Concrete Design Handbook — 4th Edition

CHAPTER 7: ADDITIONAL DESIGN AIDS

The additional design aids in this PDF document form part of the Concrete Design Handbook 4th
Edition and are the exclusive property of the Cement Association of Canada. They must not be
reproduced in any form without the written permission of the Cement Association of Canada.

Pages of this document were numbered sequentially with the Handbook chapter material to which
they pertain, such that a user may print these design aids and add them to the hard cover book should
they choose to do so.

This document has been prepared by the Cement Association of Canada (CAC) to aid in the design of
reinforced concrete building structures. It has been the intent of the CAC to present this information
in a manner which will serve as an extension to the CSA Group standard A23.3-14, Design of concrete
structures, and the other documents referenced herein. While every attempt has been made to present
information that is factual and in a useable format, none of the references to the CSA Group standard or
the National Building Code of Canada should be construed as an endorsement of the material appearing
in the Handbook by the agencies responsible for the referenced material.

This publication is intended SOLELY for the use of PROFESSIONAL PERSONNEL who are competent
to evaluate the significance and limitations of the information provided herein, and who will accept
total responsibility for the application of this information. The authors and the Cement Association of
Canada disclaim any and all RESPONSIBILITY and LIABILITY for the application of the stated principles
and for the accuracy of any of the material contained in this publication to the full extent permitted by
law.
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Table 7.10.1 Rectangular Columns with Equal Numbers of Bars on all Faces
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Table 7.10.2 Rectangular Columns with Equal Numbers of Bars on all Faces
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Table 7.10.3 Rectangular Columns with Equal Numbers of Bars on all Faces
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Table 7.10.5 Rectangular Columns with Equal Numbers of Bars on all Faces
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Table 7.10.7 Rectangular Columns with Equal Numbers of Bars on all Faces
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Table 7.10.9 Rectangular Columns with Equal Numbers of Bars on all Faces
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Table 7.10.11 Rectangular Columns with Equal Numbers of Bars on all Faces
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Table 7.10.12 Rectangular Columns with Equal Numbers of Bars on all Faces
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Table 7.10.13 Rectangular Columns with Equal Numbers of Bars on all Faces
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Table 7.10.15 Rectangular Columns with Equal Numbers of Bars on all Faces
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Table 7.10.17 Rectangular Columns with Equal Numbers of Bars on all Faces

35

30

25

P,/A, MPa

10

35

30

25

P,/A, MPa

10

M, /(A h), MPa

All rights reserved.

Copyright © 2016 Cement Association of Canada

! <
— T i
*Pt=5%,kl= 1115 N ~: ol o
B T O y=0.60 .
[~ pr=4%, k=993 N y
+ N ;\5\ \‘,-< N \\
| p:=3%, k=870 < T\ fL=asmPa | 7.
B T N pd N\ AN h
| p:=2%, k=748 N X AN N
— - ~ N N\ N
| pr=1%, k=626 NSO N NI N
N N\, N\ hN e Jf =05 TN
Ve NN s
N\ N\ N\ N\_——C N
N N\ S—" \ AN AN AN AN
AN DT\ N AN AN AN AN
N— N\ N\ N\ AN AN N AN
NN NN NN IV
NN NN N Ao
Elis = kbh*/(1+B4) AR R E—— ]
El,o = 1006 bhg/(l‘*ﬁd) // / /I II /l I’
f, =400 MPa J S S S / / /
_ i / / / / / /
¢s=0.85 Pt pd / / / / /
~ y.d y.d / / /
¢c=0.65 yd / pd / /
z prd Z Z y Z L
0 1 2 3 4 5 6 7 8
M,/(A,h), MPa
Table 7.10.18 Rectangular Columns with Equal Numbers of Bars on all Faces
| NG
— T \\ N ¥ LI
= 0, -
| pi=5% k=1336 oS L y=070 b| |+
™ pi=4%, k=1170 %s\‘“ P
- ~ ~
| pe=3%, k=1003 NS N f.=45MPa Lvh_‘
B T SN P h
| pe=2%, k=836 N N N
- ~ N N
| pe=1% k=670 R} NI N YN N
N N\ [fy= 02 S—" AN
- AN AN N s A < N
N N N\ S\ N\ AN
N\ DT |\ N N\ AN
O N\ AW AN N
N" \ N\ AN AN N
NN NN NN oo
\l \ \ \\ Sy \ -
Elyg = kbha/(1+ﬁd) I' \l \‘
Elyo = 1006 bh3/( 1+Bd) // / / [, [|
£,= 400 MPa S / / /
085 7 7 y / y4 /
¢s=0. P e pd / / J
_ et pd yd ) ) /
¢.=0.65 ~ 1~ v A
=z Z Z
0 1 2 3 4 5 6 7 8

