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F1
F2

J gl

200 cm
170 cm

o il

180 cm
a5

140 cm
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Slauli]

10 cm
10ecm
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160 cm
160 cm
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170 cm
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aclgdll sy piguni dale]
Aija Aiyag 9 dddig hiljAl

Cullill Jumall

: Jlea¥l ol 1-3
(180*400*200)mm R ‘a,\i}‘_‘“l' ‘5_,)5*‘_” ol slal o oy e @
(017 KN) g2 5u>lsll 2S5l ¢y39 @

(24 %) 2 WLyl A3LSs (120mm) caganll (oye (038 Aeg @

' 50 em

2cm
10 cm

7 cm

18 cm

lcem =

read ! Josdl 1-1-3

m

18 0.1 Jay
20 0.01
22 0.02
KN
136~ = 24 % (0.12 % 0.18 + 0.5 % 0.07)  : slazli 039 1
0.85 == = 5%0.17  :assldioss-2

1.97 “X = 0.5 % (1.5 + 18 % 0.1 + 20  0.01 + 22 % 0.02)  $ls] cua 393

KN
). =4.18 —
s gl Jozedl 2-1-3

(B) 3ol (4-6) Jsnd 1 1 5 = 0.5 5 2 = all daall

W, =1.2(D.L) + 1.6 (L.L)
W,=12+418+16+1=6616 —
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il Jundll
Ai)a Aiag 9 d2dig Biljal
- Sl I Jleadl Ja5 2-3

Mol &l ASYI suclatl ddya0 oy (Fy) suelall ) Jodl Jadd -1

20.6895 m? = 5.305 * 3.9 = (810) a>Lus

_ 7453

LSl p 32.626 m? *5.305 = (F9) a>bua

N _ 5.3+6.616

70.1296 — 20 = (TB1) 5,050 e 35k o

_ 7%6.616
~ 05

92.824 ~~

438.396 KN = (2.95 % 92.624) + (2.355 % 70.1296) = _.L¥l e 5S40 Joe)!
1315.188 KN = 438.396 * 3= Ll (e (ol JSII Lol

1029.727 KN= ca50 sl JSI Joe)

YL i (17) Buelall Jf Jesed) Jaid -2

3.6%6.616

47.635 %: oo = (TB1) 5, e g 55l) Jaell

4.9%6.616

64.837 % = = (TB2) 5,eSH e £ 35b1 Jaze!
374.53 KN = (4.05 % 64.837) + (2.35 * 47.635 ) = L8 e 58,10 Lol
1123.6 KN = 374.53 * 3= Ll e (a3ll JSII Jae)!

879.719 KN= 030 padl JSII Jael)

(YL ala (K1) Baelall Jf Jesd) Jait -2

_ 6.2%6.616

82.038%— o5 = (TB1) 8,eS1 e ¢ 5541 el

332.254 KN = (4.05 * 82.038 ) = L8 e 3S,11 Jaxl
996.762 KN = 332.254 * 3= Lulu¥l e o3l S Jal

780.42 KN= (30 sl JSI Lozl

a1

——
| —



aclgdll Asy prg.ni dale Cullill Jundll

Aija Ailiag L,.n 4dAdig hiljal
raelady) Aoyl dlnaill el gall Sluwlul puayas 3-3
: (F9) buelall puasas 1-3-3

B |
oldaat! . |
Z=112 , G =250 mmx 600 mm
230 mm
qau = 400 Kpa |:> (4) 3=1(1-6) Jsanr F|
_ 7
E, = 420 Mpa L % }00 nm
F! =24 Mpa :> (B) &=\l (3-6) Jgu %
P = 1029.727 KN
P, = 1315.188 KN B2
-l
sl slasl sleey) -1
A= P 1029727 o g
dall 400
A=B=*L
A=112%B? =257
B=152=16m
L=112+B
L=112+1.6= 179 {sayL =18m}
A=16%+18=288m?>257m? Ok
Gu =2 = 222 = 456.663 Kpa
- (d) Slawdl slm) -2
V=P, — qu(C; + d)(C; + d) P,

%, = 1315.188 — 456.663 (025 + ——) (0.6 + —)

/

{
1%

v, = —0.00045666 d* — 0.38816 d + 1246.6886

(m) dI <9 (mm) LayLel @:d

assume

1 4 VIH‘"‘
=9+ {e+2) T b nuunk
Bo= 02 = S0 94

T seligme 250
N 4%(425+d)*d
1000

1 4
OV, =085+=(2+--) V24
@ Ve = 0.00509 d2 + 2.163 d

48
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r'i.ijar'i.i,gaol___,s'li'as'l.i.u hilal
Vu=0Vc

1246.6886 — 0.00045666d% — 0.38816 d = 0.00509d? + 2.163d
0.00554666 d* + 2.55116 d — 1246.6886 = 0

Cullill Junall

—-b +Vb2—4ac
d = 2a
J = 255116 +/(2.55116)% — 4+(0.00554666)+(~1246.6886) _ 296.954 mm
2%(0.00554666)
= —756.899 mm

d =300mm
bo=2[(C; +d) + (C; + d)]
by = 2 [(250 + 300) + (600 + 300)]
by = 2900 mm
Check:

1 4 -
OVe, =0 %15 (2+5-) * VI *bo xd

1 4 300

B Ve, =085+ =(2+ =)+ V24 2900 x =
® Ve, = 1106.965 KN

1 agxd 7
oV, :®*§(2+ bo )*\/f_c * by * d

1 40%300 300

B Ve, =085+ (2 +2200) « V24 + 2900 + S
1) VCZ = 1853.039 KN

1 !
®VC3 =¢*§*\/E *bo*d
OV, = 0.85*=xv24 x2900 * -

G3 ' 3 1000

@ Ve, = 1207.598 KN Sl (2 Laylas | @5 @01 (D V) gl -
saglatl olei¥l § é:b&l oadll 385 -3
x=""%_g
2
_18-06 _ 0.25m
X =— 0.3=03m ]

_ 7.
Vy=((x=1)=*qy jl:0.6m 1.8 m
V, = (0.3%1) x456.663 = 137.0 % /.

1
Ov=0leJf ebed b T
@ V. = 0.85 =24 1000 0.3 ; -
1.om

oV, =208207 XX > 137.0 &
m m

49
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Cullill Junall

1.8m

Ai)a Aiag 9 d2dig Biljal
 siadll LYl § paill G505 -4
¥ = B-—c; d .
z X
x =222 03=0375m E= 25
! fe>
Vo= (x*1)*qy : 7
KN E % 0.6m
V, = (0375« 1) » 456.663 = 171.249 2 o
1 !
@1/,::0.85*%*\/%*1000*0.3 : v
OV, = 208207 Y > 171.249 ¥ L.
m m
daglall LYl g slimi¥l 385 -5
L— C1
X = > kbl —
N |
1.8—-0.6

KN.m
m

Hy = 456.663 % 0.6 % 1+ == = 82.199

Hu:@*p*b*dZ*fy{1—0_59*p*%}

1.8m

lom

82.199 * 10° = 0.9 x p + 1000 = (300)? + 420 {1 — 0.59 * p + =}

10.325 p2 — p + 0.002416 = 0

M FAT:
2a
p = LEVOP —;L:ngzg*(oﬂ‘)“l@ = 0.0944  Jo¢
=0.002479 sk
AS =px* bxd

Ag = 0.002479 % 1000 % 300 = 743.7 mm?/m

Using (#16) bar Ag, =201 mm? :> (B) =l

d+1.5d,

t=d+ 1.5 *dy + cover
t=300+15%16+75 =399 mm
Use {400 mm } SOl oledl) o

—(:) BN

Pmin = 0.0018

1 ree=75 mm
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Ai)> Alyag 9 dadig hilAl

A, = Pmin * bxt

A.  =0.0018 1000 = 400 = 720 mez < 7437 mez

Smin

pmax=0.75*0.85*Bl*fC, *( 099 )

fy  \600+f,

Pmax = 0.75 % 0.85  0.85 * = (=22 —) = 0.01821

420 600+420

A = Pmax ¥ b *d

Smax

2 2
A = 0.01821 * 1000 % 300 = 5463 % > 743.7 %

Smax

2
~Ag = 7437 =
m

bl iy o 48l
10004
§=—"
AS
_1000%201
T 7437

Say {S=270 mm}

= 270.27 mm

Smax =3 *t
Smax = 3 %400 = 1200 mm Use 16 @ 270mm c/c {inlong direction}
el Byl § el 3485 -6
x = B- Cy - .
2 ]
— 1.6—20.25 = 0.675m i
ﬂuZQu*x*l*g '
1y = 456.663 % 0.675 * 1 x 2222 = 104,034 KL L8m %/
2 m Z .
| adlf
_ 2 _ fy :
Py =0*pxbxd *fy{l 0-59*P*fcr} mf
x|
104.034 * 10% = 0.9 * p * 1000 * (300)2 * 420 {1 — Y l
1 |
420 L6m
0.59 x p * 24}
10.325 p? — p + 0.00306 = 0
__ —b++Vb?-4ac
o 2a

1 + V12 — 4%10.325%0.00306
= = 0.0937 U«
2%10.325

= 0.00316 sk

o1
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| —
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Ai)a Aiyag 9 d2dig hiljal
As=p=*bxd

A; = 0.00316 * 1000 = 3

Astotal
2 2 2
- L - 1.8
B+1 3t Tetl
_ 0941 %1706.4
S (At 2y 520) 1.6
Asmax > AS > Asmin

00 =948 mm?/m

=948 x 1.8 = 1706.4 mm?

=0.941

= 1003.577
m

5463 > 1003.577 > 720

1000+A
§=—"=2
As
)
1000%201
S = = 200.284 mm
1003.577

Say {S=200 mm}

Smax =3 *t

Spax = 3 * 400 = 1200 mm

Cullill Junall

il gl Ay 21 gl

Ao og)) kol 3 prelaadl! Lol o ALl

Use ¢16 @ 200mm c/c  {(1.6M) oy abaugliam, sl }

_(1-0.941)* 1706.4

Sl Al 1.8-1.6

Smin > As(@\.gl )

2
=503.388 -
m

asled! wlddd el s o A8 Ll

2
mm
s. . . =720 —
(Balad) il il m
S = 1000%Ap
As
(fuslall w1,a)
1000%201
S = 0 = 279.17 mm

Say {S=270 mm}

Smax =3 *t
Smax = 3 %400 = 1200

mm

Use ¢16 @ 270mm clc EWHPS PPNl

92

0.1m

B=1.6m

0.1m

: ailal i) mald

¢ 16 (@ 270 mm

wut /7 m9r P

¢ 16@ 270 mm

B=1.6m

(F1) suelall malud mags (2-3) JS2

—
| —

L=1.8 m
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Ai)a Aiyag 9 d2dig hiljal

| =~

=1.2

E, =420 Mpa
F, =24 Mpa

P =879.719 KN
P, =1123.6 KN

L=32m
B=26m

A =8.32m?
x=13m

e, =1175m
I, = 4.687 m*

M, = 1033.67 kn.m
Qmax = 392.437 Kpa < qg; ok

d =392mm
by = 1784 mm
Bc =2

@ Ve, = 970.698 KN
@ Ve, = 2085.04 KN
@ Ve, = 970.698 KN

, Cy =250mm 500 mm

B
Gau =400 Kpa ) (A) salli(16) dous
— () O TOR S

——

93

Cullill Junall

tgilll 3g0all (17) suelall gpesas 2-3-3

: oolad! slagl slemy) -1

= (d) losdl slezy -2

P,
Vi
d&‘"\::uuh
d/;&.\‘.-“---“
/2
§u
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1
J



aclgdll Ay gigunii dale]

Cullill Junall

r'i.ijar'i.i,gaol___,s'liam.u' aig hilpal

d =850mm
s dasdla
32
sl 03 Uiy (Somtll 9o puadll slas¥l 3 golo¥l paill =

x=05m

v, =196.219 &8
m

KN
m

BV, =589.92°2>196.219 - - OK

x=135m

KN.m

p = 0.0013272

mm?

