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single =olid cantilover bar, while the braces o
amil ave divected along the railing of cnrvalure of the bar (Fig. 4
1T the hroces are hinged, each post doforms independently (Fig. 1060,
and the bracea torn while remnining horizantal. These twe extremo
eoses o not aclually oceur ns real beaces always fonture some depgren
of vielding aml the posts deform as shown on Fig. d.Ge; the hraces
bend wiwd underga shear deformations. Loeal moments and shoearing
forces appeat al points where the braces are rigidly conuectel 1o the

Fip. £.0. Gnlenlation dingrams and dingrame ol siresses in poals of single-liace
structures, The arrows show the forces transmitted Lo the posls iy lincrs

posts, The shearing forces due Lo Lho braces build v p adong the length
of Uhin pust and givo riso Lo a normal force N in it The eutside moment
in this pallern is

MO =200 Ny

For hiraces of normal yielding propertics, the second member on tho
right of Upe equation is several Limes as greal as the first member, and
Uspeefore al Uie same external moment M® the moments in the posts
aeeording o e pattern of Fig. 3.6e will be much smaller than the
wnes according to Lo pattern of Fig, 3.G5. The stilfer the beaces, Lhe
lossor the moments, and Tor absolntely rigid braces the palttern of
Fip. Ltc changes Lo Liab of Fig. 3.0,

Allowanee for the actual yieliding of braces makes possible & moto
ascenrate evalintion of the displacement of the building top and tho
sugele ol Lhe slope. As is evident from Fig, 3.6; these displacements,
when ealenlated aecording Lo the patiern (0), are somo whal exappern-
tod: [ 50 fan e 2 o

The hearing system of o many-storeyed buiiding may be moidedied
Iy various calenlalion patterns; mosk representative aro the vearlang

f* Wl Py P - i - ”.\. P hamit ottt

L. S s Ea &

,.}.?_rw..ﬂ.m_:.n_u.._..mm...__.u_.._.:m_n 20

{eoutilover), the discrete, the dizerete-continnanl and the overlang
(eantilover) substitution patterns whose principles can best be des-
eribed by considoring o simple one-heaced vertical - bearing struelur
3.7).

In the overhang (cantilever) patlern, Lhe spee
substituted by hinged-and-braced eantilever Iiaes B, Ul Bl inge sl
the shearing stresses upon the brsces are nol Iaken inlo neconnl,
Each eantilever bar is caleulated Tor its load which is determinel

il syslem o is

(b) (c) ()

oo e e e f s Het e f ]

|

LT E— T 0 rr s e

+}

F e i L

Fip, 3.7, Calenlation diagrams ol a single-lrace bearing stonelure of a wolti-
storey Duilding

{n) nctunl design; (b ovethane feantileser) desigog icl
design? te) overlimmg-sahadl

e abesiezng 0 liscorle
n alenipn

(on the basis of equal dellections) by disteibuting all of e Lol
proportionately Lo the rigidilies of the bars. This enlenlation pallem
in most simple, but its use is justified only when the braee= in arval
benring system nro either Hexible or rigid, which is o rane oecarne
In the discrete pattern [18 and others], the given syslem a is replae
ced by a frame ¢, In the main system the braces are cul ont am! -
wiit forces corresponding Lo the assnmed snlonowns are applicd at
the points of the eut. Next, the useal canonical equalions of L
method of redundant reactions are seloap Uoodetermine Lie valaes of
the walknown Torces. The unil amd the Jomd displacements enlering
these equations may be Toumd with due regard Tor the shearing al
normal forees, the deformations of supports nml other Tactine,
Wihen all of the braces are talien fobo account in e diserele pativim
the number of the unkoowns proves very geeat even Toe a s
Imilding. In this ense to simplily the ealeulations, the shear braces
nre considerod in gronps, or part of te braces is omitled or snbstito.
tedd by Dinged broces. On Fig, 3.7¢ every bwo aclual shear hroees
frenss bais for each storey) are replaced by a single one, which lalyes
the number of the unkoowns, Despile similar simplilications, e
pussililities for using the discrete ealeulation pallerns
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N ii—fur Bending deformation:

= _miﬁ- = k| = = 3
12E(E,T,) [Fit1 = Bo? +Fl1 = Fo) 2

B;, = iefleciun at top of frame due to bending of members

by

W= totul lateral ioad

£=story hapht

It = towal Lisigh

£ = Youny's modulus (subsarip derutes siructural system)

sum of monwents of ineria of columas at first-siory level

functions of 5 and g, éspendent on the type of lozang
1_attop of frame

[ 3t botlom of frame

=

$ = ralio Linear variation of /_ and J,,
> with height. 11 £ varies, use

Ay Htop O e ( El instead of /.
"b at bottom of frame/

Br = ‘J‘? where D 15 beani deoth

£ = o

i =%, where Cis column width and £ is distance batween €oi-
umn center Hnes

=(E-LIN) . . !
A= £t —.ie. summation over width of structure at first-
IELE L 1E) :
stary level
moment of inertia of heam at-bottom of structure

TION A=fur Axial d=formation:
WHF

by = 2
EAB

&, = deflection at top of frame due to axial deformation of ex

tenior columns
F, = function of n, dependent on the type of loading

Area of exterior column at top of frame

n = ratio - e
Arca of exterior column at bottom of frame

(linzar vasiation of 4, with height)
A . = arca of exterior columns at first-story level
B = tntal width of frame
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mes o mrg
Load Film=slorF (m=
condition i L
Puint load | log, m
al top m=1
Unifermly ! + m log, m
distributed 1-m (1-m)
1 3 + U Liis log, m
‘tiangular “rptan == il
(earthquake) iig—‘ﬂ+ 2 3 5
m= | (m - 1)
Logd
condition Fr

Point load

z
|-dn+3r?-2nlog. 0

L DEFLECTIONA =45+ 8,

e
5
surzcy, the following conditivns should be aatleNied:

i znd fp should rot vary aeross the lzame.

‘. ahruld Ant wary across the frame, except that irTor an interior column

Jauunld be twice 1hatl of an extennr co.umn.
“ulumns shuit’d have points of contrafexure at midheichi.
Stesy hewght shiould be conttant. :
Py .ard A should vary linearly with height.
= 5.
=7 Wicuid be smzll compared wath 85,

Janle results can ke exmecicd 1N many cases which satiafy the above con.

1 Onhes approvimziely.
paticn: A erd B saih tend 10 overesrimsre deflection.

e b 1 i et S s

at top (1-n}
Uniformly 2-9p+18n2=- 1lnd +6nloz, n
distributed 61 = )¢
2(2log. n 5(1-n+log, n)
3\n-1 (n=-1)3
- -
?4— G 4+ -3—;— + 3 105' n
=17
Triangular (n-1) e
|h o
(carthquake) S LFENA ?f_i_.."_ -log, 1
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255 of (2 wall te thot of the Toundatvn, ie. Prablens invelving several Names and walls may e
reduced 16 that of 3 single wall and frame as describzd | i,
Kg H f Section 2.1, nll-:tn:tlh‘cl}*. Kf or &, Tor each vertical unit,
Tw™ aE ." | may bhe calenlated separately and the results summad. 2K,
L ' and LK, are then used insiead of Ky and K in Equafiod”
where K, is the 7otational stiffness of the shear wall C.

suppait. IF the rotation at the base of the shear wall i3 Lo be
neglected, the terms with ¥, in Equatian

o amE AT

C shonld be_

gy

~ " Studies on shear wall-frame interaction nornally use
three pzrameters to aleline behavior; namely. N, 7., and
I, whare

i e M EL i
| l‘_— o=l
=Tpesrny Shiflhans - -
. sl et Bt E .2
Lk Baors -‘1“‘:""-\.._
; ! = AR : Pﬂ,# Ly using K, which is a fanction of A and 2/, tehavior can
f . | be u:scutaed in terms of only two ?&rtﬂhles Keand X
saan i : This simplifics the physical interpretation nt' the bl "-tl:h
Lz, s e wil i Also the paramcter P/W is uselful for estizaating the
q i ! ellectiveness af the frame (ar frames) in comparisain wilh
- the shear wall(s) in resisting luteral load and for assessing
t . : the eflect of various assumptions in analysis.
L 4 =
L — Frame
/ Sheaw Wall i
“—Tiening Suspart ! —;-_
in) STRUCTURE Ib) INTERECTION le} FARAME r,;f_a;n £p
AT TCP OhiY

