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Bethlehem.
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Supervisor

Eng .Sufian Al-Turk

Abstract

Objective of the project can be summarized in the structural design of all
structural elements contained in the project, slabs, beams, columns and
foundations, walls and other structural elements.

It is worth mentioning the code has been used to determine the Jordanian live
loads, seismic loads and to determine the use of( UBC-97), As for the structural
analysis and design of sections has been the use of the U.S. Code

(ACI_318-08), It must be pointed out that he was relying on some computer
programs such as: Autocad2010, Office2010, Atirl2.

We hope after the completion of the project to be able to provide structural
design for all structural elements of the building is complete.

After designing this project and the work of what has been said is expected to
conclude a number of results and projections is to link the information that has
been studied in the courses different, and the analysis and design of all structural
elements and the statement of the impact of each of the elements on the other, and
then the work of structural plans of the Executive will de done Full and detailed for
each in the next semester.
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.

A, = area of non-prestressed compression reinforcement.

Ag = gross area of section.

Av = area of shear reinforcement within a distance (S).

At = area of one leg of a closed stirrup resisting tension within a (S).
b = width of compression face of member.

bw = web width, or diameter of circular section.

C. = compression resultant of concrete section.

C, = compression resultant of compression steel.

DL = dead loads.

d = distance from extreme compression fiber to centroid of tension

reinforcement.

Ec = modulus of elasticity of concrete.

f. = compression strength of concrete .

fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

Ln = length of clear span in long direction of two- way construction,

measured face-to-face of supports in slabs without beams and face to
face of beam or other supports in other cases.

LL = live loads.

Lw = length of wall.

M = bending moment.

Mu = factored moment at section.
Mn = nominal moment.

Pn = nominal axial load.

Pu = factored axial load




e S =Spacing of shear in direction parallel to longitudinal reinforcement.
e Vc=nominal shear strength provided by concrete.

e Vn=nominal shear stress.

e Vs = nominal shear strength provided by shear reinforcement.
e Vu = factored shear force at section.

e Wc = weight of concrete.

e W = width of beam or rib.

e Wu = factored load per unit area.

e @ =strength reduction factor.

e g =compression strain of concrete = 0.003.

e g, =strain of tension steel.

e £, =strain of compression steel.

p = ratio of steel area.
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structural analysis and design

Chapter 4

4.1 Introduction:

Many structures are built of reinforced concrete: bridges, buildings, retaining walls, tunnels, and others,

ain concrete, which possesses high compressive

Reinforced concrete is logical union of two materials: pl _ .
d in the concrete, which can provide the needed

strength but little tensile strength, and steel bars embedde
strength in tension.

Plain concrete is made by mixing cement, fine aggregate, coarse aggregate, water, and frequently

admixtures.

Understanding of reinforced concrete behavior is still far from complete, building codes and specifications
that give design procedures are continually changing to reflect latest knowledge.

Structural concrete can be classified into:

= Lightweight concrete with unit weight from about 1350 to 1850 kg/m’. .
= Normal weight concrete with unit weight from about 1800 to 2400 kg/m”.
= Heavyweight concrete with unit weight from about 3200 to 5600 kg/m3.

nd requi nts:

The design strength provided by a member is calculated in accordance with the requirements and
assumptions of ACI_code (318_08).

v Strength design method:

In ultimate strength design method, the service loads are increased by factors to obtain the load at which
failure is considered to be occurring.

This load called factored load or factored service load. The structure or structural element is then

proportioned such that the strength is reached when factored load is acting. The computation of this
strength takes into account the nonlinear stress-strain behavior of concrete.

The strength design method is expressed by the following,
Strength provided > strength required to carry factored loads.

NOTE:

The statically calculation and the key plans dependent on the architectural plans.

Y Code: ACI2008
UBC
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¥ Material : |
fe'=30N/ mm?(MPa) For circular section

C te: B300...
oncrete ROIRPAMEG)

but for rectangular section (f¢'= 3

; - 2
Reinforcement steel : The specified yield strength of the reinforcement {fy = 420 N/mm?* (MPa)}

Mild steel :  A-36
Connection Type : Weld , Bolts

v' Factored loads:

The factored loads for members in our project are determined by:
W,=12D,+ 1.6 Ly ACI-code-318-08(9.2.1).

4.3 the thicl , b siab:

*heck Thickness of one way rib slab

Fﬁj““ﬁrﬂ—}““ﬁﬁﬂﬁj—ﬁjj_jﬁ—

Im
=3
Ja-

]
)
|

]

|

s

il

]
R,

n_
]

B

=
),
i)
]JT

—

/

)

i
|

i

Fig 4.1: One Way Rib slab R 8)
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v Statically system for (R 8)

LL
DL

e ey

4,7000 5.2000 =

5.2000

AT

—ip—! 40— 12—

Fig 4.2: statically system for (R 8)

The minimum required thickness is:

L 4700 g

—= — =240 mm for two end continuous.
1.6 2.

L 5200 !
Ei: i =248 mm for one end continuous.

Take the slab thickness = 33 em, 27 cm for concrete block , 8 cm, for topping.

---------------------------------------------------------------------------------------------------- A.s.Mla s
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v Statically system for topping

Consider the topping as strip of (1m) width, and span of mold length with both end fixed in the rif,

PO CONGRRSS RO PONe = o, 40 cm PSSR TSRS

Fig 4.3: topping load.

v" Load calculations:
Dead load calculations:

Dead load from: Oxyx1 KN/m
Tiles 0.03x23x1 0.69
Mortar 0.03x22x1 0.66
Coarse sand 0.07x16x1 1.12
Topping 0.08x25x1 2
Interior partitions 1.5x1 1.5
> 5.97

Live load :
L, =5 KN/m* — » 1; =5 KN/m’® x Im= 5 KN/m
Factored load :

Wy=1.2 %597+ 1.6x5 =15.164 KN/m.

Check the strength condition for plain concrete, oM, > M, where g =055
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M, =042 A /f7 Sm (ACI 22.5.1, equation 22-2)
S = 2% = 19008 - 1066666.67 mm” .

oM, =0.55x1xv24 x1066666.67 x107° =1.232 KN.m

M, = Wl? _ 0202 KN.m (negative moment).
12

M,= Wil” _ 0,101 KN.m (positive moment).
24

oM, > M, = 0.202 KN.m

No reinforcement is required by analysis. According ACI 10.5.4, provide Agmin for slabs as shrinkage and

temperature reinforcement.

Pstrinkage= 0.0018 ACI 7.12.2.1
Ay= pxbxhigpping =0.0018 x1000x80 = 144 mm’/m .

Step (s) is the smallest of:

1. 3h=3x80 =240 mm. control ACI 10.5.4
2. 450mm.
O SaAageN o DE 280 | _ -2
35 ~380( - ) 2.5C, = 380 <§420) 2.5 x 20 = 330mm but
280 280
S<300 (F) =300 (247) = 300mm ACI 10.6.4

< Requirements For Ribbed Slab Floor Accordingto ACI- (318-08) .
bw2 106m...ooveiieii . . ACK(8.13.2)

Select bw=12cm

10 =B O b R PR < 5, . SN ACI(8.13.2)
Select h=35c¢m<3.5%12=42cm
e R 22=S0mm S S v e .......ACI(8.13.6 1)

Select tf=8cm
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& The effective flange width (be),
= b <L _ 40002800 _ g0 mm

£ 4
= b, <by+16hs = 120+1

= b, < center to center spacing between adjacent beams =

according to ACI 8.1

6x80 = 1400 mm.
520 mm.

v Statically system and Dimensions.

structur anal

L, is the clear span of the rib.

Shrinkage & Temperatuer Bar's =,

One way ndb $1db

is and design

2.2 is the smallest of:

Control

v" Load calculations:
Dead load calculations:

Dead load from:
Tiles
Mortar
Coarse sand
Topping
Interior partitions
RC rib
Hollow Block

Plaster

/
Holow Block ( 28em ) —

Fig 4.4: One way Rib slab (R 8)

dxyXxbe
0.03%23x0.52
0.03%x22x%0.52
0.07x16x%0.52
0.08%x25x%0.52

1.5x0.52
0.27x25%0.12
0.27x10%0.4

0.03x%22x0.52
%

KN/m
0.3588
0.3432
0.5824
1.04
0.78
0.81
1.08

0.3432

3.3376
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Live load :
Live load /rib = 5 KN/m® x 0.52m = 2.6 KN/m.

Factored load :
D,=12x53376=64 KN/m.
L,=16x2.6=4.16 KN/m. m

W,=10.56 KN/m.

v Flexural Design for (R 8):

Moment for R2:
LL=2.6KN\M
DL=5.34KN\M
7w =
S.2000 4.7000 5.2000
Moments: spans 1to 3
.28.2 .28.2
i
1
]
/1
5
|20 - 342 ! 2.35 : 2.35 | 3.42 55 20 |
T T }
EE

Fig 4.5: loads of rib (R 8)

» Design of Positive Moment :
= Design Span 1 and 3

M, =25.5 KN.m.

Assume bar diameter g 12 for main positive reinforcement

d =h- cover - dstmps-%’l =350-20-10— % = 314mm.

43
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on will act as rectangular or T- section,

Check if a > hy to determine whether the secti

h
Mur =0.85. £ be. hy. (d — )

— 0.85 x 24 x 520 X 80 x (314 — 87) x 10~ = 232.53 KN.m

Mye>> M 28.3 KN.m, the section will be designed as rectangular section with b= be =520 mm.
()

My 25.5%108
— — = 0. 5 5M a.
Ra @bd?2 ~ 0.9xX520x3142 p

1 420
=—2_= = 20.6
0.85f;  0.85x24

L (e TR R ) P S ’ _ 2X206X055 | _
= (1 Leen ) T 206 (1 x 420 ) (04153

Aspeq = p-b.d = 0.00133x520x314 =217 mm’

m

*Check for As min -

As min is the maximum of -
s gy
b %
I Agmin=0.252 120 x 314 = 109,88 mm?
2. Agmin=1c120 X 314 = 125.6 mm? Control
AR = 2lmm’.

________________________________________________________________________

__ 120-40-20—(2X12)

S - =32mm>d,=12>25 mm OK
Check for strain:
Asfy _ 226Xx420
0.85b f} ~ 0.85x520x24 2o mm
e 895
o= 10.5mm

&, = 0.003 (=5) = 0,003 (3225%) = 0.086 > 0.005 Ok

10.5
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= Design of Span 2:

My min= 8.8 KN.m

: . - section,
Check if a> h; to determine whether the section will act as rectangular or T

h
Ma¢=0.85. £ be. hs. (d — —21)
— 0.85 X 24 X 520 X 80 X (314 = 929) % 10-6 = 232.53 KN.m

M > T 9.7 KN.m, the section will be designed as rectangular section with b= b =520 mm.
P

My 8.8x10° 0.2M
— — — - a,
Ra @bd2  0.9%x520x3142 p

S [ s 2Ry N 1 _,_Z_XZE"_O;Z. — 0.0005
p-—m<1 1 420 )—20.6<1 1 420 ) 0

Aseq = p.b.d=0.0005x520x314 = 81.6 mm’

*Check for Asmin -
Asmin= 125.6 mmM?> A req=81.6 mm?
As=125.6 mm?

Select 26010 Bottom ,with As=157 mm? > Agmin= 125.6 mm?