N

suwnjo) 1oys



7-34 Short Columns

Table 7.10.19 Rectangular Columns with Equal Numbers of Bars on all Faces
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Table 7.11.1 Rectangular Columns with Bars on End Faces Only
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5 | £,=400 MPa // // // // // //
6.0.85 PAEREy RSy Ry Ve P
¢c=0.65 // // // >
0
0 1 2 3 4 5 6 7 8

M,/(A,h), MPa
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7-36 Short Columns

Table 7.11.3 Rectangular Columns with Bars on End Faces Only

30 T
| N . .
- Pt = GAJ,II( =1845 \ y= 0.70 b : :
25
[~ pr=5%, k= 1600 DN
— ~ RN f.=25MPa LV—hJ
| pi=4% k=1355 | N N oK ¢ h
| pr=3%, k=1110 NG ~
© — P ~ NG ~ \\
s [ pi=2%, k=865 | N\ O NG
<15 TEON o 2N S 600 I
\ 7pt=1%,k=620 /\ \ \ \ s
o 'y N\ N\ N > ™N
N N N N
10 T N\ ~ ~
Elyo = kbh3/(1+8) N\ ’\\ \\ \\ \\ - N I
19= d \ \C N NG N f/ff=10 |
Elyo = 750 bh3/(1+84) ) Y Y >
5 | f,=400MPpa 7/ 7 4 4 7 v
6,=0.85 pd pd yd A A
s = 0. v / / /
be=0.65 A D A
O g
0 1 2 3 4 5 6 7 8 9
M, /(A h), MPa
Table 7.11.4 Rectangular Columns with Bars on End Faces Only
30 T
- I [ ] L]
,pt:6%,{<=2295 ~< y =0.80 bI e o
25 | p =59 k=1975 o —
e = 4%, k = 1655 2N h
20 5 =3% ;<—1335 IR \<
@© saes | - N /< N ™ ~_
[a
S | pe=2%, k=1015 S NG ~ N
qm 15 _|_\ / \\ \ \ fs/fY = 0.5 ]
N | pe=1%, k=695 ~T N\ \\ \\\ > ™~
o \ ‘\ \//< \
SN\ S—T ™\
N N\ N N N N
Elis = kbh*/(1+8,) N\ N N N f/f=1.0 )
N\ N\ sy
Elyo = 750 bh3/(1+4) ) ] ]
5 ', = 400 MPa -7 / / 7 /l
¢s = 085 / /, // / /|
et p 7~ e
bc=0.65 P ~ rat
0 Z z z
0 1 2 3 4 5 6 7 8 9

M,/(Azh), MPa
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30

25

N
o

P,/A; MPa
=
(O}

[any
o

30

25

20

P,/A, MPa
=
(2}

10

Table 7.11.5 Rectangular Columns with Bars on End Faces Only

M, /(A, h), MPa

L pe=6%, k=1161 \\
B I N ..
| pr= 5%,=k =1036 ™~ \\\ \\\ y=0.50 { e o
| pr=4%, k=911 N
B NN | o |1
: = 00 = \ o \ \
Pt 3/,Ik 786 \\ \Q g \\ .
[ p=2%, k=661 NN N
1 \V)\\ \\ AN \\ \\
7Pt=1%,k=536 /\ \ \ N 4(\)'5 \
N X N\, AN fo/5=
N\ \\ \ N\
N\ AW \N_—— AN AN \
N\ N\ \—+—\ N\ AN N\ N\
AN \ N\ \ \
Elig = kbh3/(1+34) \\/ \\ \\ \\ \ \\ \\
E|19 : 822 bh3/ 1d+ﬁ )— \ \ \\ \\ \ \\
*” Wk ST 71 —\ | S=10 \
fy =400 MPa / / P4 / / / D an—
_ r y 4 yd / / / /
¢s=0.85 / / / / / / /
$e=0.65 / / / P / / /
c yd p.d pd Z Z Z
0 1 2 3 4 5 6 7 8 9

Table 7.11.6 Rectangular Columns with Bars on End Faces Only

*pt:6%,k:1491 \
| pe=5% k=1311 v=0.60 bI . .
| pi=4% k=1131 | ] N | f.=30MPa || vh
| | \\ N %5‘&* \ A h
| pi=3% k=951 N > N N
| ! ‘ ‘\ / \\ \\ \
L pe=2%k=771 | NC | DX IO\ AN N
! N >\ N \\ \\ \\ \\
| 0e=1% k=591 NG~ I\ ) NEEEL SRR N
N N\, N\, N\ N S ol N
N\ N\ N\ SN—T N\ AN N\
N\ N N2 . N N\ .
N\ N\, gl N AN N N
N——""\, N\, AN AN N\
s \\ \\ \\ \\ \\ N N
Elig = kbh /(1+Bd) \ \' \' \. \ fs/fy =1.0 N
El2o = 822 bh3/(1+4) / / / / / )
_ / / / / / / yal
fy =400 MPa / / / / / / /
- / / /| yd yd yd
¢5=0.85 / ' / v P pd P
=0.65 yd yd yd i yd yd yd
¢ ) Z e )t Z Z Z
0 1 2 3 4 5 6 7 8 9

