2 | 16 o)

W10x112 | 329 | 1136 | 11% | 0.755 %a % | 10415 | 10%s | 1.250 | 1% 7°ls 1ls Y16

W10x100 | 29.4 | 11.10 | 11Y%s | 0.680 | Ye % | 10.340 | 10%s | 1.120 | 1% 7°ls 134 Is

W10x88 | 259 | 10.84 | 10/ | 0.605 °g 16 | 10.265 | 10%a | 0.990 1 7°ls 1°/s Bhe

W10x77 | 22.6 | 1060 | 10% | 0.530 ) Y4 | 10.290 | 1044 | 0.870 “Is 7°ls 12 16

W10x68 | 20.0 | 10.40 | 10%s | 0.470 Yo Y4 | 10.130 | 10Y%s | 0.770 3 7°ls 1%/s 34

W10x60 | 176 | 1022 | 10Ya | 0420 | he Y4 | 10.080 | 10%s | 0.680 | /16 7°ls 1°/16 34

W10x54 | 15.8 | 10.09 | 10% | 0.370 %l %16 | 10.030 10 0.615 %g 7°ls 1Y4 Y16

W10x49 | 144 | 9.98 10 0.340 | °/16 %16 | 10.000 10 0.560 | %18 7°ls %16 | 16

W10x45 | 13.3 | 10.10 | 10% | 0.350 %l %16 | 8.020 8 0.620 %g 7°ls 1Y4 Y16

W10x39 | 115 | 9.92 9'/s 0.315 | °/16 %16 | 7.985 8 0.530 Y 7°ls 1Ys Y16

W10x33 | 9.71 | 9.73 94 0.290 | %16 %16 | 7.960 8 0435 | /s 7°ls 116 | 16

W10x30 | 8.84 | 1047 | 10Y%2 | 0.300 | /16 %16 | 5.810 5% | 0.510 ) 8%/s /16 Yo

W10x26 | 7.61 | 1033 | 10%s | 0.260 Ya Ys 5.770 5% | 0.440 | ‘hse 8%/s I Yo

W10x22 | 6.49 | 10.17 | 10Y% | 0.240 Ya Ys 5.750 534 | 0.360 %ls 8%/s 34 Yo

W10x19 | 562 | 10.24 | 10Ya | 0.250 Ya Ys 4.020 4 0.395 %l 8%/s 316 o)




W Steel Section Properties And Dimensions

W10x17 | 499 | 10.11 | 10Y% | 0.240 Ya Ys 4.010 4 0.330 | °/16 8%/s *a Y

W10x15 | 4.41 | 9.99 10 0.230 Ya Ys 4.000 4 0.270 Ya 8%/s Y6 "he

W10x12 | 354 | 9.87 9'/s 0.190 | 1 Ys 3.960 4 0.210 | 1 8°/s *g 16

wWsex67 | 197 | 9.00 9 0.570 | %16 16 | 8.280 844 | 0935 | /16 6'/s 116 | 16

wWexs58 | 17.1 | 8.75 84 0.510 ) Ya 8.220 84 | 0.810 | /16 6'/s 116 | 16

wex4a8 | 141 | 850 8/2 0.400 | s %16 | 8.110 88 | 0.685 | Y6 6'/s 1316 *g

wWex40 | 11.7 | 8.25 84 | 0360 | s %16 | 8.070 8s | 0560 | %16 6'/8 116 g

Wex35 | 103 | 8.12 8'/s 0.310 | °/16 %16 | 8.020 8 0.495 ) 6s 1 %16
Wex31 | 9.13 | 8.00 8 0.285 | /16 *he | 7.995 8 0.435 | "I 6'/s Y6 °16
Wex28 | 8.25 | 8.06 8 0.285 | °/16 %16 | 6.535 62 | 0465 | 'I16 6'/s /16 %16

wsex24 | 7.08 | 7.93 7'ls 0.245 Ya Ys 6.495 62 | 0.400 %lg 6'/s I %16

Wex21 | 6.16 | 8.28 84 0.250 Ya Ys 5.270 5Y4 | 0.400 %lg 6°/s 316 Yo

wsex18 | 526 | 8.14 8'/s 0.230 Ya Ys 5.250 54 | 0.330 | °/16 6°/s 3 "6

W8x15 | 4.44 | 811 8'/s 0.245 Ya Ys 4.015 4 0.315 | %18 6°/s 34 Yo

Wex13 | 3.84 | 7.99 8 0.230 Ya Ys 4.000 4 0.255 Ya 6°/s Y16 16

W8ex10 | 296 | 7.89 7'ls 0.170 | 316 Ys 3.940 4 0.205 | 316 6°/s °g 116

Wex25 | 7.34 | 6.38 6°/s 0.320 | °/16 %16 | 6.080 68 | 0455 | /16 44 316 16

W6x20 | 5.87 | 6.20 64 0.260 Ya Ys 6.020 6 0.365 %lg 434 %a 16

W6x15 | 4.43 | 5.99 6 0.230 Ya Ys 5.990 6 0.260 Ya 44 %g 38

W6x16 | 474 | 6.28 64 0.260 Ya Ys 4.030 4 0.405 %l 434 34 16

W6x12 | 355 | 6.03 6 0.230 Ya Ys 4.000 4 0.280 Ya 44 %g 38

Wex9 | 268 | 5.90 5'/g 0.170 | °1s Ys 3.940 4 0.215 | %18 44 %16 38




W Steel Section Properties And Dimensions

W5x19 | 554 | 5.15 58 | 0270 | Ya Ys 5.030 5 0.430 | "I 32 Y16 "he
W5x16 | 468 | 5.01 5 0240 | Ya Ys 5.000 5 0360 | s 32 *a "he
wWiax13 | 383 | 4.16 4% | 0280 | Ya Ys 4.060 4 0.345 | s 2la Y6 "he

**k* **k%k *Kk* *Kk* *k%k **k* **k*

**k*

**k*

**k%k

**kx

**kx

**kx

**k%k
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