Check for strain:
o:;;yfg e 0.8155::;02:24 = 6.2mm
= % = 06_: =7.3mm
& = 0.003 (9_25) = 0.003 (31:;7.3) Lo o

> Design of Negative Moment:
M,=-18.3 KN.m.

d =314mm
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= Design of Span 2:

M, min= 8.8 KN.m
section,

a . or T-
Check if a > h; to determine whether the section will act as rectangular

h
My =0.85. f/. be. hy. (d — —21)
— 0.85 X 24 X 520 X 80 X (314 = 529) % 10-6 = 232.53 KN.m

My > S o KN.m, the section will be designed as rectangular section with b=be =520 mm.
P

My 8.8x10° 0.2M
= — = U. a.
Rn @bd?2  0.9x520x3142 p

a5 By o fg - 2200X02 ) iG:0005
p—-m(l— L )—20.6(1 J? 420 )

Asreq = p.b.d=0.0005x520x314 = 81.6 mm’

*Check for Agmin -
Asmin= 125.6 mm?> A req=81.6 mm?
As=125.6 mm?

Select 26010 Bottom ,with As=157 mm? > Asmin= 125.6 mm?

Check for strain:
el = et = 62mm
C= Bil = 5% = 7.3mm
£ = 0.003 (£2) = 0.003 (%) = 0.126 > 0.005 ok

> Design of Negative Moment:
M, =-18.3 KN.m.

d =314mm
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design as rectangular section bE=bw=120mm

_ M, __183x10° _ 4 990Mpg
Ro= @bd?  0.9x120%x3142 g P

1 T S O _ 2x20.6X172 ) = 0.0043
=;(1_ 1= )_20.6<1 ! 420

Asreq = p-b.d=0.0043x120x314 = 162.024 mm”

*Check for Asmin -

.........................................................

g= 120-40—210—(z><12) = 36mm > dp, = 12 > 25 mm OK

Check for strain:

_ Aspy 226.2x420
0.85b f)  0.85X120x24

= 38.8 mm

& = 0.003 (£5) = 0.003 (3—1‘%‘:—:533) =0.017 > 0.005 ok

v Shear Design for (R 8)

Shear

-32.9

252~ -26.9 8
-19.2 A74
]
174
23.3 (=192

269 25.2

= 329
/

Fig 4.6: loads of rib (shear R 8)

46
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V., max at the face of support = 32.9KN
V, atd =314 mm from the face of support.
V., max = 25.2KN

Shear strength V., provided by concrete for the joists may be taken 10% greater that for beams. This i

mainly due to the interaction between the slab and closely spaced ribs. (ACI, 8.13.8).
. 1. s
V=" AFE byd = V24 x 120 x 314 X 10 33.84 KN

@ V. =0.75x33.84 =25.38 KN.

@ V,=25.38KN >V, =252 KN
Case (2) for shear Design : Minimum shear reinforcement is required.
Use stirrups U-shape (2 leg stirrups ) 10 A,=2 x 78.5=157 mm’.
5 Vs min= 0.75 X /7 byd X =>0.75 X 5 X byd
o Vs min=0.75X V24 X 120 x 314 X —x 1073=8.65 KN

OR
¢ Vs min=0.75X 120 X 314 X % x 10~3=9.42KN Control
¢ Vs min=9.42 KN

Vemin=sre=12.56 KN

d 284
Smax S 5 St o 157mm Control.
< 600mm
_fyxdXxA4,
S Vsmin

_ 420 % 314 X 157
Srea = T 1256 x 10°

Sreq = 1648.5mm > S5, = 157mm
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v Load calculations:

Dead load calculations:
self weight of the Beam = 0.8X 0.35 x 25 = 7KN/m

> load calculations from (R2):
— 15.63+ 0.52 = 30.06 KN/m)

(DL =28.99+0.52 = 5575KN/m , LL
> load calculations from (R3):

(DL =31.46+0.52 = 60.5 KN/m , LL=15.32+ 0.52=29.46 KN/m)

o . .
v Statically system and Dimensions.
Geometry Ungs meter.cm
1 2 3 3 k-]
1 2 3 s s 7 3
(S L i S i au Toes . o OO
0.25 365 025 365 0.25 3.65 025 3.65 025 365 0.25 365 025 3
L L + + fa ot
ol 39 ; 39 "" EY) i 39 a 39 2 39 i 4
(3 7 ] 9
35
20.
A-A
Losding |
103d group ro. 1 4———4
Deadload - Service
Units:kN.meter
55.8 §5.8 558
£ 55.8 55.8 5.8 .
- 55.8

13 ,1? 5
1 3 : = —ra
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Chapter 4 ,
|
Live load - Service ﬁ K
T 30.1 204 G014 @
30.4 2. 7 i E 35 39 23 2 19 1|
39 39 39 2 !
|
|
1
|
\
i
\
e ‘
f
S UiSmeas Bovefcpe (adomd) - UnRERLIe
Moments: spans..ito 8
5 217. E
e 180.5 4755 -181.2 -166.8 4842 480, @
[RATSE S AKD | Legls 1492 qeas tase 1499 AN 361 4312 ;,
17 1
: .43' 26 & /1'89.. "l |
' A lo. ?
6 0.62 0. dz2 30
1
96.5 112. 108.2 108. 113 e |
161.5 1742 1
166, 234 | 195 195 | 195 195 | 195 195 | 195 , 195 | 195 195 | 175 244 | 24 | 15 | %
I T T T 1 T U T V I U T T T T U 1 |
Shear i
-294.2 1
245.4 246.4 260.7 255.5 -258. -253.2 -269.6 ‘
1976 2119 -206.8 -209.2 204.4 -220.8 2114 f
157.6 |
1
" . ’L {
f T‘ i i i f |
151.1
1888 217.8 2048 20S8.1 206.6
: : 2127 1955
266.6 253.7 257.9 255.4 261.5 2443 2546
303.4
A e,
vor e et —
|t’ s, ol SUSTaty dasly )
it 7\ % Palestiag pej St b
TR R & ® “eiykechnic Universi
ig e {epuy ¢ University
r?:. % "T""‘ ;‘.‘n-TI\e ' i, | 3 . o
AR} ‘_’:}" Lol
) e fary AGsl
;;
)
i
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TR O e v ——

Reactions ‘// \‘ 5

|

Factored M it i = |

1 i |

t 280.5 342.73 126.91 |

DeadR 115"; 3:»:; 3 283.28 296.99 292.19 291.§: e s o |

Li : R 83 59 227 52 216.83 221.58 218.74 2?; -58 ol g 572.95 ool

M':eR 199.88 560.82 500.11 518.57 £10.93 e 348.59 429.02 17.37 |
Mi: R 105.97 .us:ss 352.54 375.91 369.56 376.68 - -

Service 233.75 285.61 105.76 |

243.49 248.07 ‘

. 271.75 236.07 247.49 143.89 52. e

$Z:R Z; i: 142.2 135.52 138.49 136.71 138.68 ;z:-g; piei - :2 |

MixR 14307 419.95 89 28598 g o 276.31 339.54 992

Min R 90.38 331.91 279.36 296.82 291.85 297.44 : . ! _ =

—

Fig (4.7): Beam(B16) envelope

v Flexural Design for (B 16) :

d=350-40-10-18\2 =291 mm
h= 350 mm

Design for positive moment : ‘

1) Mu = 1742KN.m

L S |
TS (O e |
- Iy 420 20.6 :

T 0857/  085x24 = ;

e e O AP T v (R I 2x20.6X2.86
p—m<1 L= >-20.6(1 Jl—T >=0'00737

As=p.b.d =0.00737x800x291 = 1715.74 mm>.

Check for A min -

A I S S S
fy fy

e (28
Asmin =025 800 X 291 = 678.85 mm?

- e =
Asmin=75800 X 291 = 776 mm? Control.

Aspmin= 776 mm* < A, = 1715.74 mm?
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Check spacing :

g  800-40:2-20-©x20) _ 116 m > d)p = 20>25 OK
5

Check for strain:

As, .95 X420
0.85b f¢ 0.85%800x24

c= 'B—l = 2)—8_5. = 57mm ,
g, = 0.003 ("—;—C) = 0.003 (%;—53) — 0.0123 > 0.005 0k |

2) My= 113 KN.m

My, 113x10°
= = = 1.85 Mpa.
Rn @bd2 ~ 0.9x800%2912 p

HECELRC N Ed90
0.85f)  0.85x24

BB N [ g 2ReDeX1Es Y
p—-m(l 1-22 >_m(1 J1 e >_ 0.00462

A, = p.b.d = 0.00462 x800x291 = 1075.5 mm”.

m 20.6

Check for Agmin -
Agmin= 776 mm” < A= 1075.5 mm’

Use4 o 20B0tt0m_,_ Ag@rovidOd '.=12.5.7mm.2..>..A5 required 1075.5 mmZ. Qk

L ALY 0 B S AR Sy R A S

Check spacing :

_ 800—40%2—20—(4X20) _
= - =207mm >d,=18>25 OK

S

Check for strain:

Asfy 1257 x420
0.85b ff  0.85x800x24

= 32.3mm

@ 327
B, 085 38 mm

& = 0,003 (%) = 0.003 (22) = 0.0199 > 0,905 Ok

51
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Design for Negative moment :
1) M,=-184.2 KN.m

M, 184.2 x 106

~ Obd? _ 0.9 x 800 x 2912

Rn

Iy 420 0.6

~ 0s8sf!  0.85x24

1 T At e o 2x20i000 08 ) = 0.0078
p= ;(1 = b ) ~ 206 (1 \}1 420

As=p.b.d=0.0078x800x291 = 1815.84 mm>.

m

Check for Agmin -

Asmin="776 mm’ < A= 1815.84 mm’

Check spacing :

g = 800—40*2;20-(6“0) =116mm >d, =20 >25 OK |

Check for strain:

Asfy, _ 1884.95x420

0.85b f! ~ 0.85x800%x24 = 48.5mm
c= 3% = % =57 mm .
g, = 0.003 (9—;—“) = 0.003 (%) = 0.0123 > 0.005 Ok
2) Mu= - 149.9 KN.m
Rem i = 52999 46 '
i fy 420 ‘

~ 085f! ~ 0.85x24 20.6

1 2.mR 1
== 1=t e 5 gpe 2X20.6%2.4
P m< 420 ) 20.6 (1 Jl Tos ) = 0.00626
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2
As= p.b.d = 0.00626 x800x291 = 1457.33mm".

Aqmin= 776 mm”® < As= 1457.33 mm’

Check spacing :

|
i
§ = 00202 20-C20) - 150 mm > dp = 20 > 25, Ok |

|

Check for strain: \

As, 570.5 X420
My =2 = 40.4 mm
0.85b f,  0.85x800x24

a 40.4
=—=—=475mm
e B, 085 4

£, = 0,003 (£5) = 0,003 (Z5557) = 0.0154 > 0.005 Ok

v" Shear Design for (B 3): |
1. Vu=254.6 KN |

1 7
Ve=z\fcb,d == =V24 x 800 x 291 = 190.1KN
® V=0.75%190.1 =142 57KN |

i 1
Usmin = IgiC,bw d > Vsmin = gbw d

Vsmin = 12/FCbw d = 2-V24 X 800 X 291 =7128 KN
1
Vsmin = 3bwd= X800 291 = 77.6KN control
1 7
vy = 3y/fc'by d =3V24 X 800 x 291 =380.16 KN

P(ve + Vsmin) < Vu = (v, + Vyr)

case 4
0.75(190.1 +77.6) < 254.6 < 0.75(190.1 + 380.16)
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shear reinforcement is required .
Use2leg ® 10. }
Av =157 mm” .

al
V= (Vu— @Vex 5= (254.6-142.5T)% 575~ 149.37 KN

S = dylye'd St 20 * i 128.5mm (control)
- Ty, 149.37 1000
291
Smax = 4 = ——Z— — 145.5mm OT Smax < 600MM

Use2leg® 10 @ 125 mm .