M,/(A,h), MPa
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7-38 Short Columns
Table 7.11.7 Rectangular Columns with Bars on End Faces Only
30
- pr = 6%, k=1881 N
B | | ~ \\ { .o
| pr=5%, k=1636 =0. o o
. Pt ! e = NI y=0.70
| o= 4%, k=1301 Nl N "
LA N o V
ERRNRARRNYANEE A /\;< NN | ferromes
L pt=3%, k=1146 N
20 f—r N NN N
B ! "N\ > N\ N AN N
© | pr=2%, k=901 N\ N N\ N N
o o ———— N N N N o 5\
E@ — Pt = 1%, k=656 < \\ \\ \\ \\ fs/fy - X\
<P AN N AN
N N N "N N AN N
o N\ N\, ST N\ N\ AN N AN
N\ AN N\ AN A N
10 N\ N N N AN
AN N\ N AN N )
Elis = kbh3/(1+f,) ' \l \l \l N\ N =10 N
]
Elo = 822 bh3/(1+B.) / / / / / /
5 _ / / / / /
fy =400 MPa / / / / / / )
- /| y.d i ) i
¢:=0.85 / / / pd pd pd
$=0.65 pd / / i i /| A
0 ¢ Z A Z pd Z yd
0 1 2 3 4 5 6 7 8 9 10 11
M, /(A, h), MPa
Table 7.11.8 Rectangular Columns with Bars on End Faces Only
30
| pe=6%, k=2331 N
B I I RN RN . .
| pe=5% k=2011 ~ DN ¥=0.80 { T
25 f f ~C ,&J@\, /\/ N
| ot =4%, k=1691 N N fé =30 MPa vh
B | | \\ \>(/ N ~_ h
b LIl  ON TN 5
' ! N\ AN N
S AEEEE N NN D X 205 |
= L 0e=1% k=731 NC | N N\ N N TN
< 15 \‘\ » \)( <> N
N
Qs N N\ N AN Y
N\, N N N\ N AN
N \\ \\ AN N
10 N
A AN AN s/fy=1.0
Elig = kbh3/(1+f4) \l \l \' i \‘ 1/ \Il 0
Elyo = 822 bh3/(1+f,) / / / / / ]
> | fy=400 MPa ya / / ya 7 va y
$s=0.85 pd J/ S/ / pd /
ST yd Pt pd yd v P
e =0.65 // // // - //
O Z
0 1 2 3 4 5 6 7 8 9 10 11

M,/(Azh), MPa
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Table 7.11.9 Rectangular Columns with Bars on End Faces Only

35 T
| pe=7%, k=1319 P
T N
30 fpt=6%,lk=1194 y=0.50 { .o
| pr=5%, k=1069 ~ AN ,
: (- y
- o= 4%, k =944 5 fc=35MPa L—-‘h
25 — . AP K
| pio3% k=819 \\\ AN \/s&\
£ 50 Lo=2mk=601 TN N
= r N NN N N AN
R 569\ N TN\ EANER 5
}15 NN NN DY £ /5= 2 \
XN N\ S \ \
NN\ N—X \ \
N NN NN \
10 s N\ \ \ \ \
Elis = kbh3/(1+04) \\ \ \ \\ \\ \\ \
Elyo = 887 bh3/(1+ \
20 /(1+B4) / 7 \/L £/ =10 \
5 | f,=400 MPa / / / =
7 7 7 7 7 7
¢:=0.85 / pl J/ / y
/ / pd / /
¢c=0.65 pd / / yd yd
0 Z Z Z L
0 1 2 3 4 5 6 7 8 9
M, /(A, h), MPa
Table 7.11.10 Rectangular Columns with Bars on End Faces Only
35 -
| pi=7%, k=1704
t (] [ ]
6% k= =060 bl [e e
30 |22 6"/,Ik 1524 ~_ Y I :
| pi=5%, k=1344
Ptz o7% f.=35MPa || yn
- pe=4%, k=1164 L0 N .
e 3% k=988 | N %J}(/
- Pt = 0', = \\ N
S 50 |Pi=2% k=804 N ST N ~ ™~
s — ad \\ AN N N
- L pi=1%, k=624 TN N 05
A N \\ N\ N Fs/fr = 2t TN
\\ . Ne—T
N NN N
N
10 | Elo = kbh3/(1+6.) NN N N AA510
Elzo = 887 bh%/(1+B.) / / / i ) J
/ / pd / p 7
5 | £,=400MPa / / / e pd /
7 7 7 7 d 7
¢s=0.85 e pd . . e 7
0 ¢c =0.65 7 7 -/ d //
0 1 2 3 4 5 6 7 8 9

M, /(A,h), MPa
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Table 7.11.11 Rectangular Columns with Bars on End Faces Only