Ay =1128.12 ——
m

Using (#16) bar (4, =201 mm?)
t=950mm Sl o
Pmin = 0.0018

2 2
A, =1710 == > 1128.12 ==
m m

Smin

Pmax = 0.01821

2 2
A, =154785 7 > 1128.12
max m m

2
~ Ay =1710 mm_
m

——

(l+1.5(ll, 000000 00

o4

DN |FIES > (B ‘__;al_»:ﬁl uadll e (b

: Jugladl slms¥l é:b&ll oadll 385 -3

dasladl Ll § slimi¥) 355 -4

T ree=75mm

g



aclgdll A9y paguni Aale] Cullill Junall
Aija Alyag 4 didig hiljal

ebuddl ipas o 38l
s=110mm

Smax = 2850 mm

Use 16 @ 110mm c/c {inlong direction }
el Byl § el 385 -5

x=235m

KN.
u, = 1083.617 Tm

p = 0.0041454
A, =352359 ™ S 4 = 1710 ™
m min m

Ag,ypy = 11275.488 mm?
2
A, =3888.099 -
(B ) Ay 5200 m
Aol Aalaill § el s o 8Ll
S =50mm

Smax = 2850 mm

Use ¢16 @ 50mm clc {(26m) Loya Hdawegll 2oy 201}

sl il ad) mdud

= 194408 ™
m

S (astal )

EIHES | -1l O NVWER T (DM Y
S =100mm
Smax = 2850 mm

Use ¢16 @ 100mm c/C {awle)l o, all}

bl 3geall (F2) e lall el g (3-3) K4

99

—
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Aija Ailiag L,.n 4dAdig hiljal
1 &S00 3gaall (K11) 5uelall gpaqas 3-3-3

B
sialdasll
5= 1.2 , C, =250mm 500 mm
dau = 400 Kpa : (A) Gl (1-6) Jsaa
F, = 420 Mpa ,//// ’Ym“m
L N\
E! = 24 Mpa —— (B) Galdl (3-6) Jses /////,
P =780.42 KN

P, =996.762 KN

| =~

s sl slayf sl -1

L=39m

B =325m

A=7.15m?

x =1625m y=195m

e, =15m ey, =17m

I, = 16.0656 m* I, = 11.1566 m*
M, = 1326.714 kn.m M, = 1170.63 kn.m

Qmax = 393.111 Kpa < qu; ok

-+ () el 3loms) -2

sl pasll e (@
PH
d = 495 mm
by = 1245 mm v
:Bc =2 \d/z :C:
@ Ve, = 855417 KN T ;&

®VC2=2128236KN 7'y '“ % A &%

® Ve, = 855.417 KN x I I I }/q,,

—

1
5IiJ
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Ai)a Aiyag 9 d2dig hiljal
s ughall slms¥l 3 ‘__;ab.:z(l uadll e (b

d=1230mm

o5 2llidy @Sxall g (hglall sles™ 3 ‘__;.;L;YI oaddl

: sadll LY § padll 3.5 -3

x=177m
V, = 695.805 =~
m

OV, = 853.647 XX > 695,805 XX
m m

x=34m

w, = 2272.1816 XX
m

p = 0.0041509

2
A, = 5105.607
m

Using (#16) bar Ag, =201 mm?
t =1330 mm

Prmin = 0.0018
2 2
Agpi = 2394 —— < 5105.607 ——
— d+15d o 00000000 |
Pmax 0.01821 b ROSOPNENONRNRORREN [ s o H

2 2
A, =223983 = > 5105.607 —
max m m

ol

—
| —
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Ai)a Aiyag 9 d2dig hiljal
bl s o a3l

s =40mm

Smax = 3990 mm

Use 16 @ 40mm c/c {inlong direction }

s padll Bl (§ Ll 34805 -5

x=3.0m

KN.
ty = 1769 T’”
p = 0.003199

A, = 3934.77 T
m

Asq = 15345.6 mm?
2
A, =14292.05—
(ans s 2ny ,200) m
Adasosll Zakail) § ety (n 20Lud
S =50mm

Smax = 3990 mm
Use ¢l6 @ 50mm c/c {(3.25 m) Loy Hdasgll Ay 21}
il 2] s

2
=2146.02 =22
m

S (Gaslad g al)

S =90mm
Smax = 3990 mm

Use ¢16 @ 90mm c/c (EWHES (FRA1)

S 3gaall (F2) B lall muld munga (4-3) S

—
| —
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e Q¥ a5l qualiatll mladll s ¢y 58 oS aluialy 2kl Jlal (e 55,S2 58! e aSI g 25,50 o (ye 20411
Al s Hlys puad L]l 28

Lbeo pdgs pasedl Ll o LS doadl 28l Hua J1 23LSYL obloll JU ua o mduddl duds> (e 58 oS pliseiwl Ols
Ay Wiy duaial) w8 A Ayt SLESY cpasatdl  (1-3) Jgamdly aandl e

23 Aiguey Bulite Alasyied LAY measatll o (1-3) Jgun

T
EIPOm | ol Jglaltl
@16 /15 cm cpal=rdl 50 cm 170 cm 190 cm _
@16 /15 cm cpal=dl 50 cm 130 cm 160 cm _
@16 /15 cm cpal=dl 50 cm 130 cm 160 cm _

ldag Lzsadly gy WL‘A:’WU"'L‘“J STl g e Uasd olia BLEML Oreotidl L«.L:M‘éﬁ\ Lolazdl of Lnylguanlly aiil ga Lo slmylg
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T T B T
il sl=s¥l Jglatl slems¥ EIPom | ge-3ed] Jskad!
?16/20cm ?16/27 cm 40 cm 160 cm 180 cm _
?16/5cm ?16/11cm 95 cm 260 cm 320cm _
@16/5cm ?16/4cm 133 cm 325cm 390 cm _

sasad @3 4l Wasdla o (ST (F1) suelall § solmid¥lg (o) il cudido 3 Uil puasatl) salel (o i B 4l ams g
Agllall do Ll oo yial i€

ool e 48La] 2 950w La gy @19 & sgme ¥ 893 JI (sl ezl (oludl) (ralzs¥s Susgo malud!l 4aS ol
Loy Aladl JS Ui oo oLl Aaddly sgandl aung S duaidd) dulae § las bawl ool
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Jles¥l Eis e s clelanall el 4l e Caliss S paall clelasll éi dgdll Slelaall 13 i ¥ly @

lslal Bantate LY (e Lplualal puasnt 3 calias pranllall o) usloll Gillall i3 208y o

L{a_»jj Eﬁ-lévj—” A>Luy u»eLw‘Y\ Al (4 940 ‘Jaa_ﬂ«;‘jy_la e 0)S3 ~ b Jedd Slasilly Jolasdl o0 degaza Joe o3 (1)

Al 1ol al i) of cslaoluddl (o gl 1da plageiud (S sk §T ] Slioss Lyl Jasdy (ol 3os

‘wa Jj‘.,\.d‘ s J.&‘.J E.)}_?}U

S lj‘}” Jozdl ga9 LIl 4 pEs| ok o 929 coli i oLy ] ‘__5\41[.» Bag>gll clelaall il Jolusetls bl ia (S @39

.Gl)_??“ |ia J.Atﬂ u.Ua.? ‘51 wu‘zﬂ &yﬂa.h el A8 Ls)Sj ‘u.ul_wi” B Lae‘ L_Ja.a._vg a.l—s«_u‘ :bbuj u.uLmS” 4> luw L_.Ja.:..gj U*L‘“S“

Bes o alus] @b bue Janed oulyll el Lol oladll e Alalecll Jlao¥! o0 dile 00585 Lad¥) 5ells calimill pases Lod Lof

s Ll o oy 8,83 03 LeS Lo iny Lads 1 sl 3 Liag oy el ol slal s (6,5819 ol




Aggenill Jglaallg Ciliinigll 2l Jundll
tpasadd| OB Uog Slundg slgdl olgs 2-4
dansmiwd | algdl yolgs 1-2-4
ok Lo plasil @ paesatll Sllus (o2
24 Mpa = Llassl taglie 3 iluys @
tdesid |
bl @ peasatl Slilas 0585 Uiy Julay (ACKH77) 2uS0,0¥ Aol sl faud 3925l Lsadl sguzll (e (el 0555 Aagdll sia o clldg
(B) 3=l ¥l

420Mpa = ggia5 4aslis 93 (Deformed Bar) O3lxs gold g @
s |

(B) 3=lll (3-6) st «calially cyutzell 2l 38, 201 il 2SS olgiell oo Lol sootoeld Lads U3

W.ﬁ' M g QLHQ)& 2-2-4
(JWS claall Jobog el 5lade e Fliy quyds S Lpluo @3 Buasyl slayl @

20cm * 50cm= 4dm>=>.Laall
20cm * 60cm=6m = :Lasll = 5m (i

(B) Gl (ACHT7) 480,03 Zaolsll (50 (10.3.6.2) Wslacll lasg cllig
OF, = 0.8%0 085 % fous _ayenses,| @ =06

o e S AW Jlas plaseial @3 obadll (e alil) SO el sy @
KN KN
W =9.8384 — W, =12.6061 —
m m
(B) g=lll Il gszdl aaslad! Jlao¥! ol 2088 2801
A L ell3g an e S Apmmelly Boaill Sluladl Jgluzdly slimill Joc @3 @
cigal amlell a, Ll eladll ey 59l 131 il (gl slanall Jsbo Caimi 9lanty ALkl i laidl Sl ¢ gl oy ol 35l oLl 058 -1
(ool AU (8Dl ol Ao lis 039S U39 Jaadly il 1ia Sglmiee ya) (ulad (61 o) Julatad) uluddl o)l8 4ulad claall Jobs
Buslg
i) e elhs¥l e Wiy VIS mebadll Slluo e ) pa¥1 rales¥! § maladll ausgs -2
0= izl SeSl e coluoludll J Aazll 2 g3ad) daud 18 JLillis Bugluadie wlebiaall o) (ahidl e Jglazlly bl quasai @3 @
M,=0 M, =0
LA elane Jies @y dayldl capbadlly coylatll e ol Udg Amgaud) 2501 Joms A8 (10 0ud 2 Jgludly olimill puasat 03 @
SYE 2y 450 gl

dau, = 400Kpa qauy = 175Kpa Qau, = 125Kpa




Agaganill Jglaallg Ciliinigll il Juall
-+ daposaiddl Jolazdly ciliomid | ol asiw! 3-4

: Slpmil] ol usiw! 1-3-4

@ 0y Lele duamill @uall oSy 100%0 dulaall @uall (2 055 Y 18 40,85 @b Jaad Sliiill (o LayaS (29 794 slls Ablually bl Cipass

J515 535291 uabiaslly Lgiyling dilesesas o STl asall Gusidl 31 o) Lesd @adoall § Looliial oSs S8 e 008 panall § puiiud
RARES1Y

Lelas of A1 eMs ol 1865 Cazey euaatd| ,_3 Rt RV R TS P RES Y

Py ool e (3500 SO Laed-1
L clzalt Jgbs-2

L Y Lokl oS (@l Gqpg dmsased) Al o L1573
Byilie ol aloiial qty U Amilig (b eumsatll sLL Akl e 2l 398y abe G Juasll (e laspans o %

ot o ¢3S 5L Ly Ladl M @il (s s Al 3 131 Alondl n.i 3 (5S09 U Aol Las¥lg cylnall syl o o2 o) 9

?AL_uulbbdlNiﬂouluﬁl5ﬁpﬂsbpg¥uuu@5@gAuh§aﬂ¢¢£u@¢lum$d¢nﬁ&§ag|agxnmogtgguw
bl o lusei

U Y s ALl i g (1-4) Sl

; Space < 4m
2.5
/me/—ACI 318
5 (318)

:B (m)

1.5 /

A
\

gall=400kpa
0.5 gall=175kpa
gall=125kpa
0
0 100 200 300 400 500 600 700
Pu (kn)
JB ol ddeny aliall 6.8 ringn (1-4) &
From P, =400 - L=B=1.25

IQAQLg.LxJ.U oda (po %LLJ@J:J.U NE_H O}SJQUJL.@

Ag ol el 4 Lia L g bt el Jsbs d L3 3ec




Agguill Jglaalg Ciginigh aulyl Lol
gl st {:LL:':.I.w‘ 2-3-4
Y Lasly! Sy ¥ aild cline Cntesd O 4adly dagidl 058 Wl 3 4l Lo cilimill e 285 AST 0S5 Y (LI 3 Ll ol (S

sasatll ;,Lgia.c‘_j‘a.\mol;\.,m_‘&jjl.\;ﬂamou@hm \M&jl@@ﬁﬁﬂldﬁﬁ%%é&ﬁj&a&)\ el
52 4ld (0 Lyl @il of cluimill o Lple Jhamill @il Le 380y 0l pasall aiSs (S0

il Jobo i Ry lill el slagl 3obmts ¥ ol Byein oledll o Lios (3555 o) Lol ie £y dusleg Sliimill § Al