2. V,=197.6 KN

=-ﬁc‘b — = 124 +800+291 = 190.1KN
@ V= 0.75¥190.1 =142.57 KN
Vsmin = 77.6KN
PV, < Vy < W+ Vsmin) ase
075 *190.1< 197.6 < 0.75(190.1 + 77.6)

Minimum shear reinforcement is required .

Use2leg® 10 .

As =157 mm” .
d 291
Smax = 5 R = 145.5mm (control) or sp,, <600mm
o Aufyed 157 x 420 x 291
Gt Us min 77.6 X 1000 247.275 mm > Sinas

take S = 145mm < S0 = 145.5mm
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4.9 Po. (S3) :Design One Way Solid Slab :-

e For continuous

e
—

f \

| Gu———

W e ¥

. : , i tion
° *B300..../¢'= 30N / mm®(MPa) For circular sec

|

\

but for rectangular section ( fe'=30%*0.8 = 24MPa) . ‘
|

° The specified yield strength of the reinforcement {fy = 420 N/mm? (MPa)}
° Live Load (LL) =5 KN/m?.

Live load(KN/m?2) : Je! el fy |
LL =5 KN/m2 fe'= 24 Mpa fy = 420 Mpa i

* Factored Loads :-

q.=1.2DL + 1.6L ACI=313-089.2.0)
* Slabs Thickness calculation:- ‘

The overall depth must satisfy ACI Table (9.5.a):
= from  ACI-318-08 table (9.5a)

Min h ( deflection requirement ) > :

- One end continous :

£=u=0.3m
A 94

For One way solid slab ,will use thickness of slab 35 em « h min = 30 cm.

Thickness of slab provided

Thickness of slab required
hi=35'cm

30 cm
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* Load Calculation:- o used in the analysis and

b
For the one-way solid slabs, the total dead load to

design is calculated as follows:

** Determination of Dead Load :

Solid Slab Load Calculations/ strip 1m wide

material . gama | h _b_ KN/m

RC slab 25 0.35 1
~ Tiles 23 0.03 1
Mortar 22 0.03 1
Corse Sand 16 0.07 1

- Plaster 22 0.02 1 |

|

i

Live Load 5 1 l

Reaction Support from (S4)
DL =132 KN\m ; LL=5KN\m

For One way solid slab , as shown in fig.

Geometry Units:meter,cm
1 2 3
A o
P
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Loading l‘

Units:kN,meter |

~—Toad group no. 1 i
Dead load - Service ‘
13.2

132 ’

i 71

6.2 .

Load factors: 1.20,1.20/1.60,0.00

Live load - Service j

Fig.(4-8): Spans Length of One way solid slab (S3) .

* Moment and Shear Diagrams:-

The Development Moment diagrams for beam has width =1m , and the thickness is 35

cm as following :

Moment/Shear Envelope (Factored) Units:kN,meter |

~—Moments: spans 110 2 _ %

-133.6 r
1173 -116.9 ;‘
i
: 2.361.9
r I 1 g
| (0 1
T47 +—
. 1.4511.37 h
9.6 — | | 8
67.3 ‘
97.9 {
|
— o 3.72 4.26 284 |
| = | ; |
Shear
-95.6
-84.8
-68.3
-63.6 A
1 ; 2 ;s
L B
1
LM/
56.7
9
103.4 28
Reactions
S
Factored
i i —
DeadR 34.79 1;3 ;- t iﬂ
LiveR 21.91 15
Max R 56.7 66.74 :i:::
MinR 30.45 198.9
Service 162.37 68.34
DeadR 28.99 41.21
LiveR 13.69 110.13 |
Max R 4268 41.72 36.44 ?
MinR 26.28 151.84 15.38 |
120.01 51.82
34.86

Fig (4-9): Solid (S3) envelope

57/
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* Design of slab:-

e For shear:

: r:
check whether thickness 18 adequate for shear:

V, o = 92.8 KN/ 1m strip

dVe= %*cp* 7o' *bw*d

L4 75%24 *1000*0.324 =198.4 KN / 1 m strip

OVc=1984>V, 1 = 92.8 KN/ 1m strip
The thickness of the slab is adequate enough.
u,max ) S : S
92.8 KN 198.4 KN
e For negative Moment:
Assume bar diameter @12 for main reinforcement
d=h-20-db=350-20-(12/2) =324 mm
h AR a d
350 mm 12 mm 324 mm

Mu=-117.3 KN.m

L Vo e 1 4200

= ke =20.5

0:85* e 0.85*24 9
Ry = Mu /¢
I e

R L7 3*107°/0.9
1.0*(0.324 )2

P=L(1-\/1_M)
o W

| 2(20.59)(1.24)
= s 4
P~ 2059 \/ 120 ) =000305>p,.=0.0018 ok

As=p*b*d=0.00305* 1000 * 324=

= 1.24 N/mm” (Mpa)

As (mm?2) m

b
— A SO




; -318M-08 — (10.5.1))
Check Minimum Reinforcement As min...(ACI

—0.0018 %1000 *350 = 630mm’ (control)

AS mln pmm*b*h

= Use ®12/10 Em Asprov = 1131 mm’/cm

step ( s) is the smallest of &

<380(3‘ﬂ) 2.5%C,
E3
<380*(3§9) 25*20—380*(—45) 2.5 * 20 = 330mm

 y=300 mm (control)

280
37y g
=8 h= 3*350=1050mm
<450 mm.

- Check for strain:
Tension = Compression

A % f=0.85% fc' *b*a

1131*%420 = 0.85*24*1000 *a

a=2329m

c== s 23 29—274 mm
ﬂl 0.85
324-274

£, =——

274
g, =0.032 > 0.005—— ok

*0.003

( Temperature and Shrinkage ) :

— p =0.0018
Asmin=p_. *b*h  =0.0018*1000 *350 = 63072 (control)
Use ®10 @ 100 mm
step ( s) is the smallest of :-
= 1* hi= 5% 350 = 175 Ok
<450 mm. (control)

e For Positive Moment :

Assume bar diameter ®12 for main reinforcement
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——7

(12/2)= 324 mm

d=h=20/—db=350-20 - 7 | d
TR R G S Se(D FAm ’—%

7350 mm

Mu=+97.9 KN.m

0.85*fc' 0.85*24
_ Mu / ¢
bt

_97.4*107°/0.9 _1 03 N/mm’ (Mpa)
1.0 % (0.324 )?

_1 2m * Rn
1- ___—_—)
A ( \/1_,/

e | 2(20.59)A.03) y_ 4 00251
p‘—_(l’\F .

20559
As=p *b*d=0.00251 * 1000 * 324= 813.24 mm*m

As (mm2) m RoMpa) P M
813.24 20.59 1.03 0.00251 97.9KN

Check Minimum Reinforcement A s min...(ACI- 318M-08 — (10.5.1) )

As min=p,_ *b*h =0.0018*1000 *350 = 630mm*  (control)

As > Asmin
b A smin =630 mm* < Asreq =813.24 mm’> .OK .l
Use ®12@100 mm
step ( s) is the smallest of :-
<380 (%")—2.5 *C,
<380 * (%)—2.5* 20 =380 * (722 _2.5 * 20 = 330mm
3 =* 420
280/ 280 ;
< 300(55) =300 * (3) = 300 * (222 )= 300 mm (control)
3y =% 420
<450 mm. g

- Check for strain:

Tension = Compression




A *fy=085%fc' *b*a
1131 %420 = 0.85*24*1000 * @

a=23.24m
c——a—=2—2—4—27.4mm
B, 085
= M *(.003
< 27.4
2, =10:082:> 0.005——> ok

&

Positive Moment :

Muy=+67.3 KN.m

e~ 20 _9p59
0.85 *fc 0.85*24

Ri= Mu /¢
b*d?

-3
_ 67.3*107/09 _ 712 N/mm® (Mpa)
1.0%(0.324 )?

o 2(20.59)(0.712)
=8l . - =0.00173
& ( \F 420 )

As=p*b*d=0.00173 * 1000 * 324= 560.52 mm?*

As (mm2) m Rn(Mpa) Sl | Mu
560.52 20.59 0.712 0.00173 67.3 KN

Check Minimum Reinforcement A g min...(ACI- 318M-08 — (10.5.1) )

As min=p.. *b*h  =0.0018 %1000 *350 = 630mm>  (control)
As < Asmin

A smin =630 mm? > Asred =560.57 mm
sreq =560.52
Use ®10@ 100 mm  mm?
step ( s) is the smallest of :-

2
<380(ﬂ) 05

280
= 300(280

<450mm ) 300 (z s 300 mm (control)

*420) 2.5 * 20 330mm

il




A% fy=085%fc *b*a
1131%420 = 0.85*24 %100
a=23.24m

L zﬂ =27.4mm
B, 0.85

e 324 -274 £0.003

2 27.4

g, =0.032> 0.005——> 0k

0*a

C =

&

Positive Moment :

Mu=+67.3 KN.m

o] o045 | S _i___—zo 59

_ Mu /@
p®d?

_ 67.3*107 /0.9 _( 712 N/mm’ (Mpa)
1.0*(0.324 )~

p=i(1- 1_?_m*Rn)
m Ny

il \[ 220590.712) y _ 00173
20.59 420
As=p*b*d=0.00173 * 1000 * 324= 560.52 mm?
As (mm?2) m Rn(Mpa) p
560.52 20.59 0.712 0.00173

Check Minimum Reinforcement A 5 min...(ACI- 318M-08 — (10.5.1))

As min=p., *b*h  =0.0018%1000*350 = 630mm® (control)

As < As;ﬁ

H
!

=  Asmin=630 mm® > Asreq —560.52 mm
Use ®10@ 100 mm

step ( s) is the smallest of :-

<380(@) 2.5%C,

<380 * (Zio) 25*20—380*( 280
2

: ~ )~ 2.5 * 20 = 330mm
0

= 00(Z7) =300+ (s 300 * ( 20
<450 mm. sz

) =300 mm (contrOl)




_ Check for strain:

Tension = Compression

A *fp=085%fc' *b*a
785.4% 420 = 0.85* 24 %1000 * @

a=16.17m
¢ _a _1617 19 02mm
B, 0.85

- 324-19.02 0.003
i 19.02
g, =0.048 > 0.005 ——ok

&

( Temperature and Shrinkage ) :

—p = 0.0018
As min=p,;, *b*h

Use ®10 @ 100 mm
step ( s) is the smallest of :-

—~0.0018 #1000 *350 = 630mm®  (control)

<5%*h=>5*350=1750 mm
<450 mm. (control)




Column Column Dimensions fe' b
Col. 20 50cm*20cm 28 Mpa 420Mpa
C20:
DI = 614KN
Ll=213 KN
Pu=1077.6 KN

° In0.5Sm-Direction(about yaxis)

Lu: Actual unsupported (unbraced) length.
K: effective length factor (K=1 for braced frame)

R:radius of gyration — \/Z ~ 03 h [
A Sl e Ry rectangular section

1y

_

A




Lu=3.7-0.35=3.35m :
Ll ACI 318-2002 (10.10.6.3) The effective length factor, k, shaj be
K=1, According to = -

permitted to be taken as 1.0.