35 T T
| pe=7%, k=2159 . P
- =6°'A,,k=19i4 AN - bl |[e e
N AL i i " \\ um y0.7OI. .
| p:r=5%, k=1669 N
— - - ~ P ,
| pr=4%, k=1424 < LS TN fc=35MPa L—J"”
25 — T TSN N ’S"'l > N h
,pr—afa,k-117l9\ \/)\ ~_ \\ O
&20 | pr=2%, k=934 NJ ~
L p:=1%, k =689 NN N\ N AN N
< ! : N\ N\ N\ N\ N /f =05 __S
N N\ N\ N N fsty Z——C N
Q: 15 AN N N\, S—T 1\ N N\
AN N A AN N X
N\, N\, NG
N\ N N N N\
\ NN NN N NN
10 | €l = kbh3/(1+B4) \ - N N N fo/fy=1.0 T
Elo = 887 bh%/(1+64) / / / ) ' ] ]
/ / / / / /
5 | fy=400MPa / / / / i
.4 ) ) /
¢s=0.85 r ) pd pd pd ) )
pd e )rd e P pd
¢ =0.65 Vet P pd pd i
0 Z Z P
0 1 2 3 4 5 6 7 8 9 10 11

M, /(A, h), MPa

Table 7.11.12 Rectangular Columns with Bars on End Faces Only

35 . :
pr= 7%, k = 2684 —
30 Pt = 6‘7::, k= 236I4 \ y=0.80 { : :
B c'I - I \ ~
pr = 5%, k = 2044 o -
f f z fe=35MP. h
25 |pez4% k=1724 P ™~ f;sl§*/<>\\\ ? L—H
pe = 3%, k = 1404 \><><\
§ 20 Lee= 2%, k= 1084 N \\ \\\
< pi=1%, k = 764 \ N >\ f./fy=05 >~
A \\\\ \ <\\\ \
10 | E1yg = kbh3/(14B4) N NS \\ fi/f;=1.0 )
Eloo = 887 bh3/(1+B4) / / ) } / )
s | f,=400MPa » > )
¢;=0.85 o S / /’ P / /
, Lo | / o gisss> / 5
0 1 2 3 4 5 6 7 8 9 10 11

M,/(A,h), MPa
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Table 7.11.13 Rectangular Columns with Bars on End Faces Only

35 ! -
:pt=6%,k= 1224 o °
[ T b ° °
30 |- pe=5% k=1099 ¥=0.50 o o
| 0i= 4%, k=974 N
- 2 t N NG ™ //0' >\\ fé' =40 MPa vh
25 |- pe=3%, k=849 S S h
B ' NG AN AN N\
| p:r=2%, k=724 N N N\ N
o ' SN NEa G N B NG NEENN
a — =
E 20 —pt—l%,k—599 N )4 NC AN AN N N
N NN INC N N s N
< SN N NN A N 5= 00 LN
N NN\ AN . fs/Jy \
& 15 NN\ N\, N—"X \
N\ N \ \ \V
\ N L \ \ \ \
\——\ \ \ \ \ \
\\ \ \\ \\ \\ \\ \
10 | €l = kbh3/(1+B4) | NN N SN X
Elo = 949 bh3/(1+B.) / 7 T—H>— fiffi=10 |\
pd / / / /
5 | f,=400MPpa / / / / p / / /
7 7 7 7 7 7 7 7
¢s=0.85 pd yd p / / / /
. pd /S P / i
¢:=0.65 ) pd pd pd pd /] /
0 pd Zz ) Z yd Z
0 1 2 3 4 5 6 7 8 9

M, /(A, h), MPa

Table 7.11.14 Rectangular Columns with Bars on End Faces Only

35 :
:pt=6%,k= 1554 SN ° .
B ' y=060 b| [s o
30 | pi=5% k=1374 > . .
I >\
| pr=4%, k=1194 //0.0 f,c - 40 MPa vh
B I N N |r§q N\ L )
25 | p:=3%, k=1014 \‘\ N h
[ p=2% k=83 | NN NS N NS
© = ' NN N\ N\
S 20 [ pe=1% k=654 NN TN < N
s N\ N\ . N /fy= 05 N
< NS N . fo/fy = 02 N
N N\ N N N—X N
a 15 NN N LS N\ N
N N ST\ ~ X N
‘\ \\ \\ \\ NN
10 \ AN N\ N\ N__ [/ =10 ]
E|19 = kbh3/(1+Bd) /’ /’ ) /‘. ;' )
Eloo = 949 bh3/(1+4) / / / / / %
. /
5 | f,=400MPa P >
) 7 7 7 e — —
¢s=0.85 S~ ) e A / %
¢c=0.65
0 Z z pdl _~ P /
0 1 2 3 4 5 6 7 3 9

M,/(A,h), MPa
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Table 7.11.15 Rectangular Columns with Bars on End Faces Only