AN ML 865 e (380! (8 o ih) (B e Jolusdl alusiug

By sl e (3500 ST JedI-1
Jolazdl oz ¢Sy ¥y Led puasaddl oLl Zalll e 2l G badll (e lasgas iy @15 Qg1 2o saed] 2500 Jazes 2,18-2
A Jaoms 2415 (0 6551 oy

Aarasatll Jglazld aladl JSEI missy (1-4) Jgazdl

Frapeiall dlanll plall Sl s, (1-4) st

KN A d A, A d A, A d A,
m? mm mm?/m m? mm mm?/m m? mm  mm?
/m
100 v v v v v v v v v
200 v v v v v v v v v
300 v v v v v v v v v
400 v v v v v v v v v
2500 v v v v v v v v v
i@ dlanll oda s Lple Juamill @all 685 Jllly
Ag ol mlacdll g Alae A LS asls d L8 gec

( 1
| o )



Age.nill Jglaallg Giliinigll

ilyll Junnall

33541l | Slewlud | Olorasas 4-4
i daug sgaat Bayail | Siluludl Silasasas 1-4-4

IS g (2-4) JSadly 0= 23S a0l Aeid (18 Uity oLl 3550 3 sganll did 058 gl 3,5l) oLl g

C,=(50-60) cm
<>~ C=20 cm

&
>

=}
=X
- A
x
4

B

L“Jnaj .)}oa_‘ .)‘).é_lm ija" R (2—4) S
s dag geay Bayaill &l dnaraiaill &bzl | 1-1-4-4
14‘m2¢L4b.é.I| L]
L ol sl 09 Py (ol (e Il a3l SO asedl o Js g g1 (ol gy (3-4) JSCad

bl pasiad ¥ eLaall Job Cms Goladl Jobs 5lams @l 39« 3ulsk 6 JI cnialls cya 21l Balslall (pa it oiad ogaama o Jto3 JLesHls

Space < 4m
3
2.5
, /Lﬂ(sm)
E
P 1.5
L
1
gall=400kpa
0.5 gall=175kpa
gall=125kpa
0
0 200 400 600 800 1000 1200 1400
Pu (kn)

4m = elady Jawgsgand L bl Jsb g By dosed) o Jasyy sl gl sy (3-4) S5




Agigmill Jglaallg Dibiinigl 2l Jundll

ASY @30 coyanl w3 oyt Dl 99 @ peledl Gae g By oledll e Talaell a3l S Joodl (o oy gl o) gy (4-4) JSCa)
raesaill § Semdll @uall (B paall sia 0¥ Lae¥l @310 Coatlly mewn ¥y ¢ puasatll  ondl il e Lalas el

Space < 4m
350
300
250
— 200
€
£ dmin — ACI(318)
T 150
100 gall=400kpa
50 —qall=175kpa
gall=125kpa
0
0 200 400 00 1000 1200 1400

600 8
Pu (kn)

4m 2 elagy Jawg sgend d oludll Gas w9 By desedl o Jasys gl il g (4-4) JSa

Sleisl By eesaadd ig « Jsb ste JST A gzl AL g By olad) (e aluall (pasl JSO1 ozl o Ja sy ) (gl zuangs (5-4) JSA)

ekl s L
Space < 4m
1200
1000
— 800
€
S~
o
t
600
E
w
<
400
—— qall=400kpa
200 gall=175kpa
—qall=125kpa
0
0 200 400 600 800 1000 1200 1400

Pu (kn)

4m> elady Jawgsseand Ag mebad!l 2o lus s Py Jesddl o Loy gl somill g (5-4) US4




Agigmill Jglaallg Dibiinigl 2l Jundll

6m=>.laall>5m e
L ol oo 9 Py (ol (e Jalial 300 JSON ol oy Jasy 61 (il oy (6-4) JSCad

il auszad ¥ elaall Jobs caims oladll Jsbo 9las Al 39« alsls 6 JI caslls cyo 21ussl Balslall (3o it soiad Augma 028 Jta3 JLes g

6m = Space = 5m

4.5
4
3.5
, MQ(M&
— 2.5
E
= 2
1.5
gall=400kpa
1
gall=175kpa
0.5
gall=125kpa
0
0 500 1000 1500 2000 2500 3000

Pu (kn)

6m & 5Sm elady Jawg sgand L (ol Jobo o9 By Jasedl o oy gl gl sy (6-4) JS

SSY1 @, il i it Al 39 d ol s s By ool e bl 3l) JSI baedl s a0 iomill s (7-4) (Sl

6m = Space = 5m

700
600
500
2?400
£
© 300
200 gall=400kpa
100 gall=175kpa
gall=125kpa
0
0 500 1000 1500 2000 2500 3000

Pu (kn)

6m&Sm sl Jaieg sgaal @ bl Gas (g Py desddl o s ) gonill s (7-4) JS4




Agaanill Jglaallg Cilunigll 2l Jundll

sl e JSI Ag bl 2oL g Py ol (e oLl (8l S el o Loy ) (omil) qainsy (8-4) Sl
6m = Space = 5m
1600
1400
1200
1000

800

As (mmA~2/m)

600

400 gall=400kpa

gall=175kpa
200

gall=125kpa

0 500 1000 1500 2000 2500 3000
Pu (kn)

6m & 5m e Lady Jawg sgent Ag mdadll &luw o9 By Jezedl o Jasyy gl il sy (8-4) S8

s ol e pasaidl § dalall Slgagill @

ésq}?}l|AUU|J4253+QL§p+§&#qd‘iu;5§rlhaggya;d|LﬁL“51ﬁ|¢é;lel;};ﬁ|ﬁie4ﬂéguzdjlJ}b‘dn4athwylJynjjbﬁzdb-é-1
bl

lale¥l U515 ail 3y ol Gy i (oa ST Galedily Galedl) o LUkl 0685 o (#1502

A Aol e eldl) A clodl ol 02-3

t=d+dy+c.c

Ll (e ,3T g3 alasinl Lady 039kt Ul> 39 puasatll § LalasdVlslel L ellig 750mm e LU IS cladl s ¥ o Jiai-4

Wslall o Mg Ag e el oty Bayladl @il (e 0 elild! Boad masall oiai Ul 39« abuadll s> s sLas | Ly cosaell Gl -5

W

ASmhlzzpnﬁn,*b *t

where

b =1000

Pmin = 00018 for {f, > 400mpa} "> (B) st
( ]
{ 5 )



Agaguill Jglaallg Culinigll sulyll Ll
iy dgany B3 yaid &bl esasaill Jgazll 2-1-4-4

Jias Jleo¥lg A el 2o Luag A (oledll ALy @ ulaall Bae 09 By (oledll e Lol (3Ll JSI Jezed] o A8l iy (2-4) Jgaie)!
Jsbo cisai Solmts g uludl slagl Gy Wgudia a8 oladll dmlus 35S Wl 39 ¢ Balobo 6 ) cndal oo 2oyl Galshall (oo e suad g o

Joamll pusiu ¥ sLadll

oy sgaat Ag maludll aLuag A oledll ALy @ oLl 3ac (0 IS cas Py Jazedl o0 28Nl g (2-4) Joael

100 0.2 153 478 04 153 478 0.6 153 478
200 04 153 478 0.9 153 478 13 153 478
300 0.6 153 478 13 153 478 19 153 492
400 0.8 153 543 1.8 153 658 2.5 153 695
500 1.0 172 637 2.2 168 781 31 176 777
600 1.2 193 714 2.7 194 827 3.8 202 826
700 1.4 207 805 31 219 870 4.4 227 872
800 1.6 225 867 3.6 242 911 5.0 250 914
900 1.8 246 909 4.0 265 949 5.6 272 954
1000 2.0 267 948 45 286 985 6.3 293 992
1100 22 286 986 4.9 307 1020 6.9 313 1029
1200 2.4 305 1022 54 326 1054 7.5 333 1064
1300 26 323 1057 58 345 1086 8.1 351 1097
1400 2.8 340 1091 6.3 363 1117 8.8 369 1129
1500 3.0 357 1123 6.7 381 1147 9.4 387 1160
1600 32 373 1155 7.1 398 1176 10.0 403 1190
1700 34 389 1185 7.6 415 1204 10.6 420 1220
1800 3.6 405 1215 8.0 432 1231 11.3 436 1248
1900 3.8 420 1243 8.5 447 1258 11.9 451 1276
2000 4.0 435 1271 89 463 1284 12.5 467 1303
2100 4.2 449 1299 9.4 478 1309 131 481 1329
2200 44 463 1326 9.8 493 1334 13.8 496 1355
2300 4.6 477 1352 10.3 508 1358 14.4 510 1380
2400 4.8 490 1377 10.7 522 1382 15.0 524 1404
2500 5.0 503 1403 11.2 536 1405 15.6 538 1429
{ 69 )




Agiganill Jglaallg Ciliiaigll gl "
1@l agaat Bayaill Sl olopasas 2-4-4

L
Slaelalll @l L o G Spamill Dbl (29 == 205,000 Ay 13 Jlallyg bl (0 sl 21 § 500 s 058 sl 3581 Ll 529

il sgead 5,83l Gula¥l gy (9-4) JSadly gt pes dylas Al pg i B yme laludl) il 201 (355 Lacia (&g ol

C=(50-60) cm L/6 — :
<~ C=20 cm r_" E

! G

1 ! H

e B - Bic- |-

1 f |

tt y t v ; :

L ) ] o

B ] L | . .

tgile sgem B3 yaill Siluludl orasad)l &bzl 1-2-4-4
24‘m2¢L4'4.éJ\ L]
L ol sl 9 Py ol e Il (a3l JSI1 el o das g g1 mil| i g (10-4) JSCAN

il auszad ¥ elaall Jobo caims bl Jobo 9las Al 3« alsls 6 JI caslls cyo 21l Balslall (3o it sotad Augma o8 Jia3 JLesHs

X Space <4m
2.5
) ma@w)
E
= 1.5
ﬂl
1
gall=400kpa
0.5 — qall=175kpa
gall=125kpa
0
0 100 200 300 400 500 600 700

Pu (kn)

4m 2 elagy gile sgead L ol Jsbo crug By Jesdl o Jasyy g1 gomill sy (10-4) (S




Agigmill Jglaallg Dibiinigl 2l Jundll

S 03,00 oyanll qi it Wl 99 @ Guledl Gas s Py poledl (e ol a5kl JSI Jasdl o Jog o) genill quainga (11-4) JSC2J)
raesaill § Semdll @uall (B paall sia 0¥ Lae¥l @310 Coatlly mewn ¥y ¢ puasatll  ondl il e Lalas el

Space < 4m
250
200
dmin — ACI(318
__ 150 G19)
€
E
©
100
—— gall=400kpa
50 gall=175kpa
gall=125kpa
0
0 100 200 300 400 500 600 700
Pu (kn)

4m> clady gil> 35aal @ Leladl) e g Py domedl o Loy ) gl g (11-4) S

Wy pasaeld iy ¢ ol o JSI Ag el dolue o9 Py ol e oLl rasll JSI Jasedl o dosg il gonill qeaingy (12-4) JSCa)

edd) s e sl
Space < 4m
3000
2500
2000
£
S~
o
<
€ 1500
E
<
1000 gall=400kpa
500 gall=175kpa
gall=125kpa
0
0 100 200 300 400 500 600 700

Pu (kn)

4m> slady @il s5aad Ag el 2 bus o9 By dasdl o sy o) amill s (12-4) (S




Agig.ill Jglaallg Ciliinigll il Junall
om=>.Lasll > 5m e
L ol sl s Py ol (e Jalial) (a3l JSO1 ezl o das g g1 mil| g (13-4) JSCA)

bl pasrad ¥ elasll Jols ciimi Geladll Jobo solas Bl 39« 3alsls 6 1 cndialls (o lamsl Balshall (3o stite Sad Bgaume ol o3 JLes¥l

6m = Space = 5m

4.5
4
3.5
; A — ACI(318)
— 2.5
E
= 2
1.5
—— qall=400kpa
1
gall=175kpa
0.5
— qall=125kpa
0
0 200 400 600 800 1000 1200 1400 1600

Pu (kn)