7 T ACT - (10.12.2)
, M2
1x3.35

0.3x0.5 £ .
= short Column in 0.5m:direction

=21.7<22

° In 0.5Sm-Direction (about x axis)

o M1 —0.122)
MU 3q_1p ML ACT -(10.12.
T M2

Lu: Actual unsupported (unbraced) length.
K: effective length factor (K=1 for braced frame).

R: radius of gyration = \/5 =0.3h

Lu=3.7-0.35=3.35m

M1/M2 =1

K=1, According to ACI 318-02 (10.10.6.3) The effective length factor, k, shall be
permitted to be taken as 1.0.

1% 3.35
D ke
03%02 3>22

~long Coloumn 0.2m  direction

ElI=04 L
=0. ﬁ ................ [4ACI318 -5 (

E. =4700/fe" = 4700 x .35 _ 25135 Mpq
A b2 D)E _1.2*614
L= P —T77_6‘=0.68<1
bxh® 0.5x0.23
2 5 =T=O.()O()33m4

Bl - O.4x25135 x0.00033
o =1.97 N 2

£q.10-15)]

T¢

-




B e ACI318—05(Eq. 10~13)
cr (KLu)2 .

7 — R SRR Y
© = {1.0x3.35)

ACI 318 - 05(Eq.10 —16)

M1
Cm =10.6 + 0.4(M—2)

G 2. According to ACI 318 — 05 (10.10.6.4)

G ACI 318 - 05 (Eq.10 —12)
ns 1— Pu
0.75P,
1
5"-5': 1077 ,6 —1.2>1

1 T ot SR S
0.75 x 1730

Cmin =15+ 0.03 x5 =15 4 0.03 x 200 = 21y — 0.021 m
€= Cmu X3, =0.021 x1.2 = 0.0252 py

e 0.0252
h 02

=0.126

¥ =500-40X 2-10x 2 —25-37¢
¥
=075

OXpn B, 145
4 45 *Topo
@ X pn
4

=1.7Ksi

From the interaction diagram in chart:

Vi Oxpn
F - = — y
or==10.75 e 1.6Ksi P=0.01

Yo

‘




Select the longitudinal bars:

2
A, =p xA;=0.01 x500 * 300=1500 mm

~use4 @25 = A, = 1963.6 mm?

1.10.3 Design of the Stirrups:
The spacing of ties shall not exceed the smallest of’-

Spacing <16 xd, =16x2.5=40 cm
spacing <48xd =48x1.0=48 cm
spacing < least.dim . = 30 cm

Use ¢10 @ 20 cm

i




4-13 Po.(ST1A): Design of Stairs

FL1

¥“
\

2

@

Fig (4-10) : Stair (ST1A)
NOTE: (Material)
* B300.... /¢'=30N /mm* (MPa) For circular section

but for rectangular section ( =

30%0.8 = 24M/Pg) .

Determination of Thickness:

On s (for simply Supported one way solid slab)
h,min=1/2¢

h,min =4,081 20— 20.405 IS e take h= 25 cm
= Use h = 25¢m. .

0=tan"(17.5 /30)=30.3°




Load Calculations

Dead Load calculations of Flight :

0.25 x25x1
ST =7.24 KN/m
flight = cos 30.3

0.03 x 22

=———=0.76 KN/m
Plaster cos 30.3

0.175 % 23
triangl concrete = ———— = 2.01 KN/m

horizontal mortor = 0.03 x 22X 1 = 0.66 KN/m
0.03 % 23 x 33

horizontal tile = =5 =0.76 KN/m
0.03 x 22 x 17.5
vertical mortor = 30 = 0.39KN/m
0.03 x 23 x 17.5
vertical tile = = 0.40 KN /m

30
Total load (DL) = 12.22 KN/m

Live load (LL) = 5.00 KN/m

Dead Load calculations of Landing :

Total load (DL)=5 KN/m

Total Factoreq load,,,, W= 1.2D1, + 1 6LL)

L.2%12.22+ 1 g#s 22.66 KN/
Bor'wee = = [.2# 2
landing 5 -2 9-36+ 1-6*5

For Wﬂ,-g;,, W

= 1905 N

68




- Structural System Of Flight :
22.66kN\m

25
37.39
—= 40

330 ———= 40 -

Check for shear strength For Flight:

Assume @ 12 for main reinforcement:-
d=h-20-db/2=250-20-12/2 =224 mm
Vu =3739KN

0.75*%+/24 #1000 * 22
¢Vc=$4=137.17KN/m

Yu=37.39 KN < #Ve=137.17KN .

Thickness is adequate enough

¢Ve (KN)
1371788

® Design of Flexure:

Moments: ¢ ns Tto 1

205
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3003 )

/

~30.03 sl #1

(4-11): Envelope diagram Flight (ST1A)

- Design for Flight:

Mu = 45.88 KN.m

Mn =Mu /0.9 =45.88/0.9=50.98 KN.m/m

d=h-20-db/2=250-20-12/2 =224 mm

v Mn

L

5 50.98*10°
1000 * 2242

N4
0.85x fe'

=1.02MPaq .

n

m =

420

M= —= ()6

0.85x24 =




- Step ( s) is the smallest of :-
1. 3*h=3*250=750 mm
2. 450 mm

5380(27850)—2'5*Cc * (222 ) 2.5 * 20 = 330mm
<380 * (22)—2.5% 20 =380 * (1,
< o

3

3 < $ (22 )=300mm ... (control)
< 300(%) =300 * %9 = 300 (2*420)

37y

- Check for strain:
Tension = Compression

A*f=085*fc' *p*q
753.3%420=0.85%24*1000 * o
a=15.51mm
=LA T

B 085
5 o 224-18.25
. 18.25

& = 01083 =10.005-==5 5%

*0.003

Temperature & Shrinkage reinforcement:

AS yintage = 0.0018x b x Jy 0.0018x1000x 250 = 450mm? /m

Use @ 10 @ 15cm » AS prov = 5,27 cm2/m strip

- Step () is the smallest of ..

|- S*hi= 5% 250 =1250 mm
2.450 mm — contro]
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- Design for landing (LAI) part1:

19.23KN\m

| ‘

3.557

—

Structural System Of Landing (L1A)

Moments: spans 1to 1

i 1.78
Shear
| 303 342
| 325323
' |

(4-12): Envelope diagram of Landing (L1A)

Vu=323 KN/m
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0.75%+/24 ¥1000* 224 _ 137 17 KN / m
PVe = 5

vu=32.3 KN/m< ¢ve=137.17 KN/m .

- Thickness is adequate enough

- Calculate the maximum bending moment:
Mu = 30.5 kN.m/m

Mn =Mu/0.9=30.5/0.9=33.9 KN.m/m
d=h-20-db/2=250-20—-12/2 =224 mm

_ Mn
2 bed?

N 9r0°
" 1000%*2242

A4
0.85x f'

=0.68MPa .

m s =

420
0.85x24

1 2mR 1 *
p="|i_ [j_2mR, | _ [{_2*20.6* 63
m[ 7, ] 20’6(1 t 0 |=0.00164

45,,,= 0.00164*1000%224 — 3.67 cm®/m> 4,

m =

20.6

= 4.50cm’*/m..., OK

A8 =0.0018 % p % 5, _ 0.0018*1¢
Use @ 10@ 15 cm

00*250 = 450mm? /m

73
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- Step ( s) is the smallest of :-
1. 3*%h =3* 250 = 750 mm
2. 450 mm

-5 20 =380 (o
<380 *(7—)—2. =+
P 280y — 300 * (£ ) =300 mm (contro])

51y
< 300(% =3OO*(§—E Z, 420

- Check for strain:

Tension = Compression

A *f=085*fc' *b*q
526.7%420 = 0.85%24 %1000 * g
a=10.84mm
S o
B, 0.85

224-12 76
RTY
&, =0.0496 > 0.005— s o

*0.003

Temperature & Shrinkage reinforcement:

AS Sintage = 0.0018x b x 1 = 0,0018 1000x 250 = 450mm? /m

Use ®12@ 20 cm » AS prov = 5,65 cm2/m strip
- Step (s) is the smallest of .-

= 5050 10505
2.450 mm — contro]
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- Design for landing (LA1) and (LA2) part2:
12.22kN/m

A

|

20.163kN

~n

20.163kN
TR e e 3.30 40 ——

Reaction support from dead load on flight

SkN/m

9.36+20. 163=29 5kN/m

[Ty

s, L




5+8.25=13.3

R

X

Y17 A————————

f i !

23.67
23.67

Structural System Of Landing (L1A) (L1A) part2

(live load)
Shear
4
//ﬁ
' 84.5
100.9

Moments: spans 1to 1

1.78 89.8

1.78

/

|

4-13): E i
( ): Envelope diagram Of Landing (LAD) and (LA2) part2

Vu=845 KN/m




.

_ Thickness is adequate enough

i t:
_ Calculate the maximum bending momen
Mu = 89.8 kN.m/m
Mn =Mu/0.9=89.8/0.9=99.78 KN.m/m
d=h-20-db/2=250-20—12/2 =224 mm

i Mn
e bd2
SO
" 1000 * 224>

m = y
0.85x fc'

=1.99MPa .

420
0.85x 24

1 2mR, | 1 2%20.6%1.99
o T e 20 O L s
m[ % ] 20.6[ 420 )

4s,,= 0.005*1000%224

=20.6

=11.18 cmz‘/m>Asmin =4:50cm*/M. 0K

A0 =0.0018 %5 % = 0 0013 #1000 *250 = 45072 /m
Addition to @ 10/1 5 in landing, yse gy

Mu KN.m m Rn

ASreqcom?) [ Aspn(cn?) | S
e | 906 ionie 0.005 T '“ngm) 150 |

10/20 at bottom...select 33310 in 40cm

® Temperatyre & Shrinkage reinforcement'

Ass,,,,nkage =0.0018x bxh— 0.0018

*1000x 250 = 45 o/
Use @ 1 .
0@ 15 cm c/e, As Prov = 554 33 m
Step () js the Smallest of oy 5
1. 5%h = 5+ 250/= 1250
2.450 mpy, _ Contro]
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S(mm) | dp (mm) I

150 D10 ’

2
AS Shrinkage (m m : )

- Landing (LA3) :

19.23KN\m

0.75

Structural System Of Landing (LA3)

Shear

-12

7.2

R

Moments: spans 1to 1

e e




- Design for landing (LA2) part 15

7.22kN/m

25 . 1.06

o > ____.\s/

Structural System Of Landing (LA2) part 1

Moments: spans 110 1

T

4-15

: Envelope diagram Of Landin A2




- Thickness is adequate enough

i nt:
- Calculate the maximum bending mome
Mu = 38.8 kN.m/m
Mn =Mu/ 0.9 =738.8/0.9 = 43.11KN.m/m
d=h—-20-db/2=250-20—12/2 =224 mm

L Vn
n—b'dZ

_ 44.33*10°
" 1000 * 2242

nL= hid
0.85x fe!'

=0.86 MPa .