35 T T
| pi= 6% k=1944 I S P—
N b ° °
30 | o= 5%, k= 1699 N ™~ y=0.70 o o
D= 4%, k= 1454 ENIZERN
ahic ~ ~. 5l ANL fi =40 MPa M
25 |- pi= 3%, k= 1299 \\\ x/ . \\ h
2% k=964 NL < R ~
© : ~ > N\ N AN AN N
$20 [-pe=1%k=719 N N N\ AN EER NG EERN . N
NG AN i fs/fy = 0);/’\
< NG N N . AN . AN
N N\ N\, N\ AN N
N 15 N N N\
e AN AN AN AN N
*************** *%***\("\*\”*\”*\j” *\”\i*:§
N N DAL
10 | Elus = kbh3/(1+B4) ] ] ] ) ] ]
Elzo = 949 bh3/(1+f3,) / / / / / /
/ / / / / /
5 | f,=400MPpa / / / P yd
P 7 7 - ot
¢s=0.85 7 . yZ / pd pd pd
o ¢c=0.65 =y )
0 1 2 3 4 5 6 7 8 9 10 11
M, /(A h), MPa
Table 7.11.16 Rectangular Columns with Bars on End Faces Only
35 T T
T T
=6% k=239 \ . .
=0.80 b| | e
30 —pt—s%,k 2074 \\ o9 > i’ I o o
pi= 4%, k= 1754 gs/5) \\ fL=40MPa || yh
i S
25 | po=3%, k=1434 N h
2%, k=1114 ) \\\
© I I
% 20 _pt=1%,k=794 X\ ™ \\\ ]‘S/fy=05
qm \ \ )<
& 15 >(><>< N
\ N \ /=10
10 | iy = kbh3/(1+B4) /‘ ] ] ]
El2o = 949 bh3/(1+84) / / / /
5 | f,=400MPa / /
$:=0.85 // / / // / //
¢c=0.65 / /
0 £ / Z /
0 1 2 3 5 6 8 9 10 11

M, /(A h), MPa
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40

35

P,/A; MPa
N N w
o wu o

[any
Ul

[any
o

40

35

Table 7.11.17 Rectangular Columns with Bars on End Faces Only

M,/(A,h), MPa

Copyright © 2016 Cement Association of Canada
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|
| pr=7%, k=1378 e o
b ° °
— pr=6%, k=1253 ~_ y=0.50 .o
— + N
L pr=5%, k=1128 ~ N ,
' - y
— p¢ = 4%, k=1003 ~ NG ~ f. =45 MPa
| pc=3%, k=878 TN ~ (54
- ~- N §s< N
— pr=2%, k=753 N NC > AN
— N N\ AN Y ANG
- pr=1%, k=628 \\ \v N N \\
N AN AN . AN
N N AN N 205 N\
. NC O\ AN fo/fr= D a =N\
N\ . N\ N\ ~ e— T\ \
N\ AN \\ G \ \ \
N\, N\, NN \ \
N\ N \ A\ AN A\
\\/ \\ \\ \\ \\ \ \\ \\
- 3
Elyg = kbh3/(1+B4) \ \ \ \ \ \ \
Elyo = 1006 bh3/(1+f4) /I 7 > \ \ \\fs/ﬁ,= 1.0 \ |
£, =400 MPa / A L 7 >
/ 7/ / / / /
¢s=0.85 P ) s - 7 7
7~ 7 7 7 e i
_ r P i / 7
bc=0.65 A AT
z Z Z = ot
0 1 2 3 4 5 6 7 8 9
M, /(A, h), MPa
Table 7.11.18 Rectangular Columns with Bars on End Faces Only
|
Pt = 7%, k=1763 ) o °
- pe= 6%, k= 1583 v =0.60 . .
=5% =
p: = 5%, : 1403 \ fr-aswpa ||
~ 0t =4%, k=1223 09 L——J
= 3%, k = 1043 ~ @Jﬁ*//<\ h
N S \ \/(\
p: = 2%, k = 863 - = \ \ \
o Ty (2083 \X\ \ \ ~ \
=05
\ N >< \
\ \ \\ S oo
El1g = kbh3/(1+4) ) \ X I ! fs/fy = 1-9
Eloo = 1006 bh3/(1+4)
f, =400 MPa
A // /‘/l/ / /
¢:=0.65
=1 =1 7
0 1 2 3 4 5 6 7 8 9