6m & 5m slaiy gile sgend L ol Jsbo cg Py el o Jasy g1 aomill g (13-4) S

S @8, il @3y cnyadl Al o A oeladl] Gae 9 Py oledl e Ll (sl JSI ol o Jayy ) gl zeaingy (14-4) (S
peresatll § Somdll il wuall sda oY il 03,10 Coyatlly ey ¥y ¢ muasatll § ol il e Lolas ellig

6m = Space = 5m

400
350
300
250
E
£ 200
© dmin — ACI(318)
150 z
100 ——qall=400kpa
50 gall=175kpa
—qall=125kpa
0
0 200 400 600 800 1000 1200 1400 1600
Pu (kn)

6M& 5m slady qile s5ea) d oladll Bas w9 By domdl o Ly o) smil | sy (14-4) S




Agaanill Jglaallg Cilunigll 2l Jundll

- dsb ste JSI A g mabudl &L css Py (ol (e ol pa3l) S ased o Loy g1 (ol uaingy (15-4) JSCad|

6m = Space = 5m
4500

4000
3500

3000

As (mm~2/m)
N N
(e} Ul
(e} (=)
o o

1500
gall=400kpa

1000
gall=175kpa

500
gall=125kpa

0

0 200 400 600 800 1000 1200 1400 1600

Pu (kn)
6M& 5m elady ilr sgand A medandll A>lia o9 By dozed) o Jasyy ) gl sy (15-4) IS4
SR e § g Akl Jladl s @z 4 e Laall Jab caims ol Jgbo 59laes > §-1
400Kpa = 1> gl 2 Lomes 215 (3585 Loie

Lo Legs 2098 4,01 Jozes 2418 (80 | uns ell3g Rectangular combined footing Jahiud! Juaill ol PNES PSP E

175kpa = 2o saud) 201 Jomes L5 065 Lotie

Strip footing o il ool ol izl @y of Jo¥I plall 8 ellig Rectangular continuous footing Juatud| yeiudl el ARESNPCAHE

125kpa = 1o gaudl L0 Joms 2416 G555 Losie

Adgas 4700 Joms Aul8 0980 |pians ¢ll3g Raft foundation 8yala G pasll oludl plaserl o 4l

ol Lle )l au 559 s ¢ gl e quasatl] @3 0¥ ellzg dpaiall aie lojle 09 ¥ 3gaall slaxsl-2
wl_u:y‘ (orogad Cb_zhub Eé}:;v}l‘ e 25810 suect (:U_zbula & loed | J| Jy.\_ﬂ Qiq-:‘;




Agaganill Jglaallg Cilsinigll gl il
i@ile sgeay Bapaill Slulaill Goraiatll Jyunll 2-2-4-4
Jies Jleo¥ly Ag zabuadll 2o Liag A (oladl) Ao Loy A (oLl Goe g Py (ol e Il (o3l SO Jod! 0 28Mall g (3-4) Joall

Jjja@ijﬁ\.zﬁdjﬂu"b&léh-}.Qbujmﬂiwualbmgjsﬁbéj‘@1#64\&5%&w;‘@|&‘3u|w e :.udig. NE

'Jﬁ-*-'.zj‘ ﬁ-‘zi—‘“-.‘, Y elaall

oy 35aat Ag maladll Ao Luag A (oleddll 2o Luag @ oLl Gac 00 IS 09 By Jase! o 28Mall sy (3-4) ol

100 0.4 153 478 0.9 153 478 1.25 153 478
200 0.8 153 675 1.8 153 955 25 153 1053
300 1.2 153 1273 2.7 153 1687 3.75 153 1831
400 1.6 157 1907 3.6 177 2059 5 178 2182
500 2.0 182 2142 45 203 2295 6.25 205 2421
600 24 206 2343 5.4 227 2499 7.5 229 2628
700 2.8 227 2521 6.3 250 2681 8.75 252 2813
800 32 248 2682 7.2 272 2847 10 274 2982
900 3.6 268 2830 8.1 293 3001 11.25 295 3138
1000 4.0 278 2968 9 312 3145 12.5 314 3284
1100 44 305 3097 9.9 331 3280 13.75 333 3421
1200 4.8 323 3220 10.8 349 3409 15 351 3552
1300 52 340 3336 11.7 367 3531 16.25 369 3676
1400 5.6 356 3447 12.6 383 3648 17.5 386 3796
1500 6.0 372 3553 135 400 3761 18.75 402 3910
1600 6.4 387 3656 14.4 416 3869 20 418 4020
1700 6.8 402 3755 15.3 431 3974 21.25 434 4127
1800 7.2 417 3850 16.2 446 4076 22.5 449 4231
1900 7.6 431 3943 171 461 4174 23.75 463 4331
2000 8.0 445 4033 18 475 4270 25 478 4428
2100 8.4 459 4121 18.9 489 4363 26.25 492 4523
2200 8.8 472 4206 19.8 503 4454 27.5 505 4616
2300 9.2 485 4289 20.7 516 4543 28.75 519 4706
2400 9.6 498 4370 216 529 4629 30 532 4795
2500 10.0 511 4450 225 542 4714 31.25 545 4881
{ 1 )




Appunill Jglaallg Giliinigll il Jundll
Z‘:g'\SJ .bj-o-i-' S.s).a.d.l QL&M?‘ QLA.}.MS 3-4-4

B L ¢ . . ¢
Sysadll Dlmll 29 g:y)ya. Lresds =X 297l 23S oM dayd 318 Sty ol (pe Jan gl i) 3 3gandl dud 0098 il 3yl (el a9
sgant 3,810 (el gy (16-4) JSdly (Lple 281501 Lol 25380 puad 2l Buelall (S ity Laaiay (@19 ol leeladll @le L eaa &

C;=(50-60) cm B/6 _ !
~=.C1=20 cm — + e
o ' H
| G l1A----- -
| K\ . :ZI fBss
1 N b B
I G P
! N
It bty |
L l ) 6
B B ) L o

G5y 9ead 3,810 ol ingy (16-4) JS4

(GS) 29y Bayarl Sl dcorasai!l Slimid | 1-3-4-4
Amsclasll e

oo tiie duad g e @b Jiad Jleo¥ly L Guledll oo s Py olell (e Tl (3Ll JSI1 el s Jayy g1 (amill gy (17-4) JSCad
Sl pasiud ¥ elaall Jsb caimi Goludl] Jobo 39lms Dl 9 < 3alsbs 6 J cndnlls oy 2lazl 315kl

Space < 4m
2.5
ACI(M&
2
_15
E
[=2]
L
1
gall=400kpa
0-5 ——qall=175kpa
gall=125kpa
0
0 50 100 150 200 250 300 350
Pu (kn)

4m> clady 585 sgaad L oledll Jsbo 09 By dasddl o oy i) somill s (17-4) (S




Agigmill Jglaallg Dibiinigl 2l Jundll

ASY 03,00 oyanll qi it Wl 99 @ Geledl Gas s Py poledl (e bl a5kl JSI Jasdl o Jog o) gomill i (18-4) JSCaJ)
raesaill § Semdll @uall (B il sia 0¥ yae¥l @310 Coatlly mewy ¥y ¢ prasatll § ondl il e Lalas el

Space < 4m
300
250
200
T dmin — ACI(318)
E 150
©
100
—— qall=400kpa
50 gall=175kpa
gall=125kpa
0
0 50 100 150 200 250 300 350

Pu (kn)

4m > clady 585 sgeal d ol Gae s By Jedl o Loy sl gmill sy (18-4) JS

Sleis By easaall g < Job ste IS A g el Bl (a9 Py ol (e Lol (031 SO el oty das s g1 gl zeaings (19-4) JSCA)

el as jlad
Space < 4m
5000
4500
4000
3500
E 3000
g
€ 2500
E
) 2000
1500 — qall=400kpa
1000
gall=175kpa
500
——qall=125kpa
0
0 50 100 150 200 250 300 350

Pu (kn)

4m > clady &S) sgand Ag el 4ol o9 By Jazedl o asy g1 (el sy (19-4) JSa

——
b |
(-]
—



Agig.ill Jglaallg Ciliinigll il Junall
om=>.Lasll > 5m e
L ol sl 9 Py ol e Jalial) (a3l JSO1 el o das g g1 (mil| i g (20-4) JSCA)

bl pasrad ¥ elasll Jolo ciimi Geledll Jobs sslas Bl 39« 3alsbs 6 I cndalls (o 1amsl Balshall (3o stite Sad Hguume 0B o3 JLesHl

6m = Space = 5m

4
3.5
Lynin — ACI(318)
3 —
2.5
£
-
1.5
1 —— qall=400kpa
——qall=175kpa
0.5
gall=125kpa
0
0 100 200 300 400 500 600 700 800

Pu (kn)

6m & 5m slaiy 4S) sgead L olalll Jsbo g By Jeazedl o Jasyy gl (il sy (20-4) JS

ASY 08,00 Copanll qy cyatll Wl 99 0 el Boe s Py poledl e oLl a3l JSI Jasddl e dayy 6! gt gy (21-4) JS2d!
rsesaill 3 Symdll @uall (B il oia 0¥ Hae¥l @310 Coanlly mewn ¥y ¢ puasatll § ond¥l il e Lalas cllsy

6m = Space = 5m
450

400
350
300

£ 250

< 200

)

150

gall=400kpa
100
—qall=175kpa
50
—qall=125kpa

0 100 200 300 400 500 600 700 800
Pu (kn)

6M& 5m sliady 585 sgeal A (ol 3ae s Py dasdl o oy sl gmill gy (21-4) JS




Agaanill Jglaallg Cilunigll 2l Junall

- dsb ste JSI A gmabudl &L css Py (ol (e Jalall pa3l) S ased o sy g1 (ol eaingy (22-4) JSCad|

6m = Space = 5m

As (mm”2/m)
S
o
o
o

3000
2000 gall=400kpa
gall=175kpa

1000
gall=125kpa

0

0 100 200 300 400 500 600 700 800
Pu (kn)

6mM& 5m eliady 58 sgea) Ag el & lus 009 Py desddl o oy sl amil) gy (22-4) S

s clmil] o peesatl! §Helall Glpagall @

A el G U3 Aalal) 1l 5L o2 4l6 sLaall Jslo iumi olall ol 3pbns Ul 91

{175kpa ,400kpa} = a>geull G301 Jazs 2015 0655 Lonic

A sgio I 298 (e 79l A1 Jazes AdilE 0980 | uas ell3g Strip footing (s el pladeiwl @i 48

125kpa = 2o saud) 201 Jomes L5 065 Lotie

Aaas L701 Jomes A48 09I |puns ¢ll3g Raft foundation 8,2l ¢ puazel oludl plaseinl ox 45l

ol Lle mdadll o g5s > ¢ ol e muasmntl] @3 ¥ ll3g dpanall aie Tojle ¥ sgaall olaesl -2

e e 5355 Y Byl slag¥ o e il e edadlly Bl puieianly 2Ll slag¥) S5 @y 4l 4y zgan p Loyl 058 Al §-3

B sl (e Ayl 0gS Al> 3 old)
el s e abaadlly Gaadl slmsl o 09 L (3150 Ja e Jgumsel] culyimikl 1 Btsaased) slas¥1 JUs o Lyl 0S¥ log -4

badlly Goledd) claso oy ulally Jososdl 3geall Aa,Lad) Slpz sl prez (£15 0 cm -5




Agaganill Jglaallg Cilsinigll gilll Juasil
1S sgany B3yail | Sl apasaid| Jouzd| 2-3-4-4
Jias Jleo¥lg Ag malatll 2> Luag A (oledll ALy @ ulaall Bas 9 By (ol e Lol (3Ll JSI ezed! o A8l iy (4-4) Jgaie)!

Jso i 39lnts g oLl slasl 0ly Uguio pd (eledl 2l 058 Al 33 ¢ Balsb 6 JI crdalls (o Elumsl Balslall (o site sl Bg e @il

Joamll pusiu ¥ sLadll

&S5 250t Ag mluadll 2> Luag A (o) 2> Ly @ ol 3o (30 IS 009 Py Jazedl o 283Mall (g (4-4) Jgaie)!