420
0.85x24

* *
kgl 2mR, o 1 1_\/1_2 20.6*0.86 —0.00200
m Jet] - 206 420

=20.6

m- =

As,.,= 0.00209*1000%224 = 4.68 om*/m> s, = 4.50cm?/m.... OK

Asmin=0.0018*b*h=0.0018*1000*250 = 450mm* /m
Use ® 10@ 15 cm

- Step (s) is the Smallest of ..
1.3*h=3% 250 = 750 mm

2. 450 mm
5380(%)-2.5*(:c
5380*(32%:)_2_5*20 =380*(& 5
<300(2i°) =300 * ( 280 5*420)§2'5 20 =330mm
= fs Ui = 300 * ;280
3y ) 00 mns (control)

3
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h
- Thickness is adequate enoug

i ment:
- Calculate the maximum bending mo

Mu =38.8 kN.m/m
Mn =Mu/0.9=38.8/0.9=43.1 1KN.m/m
d=h—-20-db/2=250-20-12/2 =224 mm

_ Mn
n—b'dz

P 4433%10°
" 1000 * 2242

m =0
0.85x fe'

=0.86MPa .

420
0.85x24

* *
el et DmR, L 1 1_\/1_2 206%086)_ 0o
4 I 206\ - 420

L= =20.6

4s,,= 0.00209%1000%224 = 4 68 om®*/m> As,. = 4.50cm*/m. ... OK

Asmin =0.0018*5% 1 = 0.0018 *1000 * 250 — 450mm? /m
Use ® 10@ 15 cm

- Step () is the Smallest of ..

L. 3%h = 3% 250 = 750
2. 450
S380(Z2)- 2.5 C,

5380*(%’)—2.5*20 =

< 300 (22) =300 * (280 _ e

z _280
aly -

80

‘

S(mm
150

80
5*720)*2-5 0=

0
3* 420 ) =300 mm (COHtI’Ol)




- Check for strain:

Tension = Compression

A * fp=085*fc' *b*a
526.7%420 = 0.85*24*1000 *a
a=10.84mm
C=i=1—o'ﬁ=12.76mm

B, 085

. _224-1276

; 12.76
g, =0.0496 > 0.005——> ok

*0.003

® Temperature & Shrinkage reinforcement:

AS giage = 0.0018x bx 1 = 0.0018 x 1000 x 250 = 450mm*/m

Use @ 10 @ 15 cm, As prov = 526.67 mm?2/m strip
- Step ( s) is the smallest of :-

1. 5*h = 5% 250 = 1250 mm
2. 450 mm — contro]
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4-10 Po. (W) :Basement wall

4-15.1:- load calculation :

= =30,
Fe'=28 MPa, Fy=420 Mpa, Y/s=18KN/m’, qall=400KN/m", ¢
surcharge =5’KN/m2 , wall thickness =20 cm

(I =

0.35

S

Fig.(4-16) basement wall
K=1-sing = 1-sin30 =05

Ws=K*hxy=05x%315 4 18 = 28.35KN /m?
WSu=K*P=O.5*5=2.5KN/m2
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Factored) :
From Atir we have moment and shear envelop (
s e

_Moments; _spans _fto 1

f L
L
]
/ 21.1 1.42 |
. ias S ————,
Shear © 337
[ 292
! b T e
[ 188
|
{
sy

Fig.(4-17) shear and moment diagram

4-15.2:-Design of Bending Moment
D=250 - 40 - 10/2=205 mm
Mn

R

e 2Ll o
—\=
0.9*1000%208 ~°Ma.

V4
0.85x '

m =

S
0.85x28 /65

A% 2m
p—;[l— /1—?&%# i- fi_ 2*17.65%05¢
e 17.65 W =0.00135
Asreq = 0.0015*1000*150= 225mm?/m

m

5 Contro]
P=000135 < . i
Check for Spacing Pmin = 0.0015 s OR
3h=3*300=90()mm
S=450
U
¢ D 10@ 20 o » AS proy = 3927 mm?,
: In
83
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From Atir we havi

_Moments:_spans 1to 1 .

e moment and shear envelop (F actored) :

——y

;7
21.1 1.42 |
1.73 e o e i )
Shear N Rt e T
,F 292 i ,'
f
.L =
18.8 ;
o i S LI

Fig.(4-17) shear and moment diagram

4-15.2:-Design of Bending Momen
D=250 - 40 — 10/2=205 mm

AT Mn

b-d?

21.1%10°
e =

& 0.9%1000%205 ~ ->6MPa.
ppss Y

0.85x f¢'
> 420

" 0.85x2g 1765

=1(1_ @]
7 7

= 1 1
1765 -

1- 21765705

t

=0.00135

420 J
Asreq = 0.0015*1000*150= 225mm?/y

P=0.00135< ..
Check for Spacing o

3h=3*300=900mm
S=450

“-....CONtro]
n=0.0015 S O

US >
m

8

‘

3




in i ch side
For horizontal bars use the half of the min. 1n €2

2
0.5*Ashm,-n=0.5*0.0025*200*1000=250 mm‘/m

Use ¢ =8

Use for horizontal bare ¢ 8@20 cm in each side .
de to hold the horizontal bares

Use ¢10@20 cm for vertical in outer si
Check for strain:
Tension = Compression

A*f=085%f' *b*a
392.7*420 = 0.85*28 1000 *a

a=6.93mm
C=i=ﬂ§—=8.153mm
B, 085
e 0 813 o0 005 200068
8.153

g, = 0.0068 > 0.005 ——s ok

4-15.3:-Check for shear
B 0.75
PV, = g\/?C"*b *d =——v28%1000 * 150 x 1073 = 992N

OV, > Vu
992>292

The thickness is enough
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Structural Analysis & Design \

Fc =28MPa
Fy = 420 MPa
t=35cm .shear wall thickness
Lw = 7.44 m .shear wall width
Hw for one wall = 3.85 m story height

4 -18 - 1: Design of shear
Z B = y"="307" KN

4-18-1-1: Design of the Horizontal reinforcement:

The critical Section is the smaller of:
ﬂ'—- Zil—= 3TZm... ... control

2 )
By 1815 9.075 m

2 2

storyheigh (Hw ) = 3.85m
d=08xlw=08x744 =595 1

5
Q’Vnmax = (Dg\/?c—,hd
=0.75%0.83 + V28 » 350 x 5952 4 19-3 — 6862KN > 1,

Ve is the smallest of -

= 1
jie Vc=g\/fhd=g\/_2§*350*5952*10‘3

- = 1837.2KN
2=V, =027/fhq + 22 _

A VE'hd + 4l,, = 02728 %350 4 5957 4 ¢ 2976.28KN

07 4 a 2\)

3—- V.= 0.05 (

2 \fﬁ+‘ L [005\/\+744(01\[—+0) 350+ 5%

2044.85K i’ -

4784 - 31876 M, — 31317 T

s e o 3643.7KN 1,
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Chapte, 4

Structural Analysis & Design \

BEiy g
307

1
i i cement
v 307 KN< 2 *() 75%1837.2 = 688.95KN No need reinfor

- Minimum shear reinforcement is required:
Take # =0.0025

- Maximum spacing is the least of :

Lw

cie L BT

5
3*h =3*350 = 1050mm
450 mm ... ... Control
Try ¢12 (As = 113.1 mm2) for two layers
Avh 3
P e 271131 5
\300*S2 0.0025
S2=301.6 mm , $12@200 mm

—used12@300 mm in two layer

4 -18-1-2: Design for Vertical reinforcement:-

h 20
i 744 y
Pvmin > 0.0025 + 0.5 (2.5 - hTw) (p:—0 0025) > ¢ 0
2 .0025

For this wall with w =3 g9 2.5 , pmin _ o 00

D =0.0015
Select @ 10 @250mm, Iy two layey
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e Design of Isolated footing (Under Col. 48):

’

U

ﬂ z
420 Mpa

[ 28 Mpa I

— i

e Load Calculation:-
- From column (15): (DL &LL)

* Service dead load ( DL) = 1150KN.

* Service live load (LL) = 720 KN

* Column dimensions =25 cm*70 cm

* Allowable soil pressure = 400 KN/ m?

LDL(KN) I LL(KN) | Column
dimensions

all

1180 = 730 [ 25*70) cm

4

. S0il pressur
00 KN/ m?

° Calculating the weight of footing:

- Weight of footing ( assume ’eome 90cm)

Y oy = 0.9%25 =22 5 KN/m?

- Required sizes of footing:

Arequired = P» — __ 11504720

et 400-5_(09*25) = 502 m2

Try 2.2* 2.6Area =5.72 m2




qu
Pu

Try area

[l 2.2m* 2.6m | 2532 KN 442.66KN/m2

o Determine the Depth of Footing Based on Shear Strength:-
Check for One Way Shear Strength

Vu=(§__g_d)*qu*b=(7_7-d *442.6*2.6=112. [T j
A
¢VC 3 %\/58—*22 P 103 Inclined crack
Let, ¢VC = Vu Critical section foy !
d=0.43 one-way shear
=v.aom.

hreq =770+75+20 = 525mm

Try h=600 mm ..... d =600 — 75 — 20= 505
mm

- The Punching shea strength is the
€quations:

il 2 ;
Bl ¢‘€(1 +ﬂj)\ffc\ bd

I
gl o, :
@v (ba/d +2)\/Zb,,d

i ¢-31\/fe\'bad

Where:




5)=4.02m.

50
)24 7550 #442.66 = 1863.6kN

#(0.75+0.505)

b, =2 *(0.25+0.505

Viu=((2.2*2.6)—((0.25+0.505)
a =40....... for interior column

3—
J =2 (+§-)*J§§*4.02*0.505*1o — 2238
6

1
¢'VC =¢g(1+ ﬂ

c

o 0.75 M+2)* 28%4.02*%0.505%10° = 471645k
o ¢12(b /d 2]“fbd__17 4.02

$7, = ¢1\/_bd—075* 28%4.02+0.505*10° = 2685 57kN

u=1863.6 KN > ®Vc =2238 KN....co0o00eecence

e Bending Moment of both direction.

h (mm) d (mm) b(m)
600 505 2.6

9
Mu =442.66%(2.2/2-0.25/2)*2.6 = 1122.14 KN.m

Bl Ay
" Uss*  Ogsezg 1163
Rn= Mu/¢ _ 120136*10%/0.9

b*d? 2.6*(0.505)>

1
p:_(l_ 2mRn)

=1 [ 20765001
o 1765(1 @F0.00S

ASreq =0.005 (2600) (505) = 6565 mn’ > Aspin

=1.88 Mpa

= 2808 mn? ... control

ASnin =0.0018*b*h = 014 (2600) (600) = 2808 s

T
ake 14® 25 » As,provided = =68.6 cm? - Rgcsses
§=2200-75%2 _14% s Tequired = 65.65 cm?