ar SPRING

Fig. 5 Idealizetica for Equation C

enailed. Howevds, i effact of shear wall base rotation can

significantly sffect the distrilution of load between sheur
willz and frames, and Equation C can be used as 3 simple

mezthod of assessing this factor. i

Table 2. Equation C-

(When 2 frame and wall are interconnected as shown i in Fig.
5(n), maximun shaar on the fr2me tends to ceour to nrds
midheight (s2¢ Fig. 8). Equation C can underestinuate
maxintum [rame shear by 25 much as 30 percent in l]'us
area. Therzf2z2, when caleulating mements in th: fiame, i
is worthwhile to increase the caleulated valne cf P by 30
pereenl, :

(15X, I£j ia less thag 1, th: vse of Equation € is not_
IELUH‘IT‘EHI‘;Ld and the usc of c!mtlsf"‘-"l procuces_iiore
.1{:1.1:!:1-:: r:sults } .

B el

Load e i
corndition squstion C N{JT;\TID}i
3 P = interaction force at lap
1+ "r_‘r 1= 1otal 2pplicd lateral load
Point lozd e “'” B Kn”
at top Iy i L i
v, K L
S 1 Kp = rotational stiffness ol shear wall support
3 P 1 = totaliheight of wall
E\' L ;' £= Young's modulns (subscript dennies structurai syslem)
'la'llirﬂlf“'l:?! En —_- 3 : I's [ = mnhﬁ:nt ol inertia of well
distAbate X = .
'I L mm— i .:'!'.‘{ = "J ‘ -
: Y. K| K,= Hf‘ (with constant /) ]
T . A= pum[ wad 3t top of lrzmiz 1o cause unit deflection in
.-_r. T .T-.._ ils lll'r“ ol setion; i : ."11."';' _.i.._ since top il2flec-
Trignsalar L o2 ----__.2 T r A byt g
LFU.J1 g e : o L= T 4
LL. Tt u.‘!} I s 3 ‘ .I.‘..'.'L | .-Ir
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aea Sl M L e ol L .,,._uuﬂaaa I nﬁ,m_ M1 | M2
m |ton/m| m | ton.m ton [ton/m| tom |ton.m| m"4 m”4 | ton.m | ton.m
whs 15 10 30 11.06 |0.305| 9.15 [ 0.025] 12.12 8.53 25.60 15.36 | 0.05625 | 0.26042 | -4.93 | -22.80
s 4.5 10 30 | 96.19 10305 9.15 | 0,025 43.03 | 1244 | 3732 | 22130 0.05625 | 0.26042 | -7.37 | -34.14
pot | 75 10 30 | 257.81 | 0.305 | 9.15 | 0.025 | 87.89 | 17.53 | 52.58 | 31.55 | 0.05625 0.26042 | ~4.16 | -19.26
pia 1105 10 30 | 486.94 1 0305 | 9.15 | 0.025 | 148.13 | 2257 67.72 | 40.63 ] 0.05625 | 0.26042 | 2.30 10.63
s 1135 10 30 | 774.56 | 0.305 | 9.15 | 0.025 | 222.74 27.04 | 81.12 | 48.67 | 0.05625 | 0.26042 | 1 0.9% | 50.83
ey | 165 10 30 J1111.69 | 0.305 | 9.15 | 0,025 | 309.47 | 30.60 01.81 55.08 | 0.05625 | 0.26042 | 21.56 | 99.82
ol 195 10 30 | 1489.31 | 0.305 | 9.15 | 0.025 | 405.04 3283 | 98.50 | 59.10 | 0.05625 | 0.26042 34.32 | 158.88
paw | 225 10 30 | 1898.44 | 0305 | 9.15 | 0.025 | 504.20 3284 | 98.53 | 59.12 | 0.05625 0.26042 | 50.57 | 234.14
e 1255 10 30 |2330.06]0.305| 9.15 | 0.025 597.81 | 2847 | 8541 | 51.25 | 0.05625 0.26042 | 74.08 | 342,98
Jal 28.5 10 30 ]2775.19]0.305 | 9.15 | 0.025 | 665.61 1435 | 43.04 | 25.82 | 0.05625 | 0.26042 114.61 | 530.63
ey | 30 10 30 | 3000.00 | 0.305 | 9.15 | 0.025 | 677.22 ..u,n.c 0.00 0.00 10.05625 | 0.26042 | 147.95 | 684.96
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Walll Wall2 Coupled Beam
J Story Loc P1 M1 P2 M2 Story v M
ton ton.m ton ton.m ton ton.m
—— Top 2.01 -1.958 -2.56 -3,656 STORY! | 62.15| 37529
__ Botom | 22.12 | 9487 | 22.12 | -17.054 STORY2 | 882 | 52975
s Top 2982 2936 | -26.93 | -23.826 STORY3 | 9627 | 57.791
__ [ Bottom | 5748 | 20.162 | -57.48 | 0513 STORY4 | 9468 | 56853
o Top 67.72 | 11399 | -67.01 | -13.503 STORYS | 87.49 | 52548
_ Bottom | 106.73 | 33.564 | -106.73 | 37437 STORY6 | 76.73 | 46,099 |
_ TORY Top | 11953 | 22555 | -12253 | 16277 STORY? | 6359 | 38226
Bottom | 17032 | 49294 | -17032 | 87142 STORY8 | 4924 | 20642
r_ e Top | 18516 | 36458 | -192.56 | 57.623 STORY9 | 3536 | 21321
| Bottom | 247.05 | 66.032 | -247.05 | 145236 STORY10 | 22.12 | 13.068
I Top | 2629 | 52194 | -275.42 | 107.783
= : : . _
RIS Bottom | 33454 | 83231 | -334.54 | 211297
. Top | 35027 | 69.321 | -368.59 | 16656
T
_ BIOKLS Bottom | 42922 | 100.899 | -429.22 | 288154
Top | 44371 | 87872 | -468.59 | 236705
3
I SO Bottom | 52549 | 11833 | -525.490 | 385880
Top | 537.41 | 107.392 | -570.41 | 327.625
I SEOR1Z Bottom | 613.69 | 135892 | -613.60 | 526453
Top | 623.35 | 127.178 | -666.99 | 458.222
Y
[ STORY1 Bottom | 675.84 | 188.579 | -675.84 | 723.819
| BASEMENT 675.84 | 188579 | -675.84 | 723810
[