50 03 153 482 0.7 153 692 1.0 153 765
100 0.6 153 1386 1.4 153 1770 1.9 153 1884
150 0.9 181 2035 21 170 2693 29 159 3179
200 12 214 2453 2.8 200 3185 3.8 187 3707
250 1.5 243 2822 35 226 3619 4.7 212 4175
300 1.8 270 3154 4.2 250 4010 5.7 233 4645
350 21 294 3460 49 272 4370 6.6 254 5034
400 24 317 3745 5.6 292 4705 7.5 273 5397
450 2.7 338 4012 6.3 311 5020 85 290 5775
500 3.0 359 4265 7.0 329 5317 9.4 307 6097
550 3.3 378 4505 7.7 346 5600 10.4 322 6437
600 3.6 396 4735 84 363 5870 11.3 338 6730
650 39 414 4955 9.1 378 6129 12.2 353 7011
700 4.2 431 5167 9.8 394 6379 13.2 366 7311
750 45 447 5371 10.5 408 6619 141 380 7571
800 4.8 463 5569 11.2 422 6852 15.0 394 7824
850 51 478 5761 11.9 436 7077 16.0 406 8095
900 5.4 493 5947 12.6 449 7296 16.9 418 8332
950 5.7 508 6128 13.3 462 7509 17.9 430 8589
1000 6.0 522 6304 14.0 475 7717 18.8 442 8813
1050 6.3 536 6476 14.7 487 7919 19.7 453 9033
1100 6.6 549 6644 15.4 499 8116 20.7 464 9270
1150 6.9 562 6808 16.1 511 8309 21.6 475 9480
1200 7.2 575 6968 16.8 522 8498 225 486 9685
1250 7.5 588 7125 17.5 533 8683 235 496 9907
{ 19 )




Agaanill Jglaallg Cilunigll 2l Junall

:JL?:J‘ bueld Olowasas 4-4-4

. L . ¢
Az S Wledl sda piady Jus 5puS desd 95~ C1 = 258,00 daid 0l Jldly el gl § sgal) dud 0585 sl 3yaill (oluldl 29
ey Bgu ol Bae )1 Jles¥ 83l wie cUiSe sl pie iy Dldl sda § 46¥ clU3 Dl s sy ¥ Joly Slaolull @lle o)1 (10 02,09
delgall sda nias @3 4ld ladl pamy § Wl LY dagl Lo yat Lilee dausiun delsall sda 0580 Llasy solaidl acg Lkes Jouda pe

Sl Buel8 gy (23-4) JSadly «paouatll o g0Lazd¥lg call bl § eladly elyall oa alusied delio Jol> slamaly

C,=(50-60) cm C
2 7\ %
A (=20em o ol Al
'—.
C,

B
It t F N

L \ 4 3
le N| le N
I~ 1l I !

B
ZJL‘:‘J‘ due i) dcarasaid| Sl | 1-4-4-4
Amzclasll @
L (el Jsbo g Py bl (e Lol a3l IS Jodl 0 Ty g1 (gl g (24-4) JSCAJ)

bl pusrad ¥ elasll Jols ciims Geledll Jobo sslas Al 39« 3alsls 6 1 cndialls (o E1msl Balshall (oo stite Sotad Bgaume o8 Jio3 JLes¥ls

Space <4m
4
3.5
3
2.5
£ Lnin — ACI(318)
@ 2
L
1.5
1 ——qall=400kpa
all=175kpa
0.5 a P
——qall=125kpa
0
0 50 100 150 200 250 300 350
Pu (kn)

4m 2 elady sl saelal L (ol Jsb oy By desdd! o Jasyy ) gl i s (24-4) JS




Agigmill Jglaallg Dibiinigl 2l Jundll

S 03,00 oyanll wh it Wl 99 @ Geledl Gas s Py poledl (e baledll a5kl JSI Jasdl ¢ Jo o) gonill quainga (25-4) JSCa)
raesaill § Semdll @uall (B paall sia 0¥ Lae¥l @310 Coatlly mewn ¥y ¢ puasatll  ondl il e Lalas el

Space < 4m
900
800
700
600Preferably not exceed this limit depth almost (dp,qyx) /
E 500
E
© 400
300
qall=400kpa
200
——qall=175kpa
100
gall=125kpa
0
0 50 100 150 200 250 300 350

Pu (kn)

4m > lLagy slxllsuclal d bl Bac e Pu Sl o gy g gl s g (25-4) S

s B> cermall g« Jsbo o I A g malaell 2 Lo g Py poledll e Lkl a3 l) JSI1 Jasedl 0 s ol gl s (26-4) U2

medd) s e
Space <4m
3500
3000
2500
E
& 2000
£
£
<, 1500
<
1000 gall=400kpa
500 qa||=175kpa
gall=125kpa
0
0 50 100 150 200 250 300 350
Pu (kn)

4m > clady bl susclal Ag mdandll Alus w9 By dasedl o Jasyy o) amill i ss (26-4) S




Agig.ill Jglaallg Ciliinigll il Junall
om=>.Lasll > 5m e
L ol sl s Py ol e Jalial) (a3l JSO1 el o das g g1 mil| g (27-4) JSCA)

bl pasrad ¥ elasll Jolo ciimi Geledll Jobs sslas Bl 39« 3alsbs 6 I cndalls (o 1amsl Balshall (3o stite Sad Hguume 0B o3 JLesHl

6m = Space = 5m

6
5
4
'gg Lonin — ACI(318)
= //
2
gall=400kpa
1 qall=175kpa
gall=125kpa
0
0 100 200 300 400 500 600 700 800

Pu (kn)

6m & 5m elady Ll suclad L oludl) Jsb cmsg Py ol o Loy g0 gl sy (27-4) S

ASY 08,00 Copanll qy coyatll Wl 99 0 el Boe s Py poledl e oLl a3l SO Jasddl e dayy 6! gonill gy (28-4) JS2d!
esesaill 3 Symdll @uall (B il sia 0¥ Hae¥l @30 Coatlly mewn ¥y ¢ prasatll § ondl il e Lalas sy

6m = Space = 5m

1600
1400
1200
1000
B
£ 800
© £00 referably not exceed this limit depth almost (dax)
400 / qall=400kpa
all=175kpa
200 a P
gall=125kpa
0
0 100 200 300 400 500 600 700 800

Pu (kn)

6M& 5m el sl suelal d (oladll Bas g Py dezedl o oy gl aomill sy (28-4) S




Agaanill Jglaallg Cilunigll 2l Junall

- dsb ste JSI A g bl &L css Py (ol (e Jalall pa3l) S ased!) s Loy g1 (ol eaingy (29-4) JSCad|
6m = Space = 5m
4500
4000
3500
3000
2500

2000

As (mm~2/m)

1500
——qall=400kpa

1000
——qall=175kpa

500

gall=125kpa

0 100 200 300 400 500 600 700 800
Pu (kn)

6m& Sm elady Ll suelal Ag et &olus (9 Py ezl oo dasyy 1 dmil) ansy (29-4) US4

lismid] (e paasadll Jaalall lpagdl @

P Al @il By oledll e sl ST ozl Solmty ¥ ) s iliimill s (p0 euasazl-1

{175kpa , 400kpa} = 1>gaul) 200 Jaxs 2405 0S5 Losic

Ugida e meas By Olelaall pramd o) Bas @ud 0¥ 239 300KPA 59l ¥ o) cazmy By ol e Tl (a3l IS Jaedl 2043 013

Adee peg lalazsl

125kpa = 1o gaudl L0 Joms 2416 G585 Losie

Ugiio pb puad By Sleladll pram ol Gac @b o ell3g 230D A 39l ¥ o) cazmy By (olill e Tl ol SO Jaedl Aaid 13

OM 59 il dyle Cianio g 4SY claall Jslo Caims Solonts dguo oluddl slay) 0¥ ISy Aelae pég Goliazsl

Jasedl 0350 muad Tlas suelall C5EY lare dayldl 5,000 ekl delsd Blo delsall oda Loys ol cazmy delsall (oo gl ia alasil oy S3-2

Lele a3ldl
.Combined footing Jaill yeludl el (o Al a5l e Ay [, ol a8 dlasy e welgall o gl lda caymy o) Ses-3

.&_{.LMA:L”j wLJ}H Slaw R L_s\S).Nj L._S,\.’L'.lej ‘Jaaa‘,_” J}A’..U l&.sba.n L'_:L“,>_9.L” s ‘_SC‘)J ()‘ -4




Agignill Jglaallg Jiliinigll

il Lol

2)\45" Buclal M' Jg..u;ﬂ 2-4-4-4

ooy Ag melaatll tya> 2> Luag A (oledd) 2o Luns A (o) 3o 09 By oledll e Lol a3l JSI Jadl o 28all sy (5-4) Jgae)!

i 9bns g bl ol ols Wgia e el Ao Lo 058 Al 392 3alslo 6 1 catille (0 21l 3ulslall (n sie sciad Bugrama b Jiad

Sl suelal Ag maludll 2oLusy A oledll 2o Luay @ oLl Gac 00 DS 09 By Jase! o 28Mall s (5-4) ol

40

60

80

100

120

140

160

180

200

220

240

260

280

300

0.2

0.46

0.72

0.96

1.21

1.44

1.69

1.93

2.25

2.47

2.72

2.96

3.24

3.5

153

176

230

277

321

362

403

442

482

517

553

588

623

657

479

889

1236

1494

1713

1896

2063

2211

2354

2473

2587

2692

2792

2885

0.9

1.44

1.96

2.56

31

3.73

4.29

4.84

552

6.0

6.66

7.29

7.84

8.41

153

205

258

310

359

406

452

497

542

584

627

669

709

749

1082

1471

1717

1926

2088

2234

2356

2464

2566

2652

2736

2812

2883

2949

: Jolazdl o pasatl] § Aolall ez 53l

1.32

2.1

2.89

3.8

4.62

5.29

6.25

7.02

7.84

8.7

9.61

10.24

11.22

11.90

153

208

263

316

367

416

464

511

557

602

647

690

734

776

1662

1894

2087

2232

2346

2461

2555

2640

2718

2791

2854

2917

2973

ey dags iy 6m jolxss G aas lebasll g Lalasinl (S s Jls euaiatll (nas sliad Lias ¥ 46l Jeluzl! 2oz -1

o _ 100045 _

As

lelaall sia auass (K glazdl § sz 5480 oo Lad)

el Ll o (o Asldl Sl stl ez (£15 0 s -2

Al Aslall (e § bl sga Lol o 28l Gl @3,-3




Age.nill Jglaallg Giliinigll alll Jundll
el Sl &laasas 5-4

s Al Jooms b8 0 3 Al 3 1S s M1 o Lis (30 %50y ST 83,0 L) B Lio 0358 Wl (§ oLl (0 501 1 Lzl ot

204 G uasl el 252 (30-4) JSCadly (audgall slll Sotus §Las) Corun

(&
G G & 7 7
2 2 7
% % %
‘ \ ‘ ‘ B | 7 7 Z
t 7 7 7
L 1} I 7 7 7
|« > v
’ ’ Tk N
L
2 Gl oLl s sy (30-4) USLad!