13 =131mm

- Step(S) is Smallest f:

2 _450 = Contro]
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13

Rn P Asraq( 17 )| ASminl )| Asyy 1, S(n
Mu(KN.m) | m 3 - sir =
1122.14 17.65| 1.88 Mpa 0.
- Check strain
Tension = Compression
A x fy=0.85x f,xbxa
6860x420=0.85x28x2600xa
a=46.6mm
46.6
=——=548
% .85
gm0 A8 e 0005501005, 0k
2 54.8
As mnr’) a (mm) ¢ (mm) z
6860 46.6 54.8 0.025
° Development length of flexura] reinfomemem:

Ld for @ 20:
anﬁX}/xl
Vgg‘ (k +c)

db

Ld‘*x

Available length = ((2200-250)\2) 75=
..ok

900mm > 458,

- In footing ;

DPnb = D(0.85 f'4 X\/\)
A=

025*0 \017

‘

=900
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'{11= —-5—'2=5.7>2................
4 V0.175

®Pn.b=0.65x(0.85x28 x0.175)*1000 =

®Pn = 2707 .25 > Pu =2532 .........
The Dowels are Not needed for footing:

2707 .25 KN

As,min = 0.005 * Ac = 0.005 * 250 * 700 = 875 mm2

Use 4@ 12, As,provided = 11300mm? > As, required = 875mm”.....OK.
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0Truss Design:-

< Load calculation

1. Dead Load:-
Surface layer of steel sheet with thjckness of 0.6mm=0. OSKN/m
(0.6/1000)*78.5 KN/m>= 0.05 KN/m?

Heat insulation layer of rock wool with thickness of 100mm=0.1 KiNj/p,2
2

10 cm * 0,01 KN/m2/1 ecm = 0.1 KN/m

Sheet metal with thickness of 0.63mm =0.066 KN/m2
Additional for insulation =0.02 KN/m2

D.L=0.05+0.1+0.066+.02=0.236KN/m2

2. Snow load
S=h-400/400

=650-400/400=0.625KN/m2

Qt=0.625+0.236=0.861 KN/m>

T /0.6mm Steel Shesf
U{\ v\f /\X,\M 99990 100mm Heat ngisc
(XYY

299999990004
OOV W%




Table ( 4-5 ) sheet metal for 2&3 spans

- 2
From the table above the bearing load of sheet metal is 3.98 KN/m

Qu=3.98KN/m® > Qt = 0.861KN/m".........
Note: the members are A36 (Fy=36 ksi and F;=58 ksi)

= Purlins design
Qu=1.5(1.4*0.236) = 0.496 KN/m
Qu=1.5(1.2*0.236+1.6*O.625) =1.925 KN/m.......Control.

19258 /="2

— 3 5 —— 2 o= = -
, 40 40 Mo 9 40 40

Fig (4-20 ) static system for purlins

® Design of Moment Max. Mu =3¢ KN/m

ments:  spans )
-3.6
3.2 33 32

Fig (4. ) pe ur
4-21 Moment €nvelo for P lins
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S

)i 3 6/4.448x1000% 1/25.4=31.86 kip.in

Mu (max
Mp > Mu

.23
0.9%36*7Zx=31.86 = ZX= 0.983 in : |
Select HSS 3 1/2%2*1/8 — Zx= 1.34 in

bt=142  ,Wt=272
= Check Compact :

£p=1.12{(E/Fy) =1.121(29000/36) = 31.8
Ar=1.4V (E/Fy) =1.4Y(29000/36) = 39.73
b/tand h/t < Ap so Compact section

= Design of shear stress Max. =4.8 KN

Shear

WA AAA N A
AT T

45 43 44 4.4 4.4 43 43

Fig (4-22 ) shear envelop for purling

Vu=4.8/4.448=1 08 kip
Vp >Vu

0.9%0.6*Fy*d*ty, > 1.08

0.9*0.6%36%3 5% 1/8 = 8.505 kip> 1.08

" Truss design:

Internal force calculation:

Max support from purling =

9.25KN

Ww—

4.0




Fig (4-24 ) Truss system

1-The vertical members (V) :-

The truss consist of for types of members :-

93

No.of member Value of fgrce
KN Kip
Vi -36.01 8.1
V2 -18.81 B
V3 -12.98 D0
V4 -8.07 181
V5 -3.76 2085
o -.01 20.002
Vil 3.36 0.76
i 6.8 1.53
Vo 9.74 219
V10 12.64 5.8
2]’“ 28.73 T
£15 S =
Vi3 .
LA e
Vi4 743 .
\’16\‘137\ 0.97
_\”7\'_294\ 0.31
VIS\\M -0.66
\/19\\ 153
a1 =1210D
20 B OSSR |
U e ————y 55
: ; -8.08




PSS

; | member (D*):'

2- The diagonal m /”V;m’erforce
Noomenber | KN ﬁllp 84
e ———— 5568 : =
0 R Y 7)) .

= il -22.88
BDEe 1101 4]
s TS0 2
D*4 —108.19 -24.32
(pss . -104.67 -23.53
D) R 99.7 -22.41

* - .
—g;;————/ 293.56 '21'0§
T -86.95 L
10 -93.64 2.0
= 2100.08 -22.5
7 -105.35 -23.68
D*15 -109.28 24,57
D16 -111.3 -25.02
D*17 -110.56 -24.86
D*18 -105.4 -23.7
D*19 -92.31 -20.75
D*20 -61.72 -13.88

Table (4-7) diagonal member forces
3- The diagonal member (D):-

No.of member Value of force
KN Kip
D2 25.54 9.65
gi 877 31
== 6.2 1.39
R ik PR & 7 ] 0.26
D6 0.62
D”'\W‘ 0.13
R . i L
D e '1'3 5 -2.13
DI e r e = 3 -3.13
e, : 95 2.91
o~ L
D e L -14.58 -3.27
D ———— 105 .
4 -2.36
Dls\ ~71.73 -
78
e e oL
BiG 115 Ly
DI 2343 290
39.47 5.27




——'—'

. mber (T):-
4- The Tension me Value of force

ks GRS :
No.of member KN KI;) 5 . e

i Beiele £ g :

- 3.67
Tt ——— Ty
B 705 3.47 f
T3 '
O i 571

- 2.65

H AR e i I 5 2 1.54
_T—g——/"’/ 6.89 0.11
ey A T 0.17
s A
_'1“_16—_—/ 12.966 2.5

1o = 3.74

o 18.91 4.25

T13 18.66 4.19 S
T14 14.55 3.27

s 375 0.84

Table (4-9) tension member forces

= Design of tension member :

Bottom member Max. tension = 18.91 KN = 4.25 Kip
- Tensile yielding :- (

Pu=0*Fy*Ag [
Ag=4.25/0.9%36 = 0.13 jn2
Try W6*8.5with Ag = 2.52 jn2

- Tensile rupture

OPr=0*Fy*(U*Ag) = 0.75*58%(1*2.52) = 109 62 Kip > 4.25Kip......Ok

Diagonal memper Max i
. te = = i
[ el nsion = 39,47 KN = 8.87 Kip
Pu=0*Fy*Ag
Ag=887/0.9%36 = 0 97 ;2

Try L2%2%1/8 wign Ag=0.484i,2

OPn=@*p,, »
Fu*(Urag) =0.75%58%0 g5%( 4
48=17.75 Kip > 8 87 Kip...... Ok

esi
gn of Compressiop membey .




—-—7

0/ Ag4 it rx ~0:62in, Ty =0.62in

Section property: A=

A= b/t =2/(1/8)=16 d
A= bt = 0.45V (E/Fy) =0.451(29000/36) = 12.77<b/t = 16 < 0.911 (B/Fy) = 3¢
Qs=1.34 — 0.76*16*V(36/29000) = 0.91

KL/r = 1%4.92%12/0.62 = 95.23

Fe=n"2E/(KL/t)*2=n"2 ¥29000/ 95.23"2 =31.56

Fer=Q * Fy * 0.658 N(Q*Fy / Fe )
=0.91 *36 *0.658"( 0.91 *36/31.56 ) = 21.22

®Pn= ®* Fer* Ag = 0.9%21.22%0.484= 9.24 Kip > 8.87 Kip

Top member Max. compression = 111.3KN= 25.02 Kip

Assume KL/r =75
4.71V (E/Fy) = 4.71Y (29000/36) = 133.68

Fe=n"2 B/ (KL/)"2 =12 *29000/ 752 = 50.88 ’
For=Fy * 0.658 "(Fy / Fe )= 36 * 0.658"( 36/ 50.88 ) = 2677 Kip

KL/r=1*4.92*12/r =75 —0.787

Ag=Pu/®* Fer=25.02/0.9*26.77 = 1 04
Use W6*8.5with Ag = 2.52 in2
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s Design of weld

- The calculations of weld based on the following:
Fillet Weld is used. . B " |
The plates are A36 (Fy =36 k.51, Fu = 58 ksi)
The plate thickness is (t=1/2 in). r

The electrodes having F EXX =70 ks1.
The shielded metal arc welding (SMAW

DAL

) is used.

First: Design of weld between the vertical member and the Gusset

plate in the corners of the truss:-
The section of the vertical member is angel (L.2%2%1/8)

Member property... ... ... Ag=0.484 in2 ,y=0.534in

v' The value of Max. Compression in the vertical member is Vu= 8.1kip.
Max. Weld size (amax) =t—1/16 =0.5-1/16 =7/16

Min. weld size (amin) = 3/16

Use weld size (a) = 6/16 o

® Design strength of weld :- _J/\F

ORnw =0 te*0.6*FExx :

1

) Fig: (4-25): weld between vertical
Design strength of bage material ;- _member and gusset plate

=0.75%0.707%(6/16)*0.6870= 8.35 kips

2

p

1305 ki S > 8 .
F1=F2=8_1/2=4.05 kip p 39 klps

Lw=4.05/8.35=0.49... take [,
resstake Dy e g
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“te.

di i for the
. : imension of weld
. The section of the diago o size and dim

the sam
For the vertical member use
: 1 er.
previous vertical memb

i mber is Tu = 8.87 kip,
Tension in the diagonal me
if Max.
= The value if

Max. Weld size (amax) =7/ 16
Min. weld size (amin) =3/16

Use weld size (a) =6/16

Fig: (4-26): weld between diagonal member and gusset plate

Design strength of weld:-

®Rnw =p te*0.6*FExx

=O.75*O.707*(6/16)*0.68*70= 8.35 kips
Design Strength of bage materig].-
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s Check for rupture

F1 = F2 = 4.435 kip
Royw= 4435/ 8,35 =0.53 ocoooenneon take Lw =4 jp |

Lwl=Lw2= F1/ @

een the bottom member and the gusset plate;

g : Id betw ;
Third: Design of we ber is W-section W6*8.5

The section of the bottom mem

10.2/2.54 = 4in :
37.5cm/2.54=14.76 in

R, = JIROF Ry = [Rh+ Ra]?
R
Rv = —-l, =
L
K
h=Px/L =7.27/14.76*2 = 0.25 kip/in
Ip=2%(14.76"3 /12 )=535.93
Rx=M*y/[p=0—y =0
Ry =M*x/Ip =7.27*%4*4*0.5/ 535.93
=0.11 :
Ru =0.27 kip/in : A s
Rnw =Ru i