N
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Table 7.11.19 Rectangular Columns with Bars on End Faces Only
40 T T
[ pe=7% k=2218 .« .
35 | pi=6%, k=1973 RN y=070 °| |2 ¢
| pe=5%, k=1728 ™~ - "
* * 0 I = v
30 — pr = 4%, k =1483 h//% o~ fc 45 MPa
= ~ s’./ h
| p:=3%, k=1238 N ~< | N~
0 25 [ pi=2% k=993 — > > < <
o — > N N N
S | pi=1% k=748 ST N N N N
S NET N N . ~ /f,=05 L
<20 <<\ NN < fslJy
N \\ AN “\\ AN
a” N N N N N N
\\ N\ ST N\ NG A ~ N
15 N—T""\ AN N ~
N N N A AN N
N\ NN P Ag=10 ]
Elo = kbh3/(1+B4) Y N » > s y'“ PN
10 &1, = 1006 bh3/(14B4) y, / Y/ ] 7 7 i
f,=400 MPa S A1 A / amm
> [ =085 e A A — o
T pd ~
¢c=0.65 AT L7 Pt
0 z = = =
0 1 2 3 4 5 6 7 8 9 10 11
M, /(A, h), MPa
Table 7.11.20 Rectangular Columns with Bars on End Faces Only
40 T T
pe=7%, k=2743 e o
; ~ y=0.80 bl |e
35 —pt:6‘%3,k:242IS ~ ° °
=5% k= N
pe= 5%, k=2103 S~ ,09/<>\ f. =45 MPa vh
30 Fp=a% k= —~ £97
e na ) s et o
p: = 3%, k = 1463 ><
o 25 [ pe=2% k=1143 o P
o : : )<>\ N ~_ \
> Dr:lo).k=823r \ \ \\ -0.5
< 20 ™~ ~ fslfy =~ >
g B e e
Q.
5 \(><‘ N \\\
\p \ \ \ N fi/fy=1.0
1o |Fio=sorasp R I e | | B
Elyo = 1006 bh3/(1+04) / / / /
f, =400 MPa / N / 5
5 -
e e
0 ~ 4/ / = / / =
0 1 2 3 4 5 6 7 8 9 10 11

M,/(Azh), MPa
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P,/A, MPa

P,/A, MPa

Table 7.12.1 Rectangular Columns with Equal Numbers of Bars in Side Faces Only

30

25

20

10

|

| \ . o 0
p: = 6%, k=879 v =0.60 {
pe= 5% k=795 =S A

t— 0, K = A
: i ~_ 003 N £, =25 MPa L"”»‘

pi = 4%, k=711 %5\‘\*)& N \ h

! N N AN N\
pt=3%, k=627 N PaN N N

} ~ NN\ L AN N\,

e N O N N NN

pt=2%, k=543 N/ O\ N\ AN N\

| N /\\ \ N\ 40'5 /\
Pt = 1%, k = 453 \//\ \\ \\ \\ fs//h( "\ N\

N N N\ e AN A\ \
N N\, N\ \ A \ AN
N\, N\ _—\ N\ N\ A\ AN AN
Elyg = kbh3/(1+B4) N \ \\ \\ \\ \\ N \\
* ‘ N\ N\ \ N\l =10 \

Elo = 750 bh3/(1+4) - 3\ a m X A\
£, =400 MPa / \ \ \
¢s=0.85 // // /
$:=065 = /S S A )

1 2 3 4 5

M,/(A,h), MPa

Table 7.12.2 Rectangular Columns with Equal Numbers of Bars in Side Faces Only

30

25

20

10

|
I * o 9
pe=6%, k =1062 S y=0.70 {
P = 5%, k=947 ,g-/° < \\ L’L‘
i W I =25MPa |+
Pt=4%/k=83zl ‘\}/\ N fc a .
I N P N N
pe=3%, k=719 N AN N AN
—— O\ N
pe=2%, k=604 S NC TN N Lo SN\
7 \. N N8 AN N\
pe=1%, k = 489 /7\ \\ ‘\\/5\/ N N\ \\
. N\ AN
N N—\ AN N N AN \
N | __—X N\ AN N\, N\ N
\ \ \ \ N =10 TN
E|1g = kbh3/(1+ﬁd) \\ \\ \‘ \ \\ \ \\
Elzo = 750 bh3/(1+8.) } | ‘\‘ \ \ \ \
fy=400 MPa / / J \ \ \
—o0ss / / | ) \
s / / / / / )
¢c=0.65 et / / / / / /
~ pd Z / / / /
1 2 3 4 5

M,/(A,h), MPa
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Table 7.12.3 Rectangular Columns with Equal Numbers of Bars in Side Faces Only

30 T
| | N I >\ e o
,Pt—GA,k—:127l //09/\ v =0.80 { L.
25 I pi=5% k=112 RN ~C ”J
= as N f.=25Mpa| -
- Pt = 4 0, —I 7 )\ h
20 | ' S
" p:=3%, k=823 ~ AP
© } ~_ |\ N \\\f /fyzo' N\
S ek NN N NS Nl
=15 |k | 7,\ \ \( \ \
< [ pi=1%, k=524 TN N\ Ne— N N N\ AN
N : N\ QD NG N N
N e € AN L N\ NN
N\ b AN N f/f=10 N
10 NN N\ {
AN N\ N —F— \
Elyg = kbh3/(1+ﬁd) \ \ \\ \\ \\
Elyo = 750 bh3/(1+4) \ \ \ \
5 | f,=400 MPa ) \; \ \\
- / / / / )
s =0.85 A/ / / / / /
o LPeZ065 i / / / /
0 1 2 3 4 5 6 7