!
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G 9ealS g (wd (b gy gl i
Wall Coupled Beam
aieb P(ton) MI1(ton.m) Mi(ton.m) V(ton) M(ton.m)
P By | P Gy | el By | e B, | saeals T | SR | Pl Py | e ) | el by | e b,
o | 12,07 12.12 3.76 -4.93 -10.36 -22.80 22.12 25.60 13.07 1536
o | 4365 43.03 11.55 137 -12.17 -34.14 35.36 3732 21.32 22 39
piia | 8723 87.89 22.48 -4.16 11.97 -19.26 49.24 57 58 29.64 3155
oxin | 14493 148.13 35.92 2.30 51.71 10.63 63.59 6772 38.23 40.63
wis | 21611 222.74 51.25 10.98 101.43 50.83 76.73 81 12 46.10 48 67
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Figure 3.2; Schen-!ati: representation of the stress-strain relation for structural
analysis (the use 0,4f., for the definition of E., is approximate).
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Figure 3.3: Parabola-rectangle diagram for concrete under compression,

(2) Other simplified stress-strain relationships may be used if equivalent to or more
conservative than the one defined in (1), for instance bi-linear according to Figure 3.4

(compressive stress and shortening strain shown as absolute values) with values of e;3 and &..3
according to Table 3.1,

G’:*

fex

fee

: -
] E:-l Egu]. E:

Figure 3.4: Bi-linear stress-strain relation.
(3) A rectangular stress distribution (as given in Figure 3.5) may be assumed. The factor A,

of
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fokc = fox (1,125 + 2,50 a/fer) for oz > 0,054 Sropat IR P 8 Py (3.25)
- s o