Bl sia ey b e 3 mielis Lk S Lole iy 31 s al v Bypmned) Ll annt 3 Raubietaal] Golal s (Seuss
- (Rigid Method) diwla! 4, lall Nl

JVB, LAY e cootiad B0 Al Bl olndl g3l (30 Smmsedl ol lizel e (39 Bupanedl Lol qunias § Lpke Caylazll 2a Ll 2
oM Slesesatll G lasbeze! e I Lilall sdag L Juadll 3 2as, bl sy pacsatll Clshas

-t (Elastic Method) &5, 1) 4a. kel :Lsl

sda cuzgasg (Hetenyi 1946) Guia Jid (o 2o all 45,01 el (e mSlagall of colie¥l &, ka5 e Bubin 3puamd] Slulud] pasat] sl sda o
L9yl cglsd pnady «g3¥l gl L3l ¥ Cllgll aia (e ool IS 4,01 sl (e il W suie (ye AigSita oladdll ciad S A1 O (2 sy A ylasl)

) gl sall aglas Il o) Lol (o fasg « LAl (g ¥l Jaall 5y Lelal 458186 Cllsl

13] o Indo AU (o291 Jrall 5y Jalae (1555 Lovie Ao s g Anlumed! clilandly ¥ alall (1o TS pasiatsy Buidne EETN PRT [N

esalianll § (il 2as, ) Jo¥1 2as ally (a3 gy Hasylall s il wiy o Tadte vmmedl oledl) 1A saamiall a3e oo

0S9 Lo Le g3 808 08 nad L o G rvad) (ol Ao Luas (e 5350 ¥ Ayl a0 NN 2001 Lo 318 08 a3 )1 8,01 jumsg

Lelazial 0, ¥ bl ol {qq < 50kpa} oss 2> 3

- dasHle

a3 5yils 2,10 2anydall 31 s goelll on Laily bl aluseial o ¥ 4618 20 em e J31 ruamedl Galadll close 0158 @l 3




Agaanill Jglaallg Cilunigll 2l Jundll

:3M = Lasd 4 pant) cluludl Learaaid! bzl | 1-5-4

& Gnandl el slayl L6 Qi 0.5 liies (oladll 4> e as ummyLedl Beee¥l (g 5 Lo Buac] 9 llia 46 (5181 e paasatl @iy

A Ll 3ae s Py ol e Il cpasll SO ezl o Jasyy ) gomil| gy (31-4) JSidly . 7M % 7

Space =3
250
206 Less than the limit resort to design Elastic Method — ACI(3 18/
U
__ 150
€
E
o
100
50 space=3
0
0 500 1000 1500 2000 2500 3000

Pu (kn)

3m=clasld ol gae s By desdl o Loy gl gl gy (31-4) JS

Slesl &y mesaall g ol e JSI A g melandll A bus g Py (ol e Taliall (a3l USIH lasedl s dass g1 (il zeaiog (32-4) S
el as jlad

Space =3
1600

1400
1000

800

As (mm~2)

600

400

200

space=3

0 500 1000 1500 2000 2500 3000
Pu (kn)

3m=claal Ag meludl) @b w9 Py dezdl o oy gl amill gy (32-4) (S




Agaanill Jglaallg Cilunigll 2l Jundll

4m = elinal .4.'_;.\.442)‘ Ll Laragaid| il | 2-5-4

& Gnandl el slayl L6 Qi 0.5 liies (oladll 4> e as ummyLedl Beee¥l (g 5 Lo Buac] 9 llia 46 (5181 e paasatl @iy

A Ll 3o s Py ol e Il cpasll SO ozl o Jasyy ) gomill sy (33-4) JSadly 9 + 9

Space =4

Less than the limit resort to design,~” Elastic Method — ACI(318)

£ 200 /
E
T 150

100
50 space=4
0
0 1000 2000 3000 4000 5000 6000

Pu (kn)

4m=clasl d ol gae ous By el o Loy gl gl gy (33-4) JS

Slesl &y mesaall g ol e JSI A g melandll A bus 09 Py (ol e Taliall (a3l USIH lasedl s dasyy g1 (il zesiog (34-4) S

el as jlad
Space =4
2500
2000
~ 1500
<
E
E
< 1000
500 space=4
0
0 1000 2000 3000 4000 5000 6000
Pu (kn)

4m = claal Ag meladl) @b 09 Py desdl o sy gl gmill gy (34-4) (S




Agaanill Jglaallg Cilunigll 2l Jundll

:5M = cLadt 4 puantl ol dnaadd! cilieid | 3-5-4

& Sl Galadl slal ol Jly 0.5 jluiey el A3l pe dias Bz bl See¥) Gl olaline Bueel 9 clia 43l (alAs] e wpasatll iy

A Lol Gae s Py poledl) e Lol ol IS Jesedl o oy sl aomil] msnss (35-4) JSadly 11m + 11m

S =5
4o pace

400

design Elastic Method — ACI(318)

€
£ Less than the limit resort to
-]

space=5

0 1000 2000 3000 4000 5000 6000 7000 8000
Pu (kn)

Sm=elaal d Lol Gae s Py desdl o Loy gl il g (35-4) JS

s B camall iy« Jobo o IS A el 2 Lucs g Py ol e oLkl ) JSI sl g L ) gomill g (36-4) JSCall
el as jlad

Space =5

3500
3000

2500

N
o
o
o

As (mmA2)
[
(O]
o
o

1000

500 ——space=5

0 1000 2000 3000 4000 5000 6000 7000 8000
Pu (kn)

5m=claal Ag meludl) dobus w9 Py dezddl o Jasys gl gmill gy (36-4) (S




Age.nill Jglaallg Giliinigll il Junaill
:OM = Ladd 4 juand! alwlad daraadd| @bzl | 4-5-4

& Sl Galadl slal ol Jly 0.5 jluiey el A3l pe dias Bz bl See¥) Gl olaline Bueel 9 clia 43l (alAs] e wpasatll iy

A Ll 3o oo Py ol e Il ol JSI ezl o dasy sl aomill sy (37-4) JSadly 13m + 13m

Space =6
600

500

400

d (mm)
w
(e}
o

200

100

space=6

0 2000 4000 6000 8000 10000 12000
Pu (kn)

6m=claal d Loludll Gae s Py desdl o Loy gl gl g (37-4) JS

sy carmall iy« Jobo o IS A el 2 Lucs g Py ol e oLkl () JSI Jiosedl o Ly ) iomill angs (38-4) JSCadl
el as jlad

Space =6

4500
4000
3500

3000

As (mmA~2)
N N
o (6]
o o
o o

1500

1000

500

space=6

0 2000 4000 6000 8000 10000 12000
Pu (kn)

6m = Laal Ag meludl) &> bus 09 Py dazddl s oy ) amill ingy (38-4) (S




Chapter 5 cwuglall Junall

Cilungillg ailiill

Recommendation and Results

ailiill 1-5

Cilungill 2-5




Uilungillg ailiill vl Jundll

:@Lﬁ.” 1-5
(ACI11) 285,01 Lo sl Lr zraad ¥ il g Wgudin pe JSCAL bkl @panad @iy 4l g 9,ddl § dislys @3 Lo IS (00 i ly O
sl @ 4sbatdl 3929 aue Jlg MY Eigus JI 6352 ! ¥ Lol o AUl Loyl gl ooty Ll Bucld plasinls
23 Lany @ 81 289 GLASY Lasasad Amio (0 3atl 03 @1 bl (any @ aplll e AST pus LS alusial @
Boadl & 85l bl yud LSS (olgsell 1855 ane Laal colewl Buad U3 3 caadl ayg
LSl GLAT & lsie (K (0,45 ) Bluoysell Zaglie (qadls f, dpazell pauniell sl IS quasatll cdls de ol (55D ¢85
Aol Ao lly L@})L&Ajf;-, doyd ased) Adaall _.DL?_‘Z.N Jese E)j)@l.) e g éﬂl ).AC}" LE b @b.) Q9 8 s 29 s> K
delud @1 Lpasliasg Apall @ 200 ¢ 1931 (s @ casibiat)l Losgl az 55 ¥ cUiSy 4350 Aigie § LAY dulad bl a3 ¥
xS @39 Ausatsy o3l D I Ldalias @39 4550 Apce @ LA £l93T 0 LA (e 3w yas byl Joe @3 3llaill 1ia (he9
oo el peai bl (Sas elliSs gl 3 Wil cluladl ASY Bials Slagasad Jand Lesesad Jglirg Slimin Lo @3
.(ACI-11) El.és.j).a}” Lawloll Loy d 389 A gaudl dgumtl fpass Lo oo Bazilly dilasasas daxlpe
gzl e el 095 ST ellso {fy = 24 MPa} a5lu sl daglie gvadl deid o (e ¢l dglazlly oolieil) § passatll @
399 melad)) wumd ASHEL Lolssdl e Jpandl @3 clliSy oadl caladl @ sladd cllsg {fy > 17.24 Mpa} JJa, sl

(B) =ttt < I lally el 3l 38, 40 il ge

A4S G s Y @ daell Al Wleadl HLaedl cpay 3391 ae plaserad| S cUiSy Jguie Sy puasat)l Slsl A8l ang
sall Gl i e 5Lae¥! caay Lol 0

Lezdlas 244:S muasat]l 3 Awlill cluladll 48500 (0 asall ol 0803 (S puasatll § Zoladl ol sl Cyay s Jos
£ 954l 38558 illg A gkl Blally Lamdlaa of Lelitdl dad &> 3 L &aa il 51l (2 Log a1 23313

13) Loguas aall dals3 &I Slgaiall gal o piay bogadl o Wasdle ol 450 Agotay S Gl Jasd Zas bl 3401 o) Eo
Lele Jyazall sl¥l 3859 Llus El.;.a.;Scij Ll by Jl Gl @f Ui AT Lbazin p2 bgia o5 d>gasill bgrdl e ol

Yol dogaudl sgumdl ass bgia Janiuw (2 Jag Lesasat)l Jglazlly Slamill oy




Uilungillg ailiill vl Jundll

:Olao gl 2-5

1 Loy (o9 Ayl s ope Adianud | Bolanudl

P93 2o G9i) s yaiag Aaline Slulul ¢ 153y AST alsh sae @13 631 il e 255Lall Gudas -1
‘ELUI.HMMLQJQT&JB@;’U@‘W&ALp)mj&ﬂmgmémya&lamjwl-z

esonl Cariiatll e acl (s ciriatll Ados 3 psills U1 (asbias A3pal Lulasll coylasll sl ls 2 Aad Al Joc -3

5954l 1ia § 5sSall

Blskall sueg ilelaally 201 Lo A48 oo Lalises ¢ 1559 ISy bl (ye Aalia #1931 (e Luasasatdl Jolazdly bl Jas -4
213 ST 5] Lo ST i e Upumnlly Lmass Lns ol i Algn ST ams hgm clyimil] e 25L2Y1 -5

il o 2L @iy Rl ! Aol sl Jlanianly Sied )51 euasat Bl Jlenials Jolazdly limill sila Lo -6

Lole clshasdl s S5 aing LA (o g 1551 Bk (e 925 55T ke Jadidd 8,81 o paags OISR -7

Wy AST LesSs Aepus st (@ e lud ooy A 9 ASIY Jsluzdl e Jaisly ASTaue (sl éi «(Excel sheet) alasiw! pruss -8

By8520 0585 Y U8 Bl cye Lipas k8 Lpaloiiael cillasy &1 B3 loed] il zaladl 0




1Y 'l.. { % f...}....o‘.

Appendices  gallLgll

- A galgll
Algegll Lylyillg Ayill
. B galgll
Agg.nill Cillalegll yanig Agadiagll slggll (plga
- C galgll




Adlgegll Lylxillg Auill A @algll

TI| JPWPS PN W IS 5

@-H-’*-” @.\J.“ Zt.vaﬂa._n.‘.oa.a)j.p o9 (1-6) JS&

Ayl olglas *

Ledllas cye uSTI way Aozl | U5 Ll pees 055-1

Lelead a3y L Jaudl 1 AN e ULl () -2

Sylesll S5l cletd pe canlils Ll alealye 28la 0655 Copms 501 00 (600 gmM) Jls> 05-3

Y sLayall alasial (Sasg « 3518510 5l (SIS 5150 alaseiuwly of delus cagai Bul aully Laje Taly U5 Ll (e 2501 a4 -4
JLL G Al el

ke 2aal) 20 g Jiie S 0575
Jie S e Baall 2500 ¢339 3858 (5) Byl § Baull 13l (e (1) 8slasell 3 5aamll J5Ll o130 7Ll -6

Ao luad | Sillaal

Jxie S e 2aall L1 (59 L
100 x T = Jiete S e il s
il U3 Bead G UL e 2l Readdl poame = Jinte JS (e 2uaSTU Awdll o

i) 20 3 ST Al - 10090 = Jiie JS e 8500 201 s 4




Adlgegll Lylxillg Auill A @algll

r Il Sgimll pens

W S5l and Lymt) Hylona sgum uaiss (2-6) S
(S gl cead Solglas *
W Less s (Sl psuinst¥1) 01 3sdl cipas (tan (p0 Al dige yiams -1
W Gis3s Adadl J s 2oyl ALl (30 diue puogs -2
el 24300 (1107 — 105°) i)l 2y oo 08 § lall g -3
W3 Lise (s 01395 @3 pall oy Adall 7,55 -4
(W5 — W3) saelll 395
(W5 — W) saadaliz;dl o396

WW W2 - W3

W, W, —w,

~——
| —



Adlgegll Lylxillg Auill A @algll

_ul)m_,lsa_a_l)]a—a.b.g.«dl NES a.vaﬂa._nloa.,z)j.‘a e (3-6) S

(i3S A yl) Wgad| d> cpead olghas *

(0.420 mm) o,las sl (36) w3, Jsikl (e Ly ey Lioels way 2Ll B Ll A1 e 3 -1
olatio pled 3 Ad Bigme (S 4SS eI (0 3eSG Al Lalies -2