M,/(Azh), MPa

Table 7.12.4 Rectangular Columns with Equal Numbers of Bars in Side Faces Only

30 T o~
- o I 0?// * @& @
- Ot = 6%), k _|1509 \g\\\//, V= 0.90 { ..
_ ' AV
25 | pe=5%, k=1320 "J
i / 1 Vi
- > fr=25MPa |
pe=4%, k=1131 N ~_ h
20 | | 2N
™ p:=3%, k=942 AN N 05
© : <N N [597 o N\ AN
o B NZ N N §sI 7 s AN
s Pt =2%, k=759 N N N N\
<15 7 N\ \\ >\ \\ \\ N N\
} 7pt=1%,k=564 N N\ NG ]
N SN 1N\ N N fu/fy=1 0 N |
N N\ N\ N\ AN N
10 N N\, N\ N\
N\, NS \ N\ N\
El1g = kbh3/(1+4) \—————“"'T\’ N\ \\ \\ \\
Elo = 750 bh3/(1+f4) \ \ \ \ \ \
5 | 5,400 mpa /1 i / / /
_ J/ / / / /
¢:=0.85 A //‘ / / /
o LPZ0E Z / ya / /
0 1 2 3 4 5 6 7

M,/(Azh), MPa
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Table 7.12.5 Rectangular Columns with Equal Numbers of Bars in Side Faces Only

30
| o= 6%, k=915 ~_ N
B I \ b e o 9
| pe=5%, k=831 o /N y = 0.60
25 P : S 5\/,0./(\ \\
- pi = 4%, k=747 ) N , h
— : ~C | SN NO N fe=30Mpa L‘H
| pr=3%, k=663 N Dl N\ \, AN “
20 : ~ NN N\ N\ N
TR R B, G NG NS N
© Pt =27, K= N\ N\, N\ AN AN
£ SO\ N N
> | pr=1%, k = 495 \7<’ \\ \\ Sfy;o' /\\
b DO D D D % ) I U N
ot NG AN AN S\ \ AN AN
N N\ \ N\ \ \, N\
AN S N\ \ \ \
10 A5 VA WA W W W S
Elg = kbh3/(1+84) \ \  \ | \SAH=10 N\ O\ |
Eloo = 822 bh3/(1+34) | \ \ \ \
5 | f,=400MPa // 7
_ J/ / /
¢s=085 / / / / /
¢=0.65 ~ / / / / / J
0 Z . / / / /
0 1 2 3 4 5 6

M,/(A,h), MPa

Table 7.12.6 Rectangular Columns with Equal Numbers of Bars in Side Faces Only

30 |
*pt=6%,k=1097 | 7\
I . o o
| pi=5%, k=983 ‘\,/0}0/< y=0.70 { v
25 : W<
. B)as
pe=4%, k 86|8 7< uE AN £ =30 MPa L"’L‘
[ pe=3% k= / N\ M
g Lty - P N~
B ! /TN N ~ N
© ot =2%, k=639 ) N N _09 N1\
a f N~ N\ N AN fs/fV _——\\ AN
S | pe=1%, k=525 P N\ N N\ N AN
o 15 NN N NN N
N N N o AN \\
& NN\ NN NN
N ST \, N\ AN N N
A S N AN \ _10
10 AN N\ N\ N N\ f/AH=10 X
\ \ \ AN AN ny \
Elyo = kbh3/(1+8B4) \r y \ \‘ \\ \\ \
Elzo =822 bh3/(1+ﬁd) I ‘ \ \ \
5 | f,=400MPa // / /’ ,‘ \l \]
$:=0.85 ) / /S /)
¢ =0.65 P // // // // //
0
0 1 2 3 4 5 6

M,/(A,h), MPa
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Table 7.12.7 Rectangular Columns with Equal Numbers of Bars in Side Faces Only

30

*pt=6%,k=;1307 Qg//\/\ - —
:Pt=5%,k=I1158 ;\‘\q///< \\ ~ y=0.80 { PR
25 : y
~ N N
| pe = 4%, k=1008 ) vh
B - f N /}\ N \\ fc =30 MPa LhJ
| pe=3%, k =859 P NG
20 : ‘}'/ \\ AN AN 05 3
o [ pe=2% k=710 /TN N INERA S I N
o f sl N N NG AN . N\
2 | pe=1%, k=560 7 N N NN AN AN \
<15 R\ NS WD S N - AN
I
& N\ NN\ A
N\ N\, N\, £/f=10 N\
N N\ N\ N\ N\ sIy
10 AN AN N[ N—T"N" T '\ \
Elys = kbh3/(1+4) X\ \ \ \
19 ‘ | \ \ \ \ \
Elyo =822 bh3/(1+f4) /I I' \ ) \l \] \\
5 | f,=400 MPa // // / / // /} /
$s=0.85 iy b4 // // // //
. $e=0.65 - / / / / /
0 1 2 3 4 5 6 7