£z, = &2 (Fono/fex)? op et L 1€y, (3.26)

EiaE me T 02 ol SoraZ i S e (3.27)

where oz (= o3) is the effective lateral compressive stress at the ULS due to confinement
and &2 and &2 follow from Table 3.1. Confinement can be generated by adequately closed
links or cross-ties, which reach the plastic condition due to lateral extension of the concrete.

o = faue ':E1 u--‘,..;)“'{{_..l" \
-a-“"_- - s o = _:'_ _________ f:u:
P e L : :
| = -;.s“"'r.-".# pp—— Ej i
G i s
e .) 2 | 5
202 o | - unconfined
a m{ = m} :J_.J‘,#_'-_wt__’rﬂ
Eeu IEC Eoude =_E:
Figure 3.6: Stress-strain relationship for confined concrete
- - - - _1-‘...;’_”‘.._ S At m S B E ARy GeRa = e
o
A
e
e aed=simsa oo = kfwly
! ' |
fw"fﬁf}x’_ \ : ;
; | k= (f/fy)
; dealised
: } :
| ‘ Design
: : - =,
fre/ Es € oa €k

Figure 3.8: Idealised and design stress-strain diagrams for reinforcing steel (for
tension and compression)

(3) The mean value of density may be assumed to be 7850 kg/m®,
40
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318-118

CODE

9.3.2 — Strength reduction factor ¢ shall be as given in
1 through 8.3.2.7:

s f : :
l.r)é"‘"' 8.3.2.1 — Tension-controlled sections as

e T e e e e 0.90
(See also 9.3.2.7)

iR e
A 8322 — Compression-controlled sections, as
defined in 10.3.3:

s
(a) Members with g’i:al reinforcement

conforming 10 10893 .......cmnemamammimummmern s 0.75
{b} Other reinforced members............cccciiinnns 0.65

. =
U.}ju/ 8.3.2.3 — SHear and trSION. ..........uerseseserier 0.75

;___,;-'JM 9.3.2.4 — Bearing on concrete (except
for post-lensioned anchorage zones
and strut-and-tie ModeIS).....ccamrrmmmimmmesmie s 0.85

-

8, ¢ y) 9325 — Post-tensioned ahchurage zones.......0.85

- =

Like. b s

p —= 7k

:\.1_..,__ (ot it

dE,FgJM 9,3.2.6 — Strut-and-tie models (Appendix A),
and struts, lies, nodal zones, and bearing

areas in such Models......cimsn s 0.75
é.h-'f:.r:;b.;f-r‘ 9.3.2.7 — Flexural sections in pretensioned
= members where strand embedment is less than the

development length as provided in 12. = s

(a) From the end of the member to the end
of the H'an.s{ar (=130 13 [ T I

{b) From the end of the transferength 1o

the end of the davé?}pmenl I‘Eﬁglh ¢

shall be permitted to be linearly

incraased from.....coummmreessmasna s asensses 0.7510 0.9,

Where bonding of a strand does not extend to the
end of the member, strand embedment shall be
assumed to begin at the end of the debonded
length. See also 12.9.3.

ettt Amancan Cone st %
Prowstms by beh ancer Icenes wit AZ1 =
N R aguttion o rawarking ATl AT iceTee o HE

MANUAL OF CONCR

r = el
% {H@frﬂ’-(‘u P iuuw-w‘b{.u/ﬂ ¥

rimie SEEARE Oy 13 DL UASCU UM LU,

G2aS U b s 3C

¢ - #=0.75 + (&- 0.002)(50)
0.90 A

0.75 k=2=2un -

= ] ] I
i # = 0.65+ (¢, 0.002)(250/3)

; h | o i

Comprassion K | Tension ol peas

sontrolled Transition | controlled ~ (=~
!