0.75%0.707a*0.6*70 = 0.27—» 0.0123 in

Take a=1/16in

F' S 2 .
1g: (4-27): weld between sset plate and bottom member
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Y inued
' Table 1-11 (continu S)
| . Rectangular HS :
x> : d Properties
. ons an
) Dimensi ;
Y Axis X-X
Design A
al| Area —— |
et i Ee U8~ / s ra
Shape Thick-
ness, ¢ in.4 in.3 i ]
i b/t _| _in2 - : | in? |
= 33 | 314 7.73 1| 185 940 | 376 | 173 [ 4
ezl | 08 e [ lane | e 751 | 301 | gzt
:';;5 0:1 . 6:02 1.65 18.6 40.1 5.34 214 1.80 265
11.3 10.4 414 | 159 | 57
Yo | 0349 | 1465 | 409 | 273 :
HSSM:S/; 0291 | 1267 | 352 | 387 | 142 935 | 374 | 163 | s5g
xVs | 0233 | 1048 | 291 558 | 185 808 | 323 | 167 | 42
e | 0174 | 815 | 224 | 849 | 257 650 | 260 | 170 | 33
xlg | 0116 | 660 [ 154 | 142 40.1 465 | 18 | 174 | 2y
HSS4x3xYs | 0.349 | 1465 | 409 | 560 | 846 793 | 397 | 139 | 51
xhe | 0291 | 1267 | 352 | 731 | 107 714 | 357 | 142 | 45
xVs | 0233 | 1048 | 291 9.88 | 142 6.15 | 307 | 145 | 38
x¥e | 0174 | 815 | 224 | 142 | 200 493 | 247 | 149 | 300
xfs | 0116 | 560 | 154 | 229 | 315 352 | 176 | 152 | 211
HSS4x2'/>ls | 0349 | 1337 | 374 | 416 | s4g 677 | 338 | 135 | 448
xhe | 0291 | 1160 | 323 | 559 | 107 613 | 307 | 138 | 397
Ve | 0233 | 963 | 267 | 773 | 142 532 | 266 [ 1.41 | 338
Xfe | 0174 | 751 ( 206 | 114 | 200 430 | 215 | 144 | 267
X | 016 | 517 | 142 | 186 | 315 309 | 154 | 147 | 148
HSS4x2xxza 0349 | 1200 | 330 | 273 | g4 560 | 280 | 1.29 | 38
xvIG 0291 | 1054 | 294 387 | 107 513 | 256 132 [ 343
il oes s TaTecl Colts il tese A 449 | 22 136 | 294
x3/‘5 0'174 6 87 1 89 o . 5 .
XV | 0116 | 475 130 1339 o S 14 2'2
' - : : 31. 1.
"ES8Volocts | 0349 | 1209 | g4 7 R
Xhe | 0291 | 1054 | 59 s | 1B am| 27 If il
xs | 0233 8.78 2'4: 5.59 9.03 434 | 248 122 | 32
X6 | 0.174 6.87 i 773 | 120 379 | 217 125 | 27
e RN A e T U S 309 | 176 | 128 | 218
USS31o2xs | 035 | : 186 | 272 223 | 128 | ‘1.o7%|Ne15
¥ [ 0174 6:33 1231 9158 51 12l 317 | 181 | 120 | 2%
Sl o e | g M 261 | 149 [ 123 | 18
J 4.2 27.2 190 | 1.09 107 |t
Note: For Compactn
BSS Criteria, refg, to the end of Table ,_Q\J\J
\\\\“/J
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Table 1-11 (continued)
Raectangular HSS |

Dimensions and Properties

HSSS-HSS:;V2 ¢
Torsion
axis YV-Y Workable Flat Surface
Shape I s r Z | Depth|Width| J e 5
i 4 in3 2
in! in3 in. in® | in._| in. in. y 9:; %/t
: ; gl 7.93 |4, 1.18
0.999 2.95 3s
H885x21/2x;;4 g;g :gg 109 233 | 46| — 6.26 | 3.89 1.20
o | 1oz | 146 105 | 164 | ame] — 440 |2.70 122
%6 | — 6.61 {5.20 1.07
3 2.28 2.28 | 0.748 2.88 3
HSSS)Q);gw 2.10 210 | 0.772 2.57 3% —_ 5.99 |4.59 1.08
x4 1.84 184 | 0.797 2.20 378 — 5.17 |3.88 1.10
x¥6 | 1.51 151 | 0.823 175 | 4% | — 415 |3.05 1.12
xVYs 1.10 1.10 | 0.848 1.24 4he | — 295 |213 1.13
HSS4x3x%/s 5.01 334 [ 111 418 2he | — 106 |6.59 1.07
X6 4.52 3.02 | 113 3.69 2% —_ 9.41 (5.75 1.08
x4 3.91 261 | 1.16 3.12 27s — 7.96 |4.81 1.10
%6 | 3.16 210 | 1.19 246 | 3%6| — 6.26 |3.74 1.12
xVs 2.27 151 | 1.21 1.73 e | — 4.38 [2.59 1.13
HSS4x2"/2x%/s 3.17 254 | 0.922 3.20 2516 7.57 |5.32 0.983
xhe | 2.89 232 | 0.947 285 | 2% 6.77 | 467 1.00

xYs 2.53 202 | 0973 243 | 2 | — 5.78 13.93 1.02

x3s | 2,06 165 | 0999 | 193 [ 31, 459 |3.08 1.03
xVs 1.49 1.19 | 1.03 1.36 | 37 323 |2.14 1.05
HSS4x2x3/g 1.80 1.80 | 0.729 231 | 25/ 4.83 |4.04 0.900

X6 | 1.67 167 | 0754 | 208 | o5 &
} 1 - 440 |359 0.917
xVe 1.48 148 | 0779 | 1.79 2onlet 3.82 [3.05 0.933

x?/m 122 | 122 | 0804 | 143 316 3.08 | 2.41 0.950
Vs | 0898 | 0898| gg3p 102 | 376 220 [1.69 0.967
HSS3'/2x2'/2x:/a 277 | 221 | 0904 28000 il 6.16 | 4.57 0.900
;Zs §.54 203 | 0930 | 25 2l | =L 553 403 | o917
| i 1:: 11:2 0956 | 216 | oy, | _ 475 |3.40 0.933
R ?'3? - }Zﬁ o B sl £ by

. . . o [
v 267 |1.87 0.967
S3 /2)(2:35:5 :gg ;.30 0.766 | 158 e |l 3.16 850
x| 0795 o'ggs G | 2 | — 2.55 ?gg 3'867
L0818 | oiste | o | T 183 |147 0.883

—Flat depth or i ;
Width is toq Small to estapjish a workablg f

at.
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G b Table 1-1 (continued)
I W Shapes

d X— —X T e
tw Dimensions
e '
/ :
— Flange Distance

Area, | Depth Iriyness,| 4, [ Width, micl;ness, K T R s e %

Shape | A d i B i || Gage
e : = = i in. in. | in. | in. |in | i
in. 0. 5o | e | 8.28] 8% |0.935| '¥16|1.33 (15 | 'Si6[ 53| 5y, f

L e O v | e | 82| avs |0810| 196120 |10 | 7 | |
X 4 o 5

16| 1.08 [1% | ¥

vl 0.400| ¥ | % | 8.11]8%s |0.685

i i S rloas0l ¥ | e | 807|8ve |o0.560| o1 |0.956|1% | 134g

a5 | 103 | 812| 8vs0.310] e | e | 8028 |0495| Vo |0.889 156 | g

31" | 912| 800 8 |0.285| 516 | %6 [ 8.00[8 |0.435| 716 |0.829[1Ys | ¥
'5/1J

5 2 10.465| 716 |0.859 s |6Ys| 4
8 8.24| 806 8 {0285 %15 | 316 | 6.54| 6
W8:§4 7.08] 7.93| 77/8|0.245| Vs s | 6.50|6YV2 [0.400| %8 [0.794| /s Y16 | 6V 4

Wex21 | 6.16| 8.28| 8Y4|0.250 Y4 | Ve | 5.27|5Y« [0.400| ¥s |0.700] Ye | %6 |6V | 23
x18 | 5.26( 8.14 8Y5[0.230 V& | Vs | 5.25/5Y%s |0.330| %16 |0.630 ‘%j Y16 | 6Y2 | 2¥y0

W8x15 4.44| 8.11| 8Y5(0.245) Vs | Yo | 4.02|4  |0.315 e [0.615| 516 %6 | 6¥ 218
x13 384) 7.99| 8 (0230 Vs | s | 400/4 |0.255| Va |0555| s | s * +
x10% | 2.96| 7.89| 77s[0.170| ¥ | Y& | 3.94]4 0.205| 316 | 0.505| ie| 12

W6x25 7.34| 6.38) 6%5/0.320| %16 | 36 | 6.08|6Vs [0.455| s 0.705] She| %6 | 42| 3V
%20 5.87) 6.20] 6'40.260| Ya | Vs | 6.02 0.365| ¥s |0.615| % | % + *
x15' 443/ 599 6 10230 Vs | Vs | 5.09 0.260| s [0.510] 31 | Y4

W6x16 4.74) 6.28) 6Y4(0.260 Vs | s | 4.03 0.405( s |0.655| s | % | 4V2| 28
%12 3.55| 6.03] 6 |0.230 Ya 8 4.00 0.280f s |0.530 34 916 l l

x9'{ 2,68 5.90| 57/3/0.170| 35 | s 3.94 0.215] 316 | 0.465| 16l Vo
x8.5 2.52| 5.83 573/0.170| 316 | g 3.94 0.195) 316 | 0.445| Vigl 12

w"’l‘li 23? g;? 2t STy i I | S 0.430| 76 [0.730] She| 16 | 3Y2 | 2960
g 0115 102400 s | v | 509 0.360{ ¥ [0.660| 3 | 716 | 3V2 | 230

W4x13
X 3.83) 4.16| 4 0.280( 14 s | 4.06 0.345] 3, 0.595| 3/s | Vo | 25| 2¥s8

B OO AN OO
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Table 1-1 (continued)

S 104 W shape
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| f

W Shapes
Properties
W8~ vy
oo~
} al
Nom- cs‘::t‘::ﬁt Axis X-X Axis Y-Y rs | h, | Propereg |
inal crueria J -\7
Wt F e lry 20 J A S r| 2 |
2| % [ [ (] i [ (| in | 03 in i | i [
Ihé;t a43Tia | 22 | 604 | 372] 701 | 886 |21.4 (212 | 327 |243 | 8.07] 55 B
58| s07(124 | 228 | 520 | 365 508 | 751 | 183 210 | 27.9 1239 | 74| 335 | py
| 5920159 | 184 | 432|361 490 | 609 | 150 |208 | 229 (235 | 782| 165 | g
40| 721|176 | 146 | 355 | 353 398 | 491 | 122 (204 | 185 |231 | 7.60] 112 %
35| 8.10/205 | 127 | 312 | 351 347 | 426 (106 |203 | 161 (228 | 763 0769 g
31| 919|223 | 110 | 275 | 347) 304 | 371 | 927|202 | 141 (226 | 757| o0s%| g
28| 7031223 | 980 243 | 345 27.2 | 217 | 663|162 | 101 [1.84 | 7.60| 0537 4
24| 812[259 | 827 209 | 342 231 183 | 563/161 | 857|182 | 753 0.346 | 25
211 659275 | 753/ 182 | 349| 204 | 977| 371)1.26 | 569(146 | 7.88| 0282 | 15 |
18] 795209 | 61.9; 152 | 343| 170 | 7.97| 304|1.23 | 466|143 | 7.81| o172 m:
151 637128.1 | 480/ 118 | 329 136 | 3.41| 1.70/0876| 267(1.06 | 7.80| 0137 sw
13/ 7841299 | 306 991|321 114 [ 273 137]0843| 215|103 | 7.74| ooen| w
101 9611405 | 308 781322 887 209 1.06{0.841| 166|101 | 769 0046 |
25/ 668155 | 5341 167 | 2700 189 | 17.1 | 561|152 | 856|174 593| 0.461
20| 825191 | 414) 134 | 266| 149 | 133 | 4.41| 150 6.72{1.70 | 5.84| 0240 | 11
1515 1216 |  29.1| 972| 256] 108 9.32) 3111145 | 475|166 | 573 0101 | 75
:g ;32 1911 321 102 | 260 117 443| 220| 0967 3.39/1.13 | 588 0223 M
e gg fg l 7311249 830| 299 150{0918| 230 1.08 | 575 00903 &7
it o fo! 5.56) 2471 623 220 111 0805 1.72|1.06 | 569 00405 17
1 (29, Sl 51012431 573 199 1.01|0800| 156 105 | 564| 00333 15
19| 585(137
i ek g?g 12.55 217) 116 | 913 363(128 | 553 145 | 472| 0316 9
o A 59129 983 751 300{126 | 458 143 | 465/ 0192 46
88[106 | 11,
S 546/ 172] 628l g 1.9011.00 | 292|116 | 3.82| o151 M
CA6
L
\J@\J\JN &y