Gl e el Sl Qg 3 Bgadl (0 ¢ 32 pubga -3

Aols i alusialy cndsas J) gall § diall @i -4

Al § ot Jaess (1 M) B8lacay Gulall Iadisy gm0 of Loty 5Ll 19 -5
3l o Jiolall 34l eomtly Lo cbyall sue Glus ok -6

(Aagko, 11 Sgmme) UL Sotoekl Ul sy Biall (ya 6 52 s -7

IS (@0¢) L G sgamlly (V) lpall sue Jamad @9 850 IS G S Gormll ek o 2sall e Agladl cilglasdl 5,85 -8
A e

Leadyleg! (bl sae) Gas¥1 ezl 05Ss o e G Gormlly Sbpall sue o A8Me gy Uguaad) o dayd slzy -9

(gl u>) Jiasg opis 25 e S sgreel) minud Lpage pudius bas e §5le 28Mall (55510




Adlgegll Lylxillg Auill A @algll
galll o Cend

e 15 AUy gall Al o oy ool et 6l L8y

2133..\.”‘ e Zb)_'a-_ﬂ ELgLu.A)}p 5443,3 (4-6) JS.&

Wl s Cad Sl glas *
(0.420 mm) o,las sl (36) w3, Jxuikl (o Ly ey Lioels wiay 2Ll R Ll A e 3 -1
Ll Bgzme s ST (0 2SS Bl Lalses -2

i Aipall Slad olasg diall 153 e oIS aBsiig. ipad) a3 § 384T S o JI aall gl plasialy s 75 e ol 3,45 -3

.C‘)-Az-” le.a
(BMm) Jlas die dall § 3add Sum o J &) 31 8,5 ol slis Gie 28La] e Lymall 1,5 -4

(Plastic Limit) gall u> Jiagd L Losbo Il (Sgima casmsg 3asidl] o8 Jgo dige d555-5




Adlgegll Lylxillg Auill A @algll

Syl Lol ghl S0 13 liuel BN Jooms o lad ol ASY 1 ouill peinga (1-6) Jouz

Natl. Board
of Fire
Chicago, Underwriters, BOCA,* Uniform
Soil description 1995 1976 1993 Bldg. Code, 19917}

Clay, very soft 25
Clay, soft 75 100 100 100
Clay, ordinary 125
Clay, medium stiff 175 100 100
Clay, stiff 210 140
Clay, hard 300
Sand, compact and clean 240 PR 140 200
Sand, compact and silty 100
Inorganic silt, compact 125
Sand, loose and fine 140 210
Sand, loose and coarse, or 140

sand-gravel mixture, or 4‘(‘;0

compact and fine 240 300
Gravel, loose and compact

coarse sand 300 240 300
Sand-gravel, compact I (. 240 300
Hardpan, cemented sand,

cemented gravel 600 950 340
Soft rock
Sedimentary layered rock

(hard shale, sandstone,

siltstone) 6000 1400
Bedrock 9600 9600 6000 9600

Note: Values converted from psf to kPa and rounded.
*Building Officials and Code Administrators International, Inc.
tAuthor interpretation.

2yl Gomies ANl Cadial i gs (2-6) ol #

Inorganic silts and very For all soils plotting nearly on “A” line use duzl symbols, i.e., Ip = 29.5,wy = 60 gives
fine sands, rock flour, CH-OH or CH-MH. When wy is near 50 use CL/CH, ML/MH. Take “nearly on” as +2
ML silty or clayey fine percent.
= sands, or clayey silts
2R with slight plasticity m_rﬁl ARANRERNRERERRRNENE LAXRN RERRE RS ALE RRALE LARS',
? 332 - 4 S/
2 w § Tnorganic clays of low o - / ’ 1
o | a5 medium plasticity, [ ,@’ @"/
S S w 50 NV L%
a 2 3 CL gravelly clays, sandy - Of*“ Q/ | 4
g 53 clays, silty clays, lean F S \{? ]
o = = clays N A > G/ i
& w % Q!
=] . o 40 i/ & Y ]
Ay Organic silts and organic - F -} c};. By ]
EL- oL silty clays of low g s;'/ N
g E plasticity = » 7
£ = 30 7 ]
e Inorganic silts, micaceous | 8 [ y, / l -
g =5 or diatomaceous fine 2 e 1 MHorOR 7
i g §.§ MH sandy or silty soils, a 2L ./ &4
o 2 elastic silts R A&/ ]
= 22 , . i /
=2 28 cH Inorganic clays of high B / / j
_S 23 plasticity, fat clays 10
a :n 7 y4 / 7
g 28 Organic clays of medium 4 L ML or OL N
g [ 2= OH mhxgpp%asmty, ST TN TSN RNV [ETNE ERTTE ENUTY ARUNRAERAN
organic silts 0 10 20 30 40 50 6 0 8 90 100
Q Liquid lLimit, w,
%'g 2 Pt Peat and other highly A-Chart
T 3 organic soils
(5]
( o )
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18 0.1 Jay
22 0.02 el s

KN
136~ = 24 % (0.12 % 0.18 + 0.5 % 0.07)  : szl 0391
0.85 -~ = 5x0.17  :aS,Lll 3s-2

1.97 ZX = 0.5 % (1.5 + 18 % 0.1 + 20  0.01 + 22 % 0.02)  $ls] cuo 393

KN
2. =4.18 —
:‘iL" Joxdl ol

LL=2+05=1%
m
:@‘M‘yh«.‘»

W, =1.2(D.L) + 1.6 (L.L)
W,=12+418+16%1=6616 —
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STRUCTURAL CONCRETE BUILDING CODEi(ACI 318-11) AND COMMENTARY 9

CHAPTER 1 — GENERAL REQUIREMENTS

CODE
1.1 — Scope

1.1.1 — This Code provides minimum requirements
for design and construction of structural concrete
members of any structure erected under requirements
of the legally adopted general building code of which
this Code forms a part. In areas without a legally
adopted building code, this Code defines minimum
acceptable standards for materials, design, and
construction practice. This Code also covers the
strength evaluation of existing concrete structures.

For structural concrete, fZ shall not be less than
2500 psi. No maximum value of f; shall apply unless
restricted by a specific Code provision. '

COMMENTARY
Rl.l — Scope

The American Concrete Institute “Building Code Require-
ments for Structural Concrete (ACI 318-11),” referred to
as the Code or 2011 Code, provides minimum requirements
for structural concrete design or construction.

| The 2011 Code revised the previous standard “Building
Code Requirements for Structural Concrete (ACI

| 318-08).” This standard includes in one document the rules
for all concrete used for structural purposes including both
plain and reinforced concrete. The term “structural
concrete” is used to refer to all plain or reinforced concrete
used for structural purposes. This covers the spectrum of
structural applications of concrete from nonreinforced
concrete to concrete containing nonprestressed reinforce-
ment, prestressing steel, or composite steel shapes, pipe, or
tubing. Requirements for structural plain concrete are in
Chapter 22.

Prestressed concrete is included under the definition of
reinforced concrete. Provisions of the Code apply to
prestressed concrete except for those that are stated to apply
specifically to nonprestressed concrete.

Chapter 21 of the Code contains provisions for design and
detailing of earthquake-resistant structures. See 1.1.9.

Appendix A of Codes prior to 2002 contained provisions for
an alternate method of design for nonprestressed reinforced
concrete members using service loads (without load factors)
and permissible service load stresses. The Alternate Design
Method was intended to give results that were slightly more
conservative than designs by the Strength Design Method of
the Code. The Alternate Design Method of the 1999 Code
may be used in place of applicable sections of this Code.

Appendix A of the Code contains provisions for the design
of regions near geometrical discontinuities, or abrupt
changes in loadings.

Appendix B of this Code contains provisions for reinforce-
ment limits based on 0,75, determination of the strength
reduction factor ¢, and moment redistribution that have been
in the Code for many years, including the 1999 Code. The
provisions are applicable to reinforced and prestressed
concrete members. Designs made using the provisions of
Appendix B are equally acceptable as those based on the
body of the Code, provided the provisions of Appendix B
are used in their entirety.
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94 STRUCTURAL CONCRETE BUILDING CODE (ACI 318-11) AND COMMENTARY

CODE

Beams, columns:
Primary reinforcement, ties, stirrups,

6] L 1-1/2
Shells, folded plate members:
No. 6 bar and larger........c.cceeveeeverireceeerererenn 3/4

No. 5 bar, W31 or D31 wire, and smaller....... 1/2
7.7.2 — Cast-in-place concrete (prestressed)

Unless a greater concrete cover is required by 7.7.6 or
7.7.8, specified cover for prestressed and nonpre-
stressed reinforcement, ducts, and end fittings shall
not be less than the following:

Concrete
cover, in.
(a) Concrete cast against and
permanently exposed to earth ...........cccceeeevvnennncn. 3
(b) Concrete exposed to earth or weather:
Wall panels, slabs, jOists......cvecvvieerneeeceresresnne. 1
Other Members......couceueecueeeneee e e eeeeesenns 1-1/2

(c) Concrete not exposed to weather or in contact
with ground:

Slabs, walls, JOIStS..uvu.ruiueeeeeerrerereee e s 3/4
Beams, columns:
Primary reinforcement......o...vvevereeeeeoverevnnnn, 1-1/2
Ties, stirrups, spirals .................. i ninis T 1

Shells, folded plate members:
No. 5 bar, W31 or D31 wire, and smaller ....... 3/8
Other reinforcement ........ dj, but not less than 3/4

7.7.3 — Precast concrete (manufactured under
plant control conditions)

Unless a greater cover is required by 7.7.6 or 7.7.8,
specified cover for prestressed and nonprestressed
reinforcement, ducts, and end fittings shall not be less
than the following:

Concrete
cover, in.

(a) Concrete exposed to earth or weather:
Wall panels:
No. 14 and No. 18 bars, prestressing
tendons larger than 1-1/2 in. diameter........
No. 11 bar and smaller, prestressing
tendons 1-1/2 in. diameter and smaller,
W31 and D31 wire and smaller.................... 3/4
Other members:
No. 14 and No. 18 bars, prestressing
tendons larger than 1-1/2 in. diameter........ e
No. 6 through No. 11 bars, prestressing
tendons larger than 5/8 in. diameter
through 1-1/2 in. diameter........coovvvveeeevsnnene. 1-1/2

COMMENTARY

Alternative methods of protecting the reinforcement from
weather may be provided if they are equivalent to the
additional concrete cover required by the Code. When
approved by the building official under the provisions of 1.4,
reinforcement with alternative protection from the weather
may have concrete cover not less than the cover required for
reinforcement not exposed to weather.

The development length given in Chapter 12 is now a function
of the bar cover. As a result, it may be desirable to use larger
than minimum cover in some cases.

R7.7.3 — Precast concrete (manufactured under plant
control conditions)

The lesser cover thicknesses for precast construction reflect
the greater convenience of control for proportioning, placing,
and curing inherent in precasting, The term “manufactured
under plant control conditions” does not specifically imply
that precast members should be manufactured in a plant.
Structural elements precast at the job site will also qualify
under this section if the control of form dimensions, placing
of reinforcement, quality control of concrete, and curing
procedure are equal to that normally expected in a plant.

Concrete cover to pretensioned strand as described in this
section is intended to provide minimum protection against
weather and other effects. Such cover may not be sufficient to
transfer or develop the stress in the strand, and it may be
necessary to increase the cover accordingly.
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CODE

7.12.2 — Deformed reinforcement conforming to 3.5.3
used for shrinkage and temperature reinforcement
shall be provided in accordance with the following:

7.12.2.1 — Area of shrinkage and temperature
reinforcement shall provide at least the following ratios
of reinforcement area to gross concrete area, but not
less than 0.0014:

(a) Slabs where Grade 40 or 50
deformed bars are Used.......cceevvereirreecrrerenns 0.0020

(b) Slabs where Grade 60
deformed bars or welded wire
reinforcement are Used ........coeeviiiemsreeennnisensas 0.0018

(c) Slabs where reinforcement
with yield stress exceeding 60,000 psi
measured at a yield strain of

0.0018 x 60,000

fy

7.12.2.2 — Shrinkage and temperature reinforcement
shall be spaced not farther apart than five times the
slab thickness, nor farther apart than 18 in.