T T
£, =0.002 !, 0.005
[5
—=0.600 —=,375
d ﬂa

Spiral ¢ = 0.75+ 0.15[(1/edy) - (5/3)]
Other ¢ = 0.65+0.25[(1/cid,) -{513)]

nterpolation on efdy:

Fig. R9.3.2—Variation of § with net tensile strain in éxireme
:ension steel, &, and ¢/d, for Grade 60 reinforcement and
for prestressing sieel.
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Analytical relation
| Explanation

Strength classes for concrete

nrm__.s.ﬂ__.rl.n\ / .Al/
4@ [ _“?____um_._ 12 16 20 25 30 35 40 45 50 55 60 70 80 a0
[« =

%n!n:r.. =

=

O F | facie 5 | 20 | 25| 30 | 37| 45 | 50| 55 | 0o [ 67 | 75 | 8 [ 95 | 105

| | (MPa)
1\,.E G 20 | 24 | 28| 35 |38 | 43 |48 | 53 | 58 | 63 | 68 | 78 | 88 | 98 fon = La+B(MPa)
(MPa)

fetm 1.6 1.9 22| 26 29 32 ' 35 | 3.8 4,1 4,2 4.4 4.6 4,8 5,0  fum=0,30xF2" <CS0/E0
faw=2,12:In[1+(r/10))

-
o
=2
1]
W
el
wn
=1
1]
g
A—_.__tﬂ_‘- ¥ = CS50/B0 i
=
o
fei, 0,05 1.1 1.3 1.5 1.8 20 2.2 25 | 2.7 29 3.0 3.1 3.2 34 3.5 | fnnes ummx_f " a
(MPa) e o
o
faoss | 20 | 25 | 29| 33 | 38 | 42 46 | 49 | 53 55 57 6,0 6.3 6.6 | fuom=13%0m m
(MPa) 95% fractile 3
-
Een 27 29 | 30 | 31 33 | 34 35 | 36 a7 38 39 41 42 44 Ecm = 22|(f) 101 g
| (GPa) (fem in MPa) a
_ =
_ 1,8 19 | 20| 21 22 | 225 | 23| 24 | 245 | 25 26 27 2.8 28 | see Figure 3.2 =
&1 (o)
o) = 0.7 """ < 2.8 -
R 3,5 32 | 30 | 28 | 28 | 28 |seeFigure3.2 ]
i for fx = 50 Mpa n
=2 B+ al Lon !
0
2,0 22 | 23 | 24 | 25 | 28 see Figure 3.3 0
&z (he) for fs = 50 Mpa 3
(V) =2,0+0,085 fs-50)" a
_ ; 2]
3.5 a1 2.9 2.7 26 26 see Figure 3.3 o
& (o} i for f4 = 50 Mpa W
_ Ll an}=2 E+35[(90-Lu) 100" 3
_ n 2,0 175 | 16 | 145 | 14 | 14 for (2 50 Mpa 3 2
n=1,4+23 4[{20- fx\100]*
| 7
_ . &3 (%o) 1,75 1.8 1,9 | 20 | 22 | 23 see Figure 3.4 i
for L2 50 Mpa iy
feca("Vom)=1,75+0,55((fea-50)/40) R
Ezu3 (%n) 35 31 | 29 | 27 | 26 | 26 see Figure 3.4 n
for fa= 50 Mpa W
! il on) =2, 6+ 35((90-Lu M 100]" -
(%] —
E L
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..._nﬁwmw.u.ka. Em =S em =S Sm ew =S Em .-.nJ