Table 1-7 (continued)
Angles |
Properties
| Toperties
y B ;
Shape N e & e R AR P wl 4| &l
in. |W/t| in2 | ind ! ind | in. | in. | in® | in. | in¢ L‘I

. 346 |0497/0301 | 030 [,

V> | % [119 | 350 [ 530 [ 192 |1.23 |1.24 o
L4X3’/2§3;: 3;: 9.10( 267 | 415 | 148 1125 (120 | 266 | 0433/0.132 | 013 |5
xés | e | 7.70| 225 | 353 | 125 {125 (117 | 224 | 0.401)0.0782 | 00788 |pgy

XU | % | 620| 181 | 289 | 101 [126 |1.14 | 1.81 |0.368]0.0412 | 00419 |5y

Lo 11136 | 389 | 601 | 228 | 123 |1.37 | 408 [0810{0529 | 0472 |14
Ve | s |111 | 325 | 502 | 187 (124 [1.32 | 336 | 0747|0281 | 0255 |1
% | Y | 850|248 | 394 | 144 |1.26 |127 | 260 [0683]0123 | o114 |1y
Xhe | e | 7201 209 | 336 | 122 [1.27 125 | 219 | 0651|0.0731 | 0.0676 |1
Xa | % | 580) 169 | 275 | 0988|127 [1.22 | 177 |0618[0.0386 | 0,035 |1

L3"2x3Y2xt2 7 |11.1 | 325 | 363 | 148 [1.05 |1.05 266 | 0466{0.281 | 0238 |1
x'he | '%he | 9.80( 2.87 | 325 | 1.32 | 1.06 1.03 236 [ 0412|0192 | 0.164 |18
xYg % | 850| 248 | 286 | 1.15 | 1.07 1.00 206 | 0.357{0.123 | 0.106 |19
X6 | Yhe | 7.20| 2.09 | 244 0.969) 1.08 |0.979 | 1.74 | 0.301]0.0731 0.0634 |19
xYa Yo | 580|169 | 2.00 | 0.787 1.09 10954 | 1.41 | 0.243]0.0386 | 0.033 19

L3723V | T 1102 | 300 | 345 | 145 | 107 |1.12 261 |0.480/0.260 | 0.191 |175
e | e | 9101 265 | 310 | 1.29 [1.08 |1.09 232 |0446(0.178 | 0132 (176
¥ [ % | 790] 230 | 273 | 112 | 1.09 107 | 203 | 04110114 | 0.0858 |17
e | s | 660 193 | 233 | 0,051 1.09 105 | 1.72 | 0.375|0.0680 | 0.0512 |17
XVa | % | 540| 156 | 192 | 0773 110 102 | 1.39 |0.336]0.0360 | 0.0270 |18

L3Y2x2VaxY, ;/s 940( 275 | 324 141 1108 |1.20 252 [0.736{0234 | 0.159 | 166
::;?s n//: ;.fo 211 1 256 | 109 (110 115 | 1.96 | 0.668{0.103 | 0.0714 |16
1 s/6 1011.78 | 220 | 0925|111 113 | 167 |0633]0.0611 | 0.0426 | 171
xa 1490|144 | 181 | 0753 112 1110 | 1.36 | 059600322 | 0.0225 |17

L3X3:;fs ,;2’6 g'gg 275 | 220 | 106 0.895 10929 | 1.91 | 0.458/0230 | 0144 |15
¥ | ¥ | 729 gf’ 1>y | 094610903 0907 | 170 | 0405|0157 | 0100 |10
e | g | g10| 178 | <20 | 0825/ 0910 [0.884 | 148 | 035s|oner | ogese |12
XU | % | 90| 14q | yo0 | 069910918 0860 | 1.26 | 0206|0097 | 00300 |15
e | 5| 371|109 | 23 | 0569) 0926 | 0836 | 10 | oan 0.0313 | 00206 |18

7| 0948) 0433 0933 (0812 | o774 0.181(0.0136 | 0.00899 | 157

L2Vt | 7 | g59

2
Xhs | g | 760 gg? 207 1 1.03 | 0919 0.995 | 1.86 [0.494(0213 | 0412 |14
o |- | 660 1190 :'87 092110917 10972 | 166 | gaga|0146 | 00777 |18
e [ s | 560 167 12? 050310924 10949 | 145 | 043000843 | 00507 1;?
‘| | aso] 131 | g3a | 0687/0932 |agas | 15 0.397 | 0.0560 | 0.0304 |*

s | 96 | 339 0 3 0.555| 0.940 0.900 | 1 0 0.0296 | 0.0161 | "
996| 0.899 0.423] 0.947 0.874 o.'gg? oiggg 0.0130 | 0.00705 154

Note: For com iteri
pactness Cniteria, refer to the eng of Table 1 2
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Table 1-7 (continued)
Angles
ies ’
Propert =
Shape / s r x Z Xp I s . il
H (43 ksl |
in® | in2 in. in. in2 in. in.% in.3 - Bl |
269 | 0438 | 1.80 0719 | 0716 | 0750|157 |

150 | 1.04 | 0.994
L4><3‘/2;<;Z 3'32 116 | 105 | 0.047| 206 | 0334 | 138 10555 | 0.719 | 0755 1

' 0281 [ 117 |0.470 | 0721 | 0757
she | 252 | 0.980| 1.06 | 0.923| 1.74 0%y
:126 207 | 0.794| 1.07 | 0.897| 1.40 | 0227 | 0950 | 0.382 | 0.723 | 0759 pgy

5 : 134 | 0845 [ 0.867 [ 245 | 0498 | 1.59 |0.720 | 0631 | 053] qy
L4xs:';: 5.2(5) 110 | 0858 | 0.822] 1.99 | 0407 | 130 [0592 | 0633 | 0562 1
x¥Ys | 189 | 0851| 0.873 [ 0775 1.52 | 0.311 | 1.01 [0.460 | 0.636 | 0551 |1
x| 162 | 0.721| 0.880 [ 0750 1.28 | 0.262 | 0.851 | 0.390 | 0.638 | 0554 | gy
xVs | 133 | 0.585| 0.887 | 0725 1.03 | 0.211 | 0691 |0.318 | 0.639 | 0558 | ogy

L3Y2x3Y2x/2 | 363 | 148 | 1.05 | 1.05 | 266 | 0.466 | 1.51 |[0.609 | 0679 | 1.00 |1
e | 325 | 132 | 1.06 | 1.03 | 236 | 0.412| 1.34 |0.540 | 0.681 | 100 |1y
¥ | 286 | 115 | 107 | 1.00 [ 205 | 0357 | 1.17 |0.471 | 0683 | 100 |1p
x5 | 244 | 0969 1.08 | 0.979) 1.74 | 0.301 | 0.989 |0.400 | 0.685 | 1.00 |1y
xYs | 200 | 0787 1.09 | 0.954| 1.41 | 0.243 | 0.807 |0.326 | 0.688 | 1.00 | 0%

L3Y2x3x/2 232 | 1.09 | 0877 | 0.869| 1.97 | 0.431| 1.15 0.537 | 0.618 | 0.713 [ 100
x’he | 2.09 | 0.971| 0.885 | 0.846| 1.75 0.382 | 1.03 0.478 | 0.620 | 0.717 | 100
x%8 1.84 | 0847 0.892 | 0.823| 1.52 | 0.331| 0.895 0.418 | 0.622 | 0.720 | 1.0
x%hs | 1.58 | 0.718| 0.900 | 0.798 1.28 | 0.279 | 0.761 | 0.356 | 0.624 | 0.722| 1.0
xa 1.30 | 0585 0.908 | 0.773| 1.04 0.226 | 0.623 | 0.292 | 0.628 | 0.725 | 0%

L3V2>x2'2x'2 | 136 | 0.756| 0.701 | 0.701| 1.39 0.395 | 0.782 | 0.420 | 0.532 | 0.485| 1.0
x¥s | 1.09 | 0589 0716 | 0.655| 107 0.303 | 0.608 | 0.329 | 0.535 | 0.495| 100
xhs | 0937 0.501| 0723 | 0.632| 0.900 0.256 | 0.518 | 0.281 | 0.538 | 0.500| 100 | |
xs | 0.775| 0.410| 0731 | 0.607 0728 0.207 | 0.425 | 0.232 | 0.541 | 0504 | 0365| |

L3x3x;/z 220 | 1.06 | .0.895 | 0.929| 1.91 0.458 | 0.924 | 0.436 | 0.580 | 1.00 [100
x;s 198 | 0946 0.903 | 0.907 1.70 | 0.405 | 0.819 | 0.386 | 0.580 | 1.00 [ 100
:5/?6 3;3 0825/ 0910 | 0.884 | 1.48 0.351 | 0.712 | 0.336 | 0.581 [ 1.00 |10 | |
xUs | 123 3'229 0918 | 0.860| 1.25 | g.2gg 0.603 | 0.284 | 0.583 | 1.00 |10
s | ooas| L209| 0926 | 0.836| 1.02 | 0.239 | 0.491 0.231 | 0.585 [ 1.00 | 10

k 0433 0.933 | 0812 0.774| 0.181 | 0374 |0.176 | 0586 | 1.00 | 097

L3x2Y2x'V2 | 129 | o738 o
' : 718 | 0.746 | 13 0.666 | 190
s | 117 | ogsg| g Pl 4 |1 0418 | 0.666 |0.370 | 0516 i

x¥s | 1. 119 1 0370 | 0.591 |0.329 | 0.516 | 0671
/6 gggs 3333 8;31 37011 103 | 0321 | 0514 |0.287 | 0517 | 075
xis | 0734| 0'2gs 0.739 06771 0873 0271 | 0437 |0.244 | 0518 | 0679 5
**he | 0.568| 0.303 o 4610653 0707 | 0,200 0.356 |0.199 | 0520 | 0683

‘ 7531 0627 0536 | 0367 | 0272 | 0153 | 0521 | 0887

——— !
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Table 1-7 (continued) ;
Angles

Properties

L4x312xY,
x%/g
X1
x4

L4x3x5/3
X2
x3/g
x5
X4

L3Y2x3 %1y,
X716
X3/
%%
xYa
L32x3x1/,
x"e
x¥g
x5
XY4
L3Y2x2Yox1y,
x%g
X516
XxYs
L3x3x1/»
x1s
x3/g
X%
xYs
31
L3x2Yox1/,
X716
x¥g
X1
XYy
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