0.35 percent is used......cccceeeunnennns

7.12.2.3 — At all sections where required, reinforce-
ment to resist shrinkage and temperature stresses shall
develop fy in tension in accordance with Chapter 12,

7.12.3 — Prestressing steel conforming to 3.5.6 used
for shrinkage and temperature reinforcement shall be
provided in accordance with the following:

7.12.3.1 — Tendons shall be proportioned to provide
a minimum average compressive stress of 100 psi on
gross concrete area using effective prestress, after
losses, in accordance with 18.6.

7.123.2 — For monolithic cast-in-place post-
tensioned beam-and-slab construction, gross concrete
area of a beam and tributary slab shall consist of the
total beam area including the slab thickness and the
slab within half the clear distance to adjacent beam
webs. It shall be permitted to include the effective force
in beam tendons in the calculation of total prestress
force acting on gross concrete area.

COMMENTARY

slab. Consideration should be given to strain demands on
reinforcement crossing joints of precast elements where most
of the restraint is likely to be relieved. Top and bottom rein-
forcement are both effective in controlling cracks. Control
strips during the construction period, which permit initial
shrinkage to occur without causing an increase in stresses, are
also effective in reducing cracks caused by restraint,

R7.12.2 — The amounts specified for deformed bars and
welded wire reinforcement are empirical but have been used
satisfactorily for many years. The area of reinforcement
given by 7.12.2.1 may be distributed near the top or bottom
of the slab, or may be allocated between the two faces of the
slab as deemed appropriate for specific conditions. Splices
and end anchorages of shrinkage and temperature reinforce-
ment are to be designed for the full specified yield strength
in accordance with 12.1, 12,15, 12.18, and 12.19.

R7.12.3 — Prestressed reinforcement requirements have
been selected to provide an effective force on the slab
approximately equal to the yield strength force for
nonprestressed shrinkage and temperature reinforcement. This
amount of prestressing, 100 psi on the gross concrete area,
has been successfully used on a large number of projects. In
monolithic beam-and-slab construction, a minimum of one
shrinkage and temperature tendon is required between
beams, even if the beam tendons alone provide at least 100 psi
average compression stress on the gross concrete area as
defined in 7.12.3.2. Any size tendon is permissible as long as
all other requirements of 7.12.3 are satisfied. Application of the
provisions of 7.12.32 to monolithic cast-in-place post-
tensioned beam-and-slab construction is illustrated in
Fig. R7.12.3(a).

Where the spacing of slab tendons used for shrinkage and
temperature reinforcement exceeds 4.5 ft, additional
nonprestressed reinforcement is required to extend from the

B galgll
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CODE

10.3.5.1 — Use of compression reinforcement shall
be permitted in conjunction with additional tension
reinforcement to increase the strength of flexural
members.

10.3.6 — Design axial strength ¢P,, of compression
members shall not be taken greater than #Pp, may.
computed by Eq. (10-1) or (10-2).

10.3.6.1 — For nonprestressed members with spiral

reinforcement conforming to 7.10.4 or composite
members conforming to 10.13:

#Pn,max = 0.854[0.851/ (Ag— Ag) + f,Ag] (10-1)

10.3.6.2 — For nonprestressed members with tie
reinforcement conforming to 7.10.5:

#Pn,max = 0.804[0.851(Ag— Agr) + fyAge]  (10-2)

10.3.6.3 — For prestressed members, design axial

strength, #P,, shall not be taken greater than 0.85 (for
members with spiral reinforcement) or 0.80 (for

members with tie reinforcement) of the design axial
strength at zero eccentricity, #P,,.

10.3.7 — Members subject to compressive axial load
shall be designed for the maximum moment that can

accompany the axial load. The factored axial force P, at

given eccentricity shall not exceed that given in 10.3.6.
The maximum factored moment M, shall be magnified
for slenderness effects in accordance with 10.10.

COMMENTARY

R10.3.6 and R10.3.7 — The minimum design eccentricities
included in the 1963 and 1971 Codes were deleted from the
1977 Code except for consideration of slenderness effects in
compression members with small or zero computed end
moments (see 10.10.6.5). The specified minimum eccentricities
were originally intended to serve as a means of reducing the
axial load design strength of a section in pure compression
to account for accidental eccentricities not considered in the
analysis that may exist in a compression member, and to
recognize that concrete strength may be less than f under
sustained high loads. The primary purpose of the minimum
eccentricity requirement was to limit the maximum design
axial strength of a compression member. This is now
accomplished directly in 10.3.6 by limiting the design axial
strength of a section in pure compression to 85 or 80 percent
of the nominal strength. These percentage values approximate
the axial strengths at eccentricity-to-depth ratios of 0.05 and
0.10, specified in the earlier Codes for the spirally reinforced
and tied members, respectively. The same axial load limita-
tion applies to both cast-in-place and precast compression
members. Design aids and computer programs based on the
minimum eccentricity requirement of the 1963 and 1971
Codes are equally applicable.

For prestressed members, the design axial strength in pure
compression is computed by the strength design methods of
Chapter 10, including the effect of the prestressing force.

Compression member end moments should be considered in
the design of adjacent flexural members. In nonsway
frames, the effects of magnifying the end moments need not
be considered in the design of the adjacent beams. In sway
frames, the magnified end moments should be considered in
designing the flexural members, as required in 10.10.7.1.

Corner and other columns exposed to known moments
about each axis simultaneously should be designed for
biaxial bending and axial load. Satisfactory methods are
available in the ACI Design Handbook'"“* and the CRSI
Handbook.'9 The reciprocal load method'%S and the load
contour method!%7 are the methods used in those two hand-
books. Research!08:199 indicates that using the equivalent rect-
angular stress block provisions of 10.2.7 produces satisfactory
strength estimates for doubly symmetric sections. A simple and
somewhat conservative estimate of nominal strength P,,; can
be obtained from the reciprocal load relationshipm'6

B galgl
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270 STRUCTURAL CONCRETE BUILDING CODE (ACI 318-11) AND COMMENTARY
CODE COMMENTARY
15.6 — Development of reinforcement in
footings

15.6.1 — Development of reinforcement in footings
shall be in accordance with Chapter 12.

15.6.2 — Calculated tension or compression in rein-
forcement at each section shall be developed on
each side of that section by embedment length, hook
(tension only) or mechanical device, or a combination
thereof.

15.6.3 — Critical sections for development of reinforce-
ment shall be assumed at the same locations as
defined in 15.4.2 for maximum factored moment, and
at all other vertical planes where changes of section or
reinforcement occur. See also 12.10.6.

15.7 — Minimum footing depth

Depth of footing above bottom reinforcement shall not
be less than 6 in. for footings on soil, or less than 12 in.
for footings on piles.

15.8 — Transfer of force at base of column,
wall, or reinforced pedestal

15.8.1 — Forces and moments at base of column,
wall, or pedestal shall be transferred to supporting
pedestal or footing by bearing on concrete and by
reinforcement, dowels, and mechanical connectors.

16.8.1.1 — Bearing stress on concrete at contact
surface between supported and supporting member
shall not exceed concrete bearing strength for either
surface as given by 10.14.

R15.8 — Transfer of force at base of column,
wall, or reinforced pedestal

Section 15.8 provides the specific requirements for force
transfer from a column, wall, or pedestal (supported
member) to a pedestal or footing (supporting member).
Force transfer should be by bearing on concrete (compressive
force only) and by reinforcement (tensile or compressive
force). Reinforcement may consist of extended longitudinal
bars, dowels, anchor bolts, or suitable mechanical connectors.

The requirements of 15.8.1 apply to both cast-in-place
construction and precast construction. Additional require-
ments for cast-in-place construction are given in 15.8.2.
Section 15.8.3 gives additional requirements for precast
construction.

R15.8.1.1 — Compressive force may be transmitted to a
supporting pedestal or footing by bearing on concrete. For
strength design, allowable bearing stress on the loaded area
is equal to 0.854, , if the loaded area is equal to the area on
which it is supported.

In the common case of a column bearing on a footing larger
than the column, bearing strength should be checked at the
base of the column and the top of the footing. Strength in
the lower part of the column should be checked since the
column reinforcement cannot be considered effective near
the column base because the force in the reinforcement is
not developed for some distance above the base, unless
dowels are provided, or the column reinforcement is
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16 330 300 | 005|005 | 120 | 035 | oo | 218 | RIS | RodshBan
whal) ~ladd s #lal
14 440 00 | 005 (005|095 | 030 | 035 | <10 | R0 | S AN
ceo | Hieh Strength
3 620 420 005 | 0.05 | 150 | 040 | 045 | 40~10 | , o O | SteelRodsd
Bars
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TAELE 4-1 MINIMUM UNIFORMLY DISTHIBUTED LIVE LOADS, L,, AND MINIMUM CONCENTRATED LIVE LOADS

Qccupancy ot Use ) ) Uniform Cong.
: pst (kN/m?) Ib {kN)
Apartments (see Residential)
Access floor systems : ) : '
Office use : . . 50 (24) 2,000 (8.9)
Computer uge ) o S . 100 4.7 2,000 (8.9)
Armories and drill rooms : Coe e : 150 (7.18)
Assembly areas and Ltheaiers . o i i
Fixed seats (fastened to floon T o e 60 (2.87)
Lobbies ; . . 100 (4.79)
Movable seats i ) : © 100 4.79)
Platforms {assembly) : S ) : : ; 100 4.79)
Stage floors - . i Co Sl el : ~ 150 (7.18)
Balconies (eaterior) . - ST : i : : 100 (4.79)
On one- and two-family residences only, and not exceeding 100 ft2 (9.3 m®) . o 60 (2.87)
Bawling alleys, poolrooms, and similar recreational areas 75 (3.59)
Catwalks for maintenance access 40 (1.92) 300(1.3%)
Corridors . . .
First floor 100 4.7
“Other floors, same as occupancy served except as indicated
Dance halls and ballrooms 100 (4.79)
Decks (patio and roof)
Same as area served, or for the type of occupancy accommodated
Dining tooms and restaurants 100 4.79)
Dwellings (see Residential)
Elevator machine room grating (on area of 4 in.2 [2,580 mm?1) 300 (1.33)
Finish light floor plate construction . 200 (0.89)
{on area of 1 in.2 [645 mmZ})
Fire escapes 100 (4.7%)
On single-family dwellings only 40 (1.92)
Fixed ladders See Section 4.4
Garages (passenger vehicles only) 40 (192
Trucks and buses )
Grandstands (see Stadiums and arenas, Bleachers)
Gymnasiums—main floors and balconies 100 4.79)
Handizils, guardrails, and grab bars See Saction 4.4
Hospials
Operating rooms, laboratories 60 (2,871 1,000 (4.45)
Patient rooms . 40 (1.92) 1,000 (4.45)
Corridors above first floor . 80 (3.83) 1,000 (4.45)
Hotels (see Residensial)
Libraries
Reading rooms 60 (2.87) 1,000 (4.45)
Stack rooms 150 (7.18)¢ 1,000 (4.45)
Corridors above first floor 80 (3.83) 1,000 (4.45)
Manufacturing
Light 125 (6.00) 2,000 (8.90)
Heavy 250(11.97 3,000 {13.40)
Marguees 75 (3.59)
Office Buildings
File and computer rooms shall be designed for heavier loads
based on anticipated occupancy
Loi_:bies and first-Hoor corridors 100 (4.79) 2,000 (8.90)
Offices 50 (2.40) 2,000 (8.90)
Corridors above first floor 80 (3.83) 2,000 (8.90)
Penal Institutions ) :
Cell blocks : 40 (1.92)
Cotridors 100{4.79
Residential
Dwellings (one- and two-family)
Uninhabitable attics without storage 10 (0.48)
Uninhabitable attics with storage 20 (0.96)
Habitable attics and sleeping arcas 30 (1.44)
All other areas except stairs and balconjes 40(1.92)
Hotels and multifamily houses ;
Private rooms and corridors serving them 40 (1.92)
Public rooms and corridors serving them 106G (4.79)
Reviewing stands, grandstands, and bleachers : 100 (4.7
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115 0.97 0.89 0.67 1.36 1.5

1.30 112 0.98 0.76 152 2

152 1.35 1.11 0.88 1.78 3

1.83 1.68 1.27 1.05 2.10 5

2.25 2.12 1.49 1.26 253 10

3.70 3.60 2.20 2.00 4.00 100

5.15 5.03 2.94 2.75 5.47 1000

6.60 6.50 3.70 3.50 6.90 10000
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