Cross Sectional Areas and Weights of Bars

: . 2 ;
E”H.”ﬁ_ﬂ Cross Sectional ___.a.._u:__u Wﬁ. .,_.W.q ﬁu___aiwnawﬂ of Bars .HMMH h“ﬂwﬁw
1 2 3 4 5 6 7 8 9 10 s
6 0.283 057 | 0.85 1.13 1.41 1.70 1.98 2.26 2.54 2.83 0.222 6
8 0.503 1.01 1.51 2.01 2.51 3.02 3.52 4.02 4.52 5.03 0.395 8
10 0.785 157 | 2.36 3.14 393 | an 5.50 6.28 7.07 7.85 0.617 10
12 1.131 226 | 339 | 452 565 | 6.79 7.92 9.05 10.18 11.31 0.888 12
14 1.539 3.08 | 4.62 616 | 7.70 | 924 | 1078 | 1232 13.85 15.39 1.209 14
16 2.011 402 | 603 | 804 | 1005 | 1206 | 14.07 | 16.08 18.10 20.11 1.578 16
18 2.545 5.09 7.63 | 10.18 | 12.72 | 1527 | 17.81 | 20.36 22.90 25.45 1.998 18
20 3.142 628 | 9.42 | 1257 | 1571 | 1885 | 2199 | 2513 28.27 31.42 2.466 20
22 3.801 760 | 1140 | 1521 | 19.01 | 22.81 | 26.61 | 30.41 34.21 38.01 2.984 22
25 4.909 982 | 14.73 | 1963 | 2454 | 2945 | 3436 | 239.27 44.18 49.09 3.853 25
28 6.158 | 12.32 | 18.47 | 24.63 | 30.79 | 36.95 | 43.10 | 49.26 55.42 61.58 4.834 28
| 32 8.042 | 16.08 | 24.13 | 3217 | 40.21 | 48.25 | 56.30 | 64.34 72.38 80.42 6.313 32
36 10.179 | 2036 | 30.54 | 40.72 | 50.89 | 61.07 | 71.25 | 81.43 91.61 101.79 7.990 36
a0 12566 | 25.13 | 37.70 | 50.27 | 62.83 | 75.40 | 8796 | 10053 | 113.10 | 125.66 9.870 40
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@279%  CROSS SECTIONAL ATEAS AND WEIGHTS OF(OBARS (2 b A
i P ~ [weight Nominal
DA In cross sectional areas in em? for ‘the following number of bars .
— 1 2 3 A 5 6 7 g 9 10 in kg/m a_w:._: in
2.5 0.049 010 0.15 0.20 | 0.25 0-29 | 0.34 0.39 0 .44 0.49 0.038 2.5
3 0.071 0.14 0.2l 0.28 0.35 0.42 0.49 0-57 0. 6h 0.71 0-055 3
3.5 0-096 0.19 0.29 0.38 0.40 0.58 0.67 0.7 0.86 0-96 0.07% AeH
A .0.126 0.25 0.38 0.50 0-63 0-76 0.08 1.01 1.13 1.2C 0.0398 b
i 0-159 0.32 0.40 0.64 0-80 0.95 1.11 ). 21 1.43 198 0.125 b5
5 0196 0.39 0.59 0.79 0.90 1.18 1.37 1.57 1.71 1.90 0.154 -,
hiah 0.230 0.48 0.7 0.95 1.19 1.43 1.60 1.90 2.14 2.30 0.160 5.5
6 0.203 0.57 0.05 1.13 1.4% 1.70 1.90 2.206 b5 203 0 222 G
1 V.35 0.77 1.15 1.54 1.92 21 2.69 3.00 3406 3 U5 0 302 7
0 0.503 101 1.51 2.01 2591 3.02 3.52 h.02 h.53 5.03 0.399 i
9 0.636 1.27 1.91 2.54 3.10 3.02 h L5 5.09 LT s 6.360 0.499 g
10 0.705 L5l 2.36 3.14 3.93 L. 5.50 6.20 7.07 7.85 0.617 10
|2 1.13) 2.26 3.39 L .52 5.05 6.79 7.92 9 ;05 10,18 1.3 0.008 12
14 1.933 3.08 l.62 10.77 12. 31 13.85 |715.39 1.209 14
G o | o2 | 6.03 14.07 | 16.08 | 1810 | 20.1 1.578 16
11 2.505 5.09 7.63 17. 01 20.36 22.90 25.45 1898 10
20 3.142 -6.29 9. 4] 21.99 25.1 4 20.70 31. 42 2. LGG 20
74 3. 801 7.60 11.40 | 20.01 30.41 34.2 36. 01 2.904 22
24 626 | 904 o 1356 | 1830 | 2262 | 2704 | 3167 | 3619 | 40.7) LS. 2 3.561 24
25 4 .908 9.02 1673 19.63 2654 29 .45 34.30 39.27 LG8 4. 09 3.053 25
76 5.306 10.62 1593 21.24 26.55 31.86 37.07 L2 .47 L7.897 53. 09 6.1 60 20
21 5.726 145 | 17.61 22.90 208 61 34..35 60.00 45.860 ainh3 57.26 L0495 21
78 G.150 12.32 1| 10.47 24,03 30.79 36.95 43.10 h9. 20 55.42 01, 50 b2 28
30 7.069 | 1414 21.2 20,20 | 39346 | A2.4) h9. 48 66.55 | 63.62 | 70.69 6 644 30
2 0 .042 1603 20.13 32.117 (0.2 40.25 56.30 G434 72. 30 g0 .42 G313 37
a6 10.180 20.36 30.54 4L0.72 ©0.80 61.00 71.206 Ul L 9. 62 101,80 7.9490 36
0 12.500 | 212 3. 50. 24 62.80 75.36 07.92 100, 46 | 113.04 125.60 9.670 Lo
. —
- - —
_ _ wler | et iy 2 N & |
_nwu_ M nnm.\- .u.fo m_\(ﬁ.ﬂ\ WO s uw.\x. /./_ _F/ A.JJJ.J_ \\ = : | / .l_,ﬂuu gl 2%
i Fr[ p ) : il —t—"""1J \.
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O CROSS SECTIONAL AQEAS AND WEIGHTS OF@BARS (26
g ; , Weight Horrunal
DIA. in cross sactional areas in emé for he following number of bars ¢ :
i __ ; 3 ! 3 : ! g 9 10 i ﬂ.:m”_,,._:_._..
2.5 0.049 | 010 0.5 | 0.20 | 0.25 | 029 [o0.3¢ | 0.39 [ 0.44 | 0.49 m.w.qm w.m
3 0.071 | 0.4 0.2l 028 | 0.35 | ‘0.42 | 0.43 0:57 .| 0.0k 0.11 L 2.5
35 o | o | o029 | 038 | 0.48 | 0.50 | 0.67 | 0.77 | 0.0 0.9 075 3
L 998 | 025 | o3 | o050 | 063 | 076 [ 0.08 | 1.01 ] 1.13 } | 26 | 0.090
L. 5 0.159 | 0.32 0.0 | 064 | 0.60 | 0.95 | 1.1) 1727 | 1.43 | 1.59 | 0.125 h.S
5 o.196 | 039 | ose | o079 | o.98 | 1.1 | 1.3 | .57 | 177 | 1.90 0.154 5
R IR A R R AR RE AR AR AR AR A N
6 283 - 0. 13 NYi Yie 1ie el 2:55 . 227 f
1 9.365 | 0.7 1.15 1.54 .__wm L2 2.09 3.00 3.46 3. 05 0.302 1
AR AR AR ARUARTARE AR AR AR AR AR B
G. ._. ._...m: M‘mh.- = . N, 4 . . y - « N -
10 0.705 | 157 72¢ | San | 383 | &om | 550 | 628 | wer 1205 [ 0.617 10
12 s iai | oioe | 3ad | g2 | Bues | .79 | 2.92 | 9:as | iode gt ) 9o 12
14 1.539 | 3.08 | 4.62 | 6.6 | 7.69 | 9.23 1079 |-12.31 | 13.85 |715.39 | 1.209 1
16 2on | ao2 | so03 | sion | 1005 | 1206 | 1407 | 16.00 | 1810 20.11 | 1.578 16
1) 2,65 | 509 | 7:63 | wis [ 1272 | 1527 { w01 | 20.36 | 22.90 25.45 | 1.990 18
20 STG | 2% | oi | izse | s | 108 | 2199 | 25.14 | 2028 | 31,42 | 2.4G0 20
22 voot | 760 | meo | 1520 | 1900 | 2200 | 2661 | 3041 | 362 | 36014 2.90% 2’
24 762 | 904 ¢ 1356 | tot0 | 2262 | 2704, | 3167 | 369 | som1 | 4526 4 350 2,
25 ia6e | oo T s | wea | 2454 | 2045 | 3636 | 3927 [ Lhds | £.00 } 3.053 25
76 m_.wgm 0.6z | 1593 | 21 swes | 3.8 o 370 | 2ar | wrw | s3.00 | 460 26
27 57726 | 145 | 1l | 2290 | 2853 | 34.35 o 40.00 | 45.80 | 51.53 | 57.26 | 6.499 21
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