M,/(A,h), MPa

Table 7.12.8 Rectangular Columns with Equal Numbers of Bars in Side Faces Only

30
L b= 6%, k = 1545 09‘!>( ~_ —
| pr=5% k=|1356 \*/// ™ y=0.90 {[
| ) X f\:,/ . e o @
25 I
N ~ ™~
- pe= 4%, k=1167
- K T~ S\ fi=30mpa L
| pr=3%, k=978 / TN |
20 — N ~05 ~
© - pt:2%,k=l789l/ N N fS/f‘// N
o 7 N N N LN N\
2 | pe= 1%, k = 600 ‘\\ \\/ L N \\ \\
> 15
NS N N N N ~ TN
A N <C N N N A0 Y
N N\ N\ N\, N e
\\ N\ h N N+ N\
Elyo = kbh3/(1+4) \ \ \ \ \ \
Elyo = 822 bh3/(1+f34) Il ) ) \’ \'
> | fy=400 MPa // // // / / /
¢)s =0.85 / ,/ P / // //
o LPZ0E o / / / /
0 1 2 3 4 5 6 7

M,/(A,h), MPa
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Table 7.12.9 Rectangular Columns with Equal Numbers of Bars in Side Faces Only

30 :
| pr=5%, k=864 N /"
= ! ~ ”Q;/\ ™N =0.60 {
- | pe=4%, k=780 s\%\‘\;/ ~ N\ | rEe
T A\ N\ AN fL‘
| e =3%, k=696 ~ NN f. =35 MPa L’;
] SN NN
20 0t =2%, k=612 yAR N AN N\
i SN NG NN s
é_“ - Pt = 1%, k =528 S N\ AN \ fslfy$0/'( \\
S N\ N\ N\ N N\ N\
> 15 N NN N XN NN\
N N AN N I\ N\ N N\
ot N\, N\ N\ \ \ N\ \
N\ \ \ \ N\ \ N\
D e N e e N
10 \ NN 10 N
Elyg = kbh3/(1+Bd) I) \ \ \
Elyo = 887 bh3/(1+Bd) /
5 | f,=400 MPa // / 7
o= 0.85 AN /S /)
¢.=0.65 ~ L / / / /
0 Z Z / / / /
0 1 2 3 4 5 6

M,/(A,h), MPa

Table 7.12.10 Rectangular Columns with Equal Numbers of Bars in Side Faces Only

T k I ' )k/
| = 5%, =1015 . e o 0
= ’ ~ \‘\*//j«/ \\ =070 °
- p:=4%, k=901 ‘\" y=0. « e
25 i ~_ X SERN B
| pe=3%, k=787 ~C N f. =35MPa :
' NN
20 bLpe=2% k=672 S N
. ~ NN N N
& | pe=1%, k=558 NG IONL N 2N Y
= N N\ NAT
=15 N N NN N\ N AN
N N NL_—"\ N AN N\, N\
ot N _—\N N\, AN AN AN \
NN NN\ S0
10 \ \ AN AV \ X
\ \ \ \
Elyg = kbh3/(1+04) \\ \\
Elyo = 887 bh3/(1+84) / \ \
> | f,=400MPa S/ / 7 j
¢s=0.85 e J/ / / / /
// // // //
o LE70% s Z Z / /
0 1 2 3 4 5 6

M,/(A,h), MPa
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Short Columns

Table 7.12.11 Rectangular Columns with Equal Numbers of Bars in Side Faces Only

30 I T <<
| Pt = 5%, k|: 1190 Q.Q N \\ T . o0
T 4 N b
)5 |- pt=4%, k.:1041 \,,\‘\K \\ \\ \\\ y=0.80 JRLER
B T \7< N \\ th
,ptzaﬁ,k;z 892 / \\ \\ \\ o N fe=35MPa h
o Do TSN 28
f yay N\ N\ N X AN AN
g I~ Pt = 1%, k=593 \\ \\ \ >(\ \\ N \\
S NG N\, N\ \ \\ N\ N
> 15 N N\ N\, N N\ AN N\
< N KX N\, N\ N\ N \ N\
o~ NI\ N\ N\ N f/AE 0 NN
\ \ N\ \ N~ \
N\ \ —\ \ \ \
10 —x [ \ \ \\ \\ \\
Elyg = kbh3/(1+ﬁd) \\ \\ \ \\
Elzo =887 bh3/(1+ﬁd) // I I ‘ Il } \,
> | f,=400MPa / / / / / ] /
s =0.85 J/ / / / / / /
s =Y pd / / / / /
be = 0.65 / / / / / / /
0 Zz y4 y4 Z / / /
0 1 2 3 4 5 6 7 8
M,/(A,h), MPa
Table 7.12.12 Rectangular Columns with Equal Numbers of Bars in Side Faces Only
30 : 7
| p:=5%, k=1389 7/ N T e oo
i WA U] D | y-090 P
bo |Lpezd%k=1200 K N FEREE o ee.
5 T 7 N\ N N \\ "
| p=3%k=1011 /1 O\ N O\ g5 o fe=35MPa Lth
I / =V’
50 |Lpi=2% k=822 NN I e
= ~ \\ > N N\ .
& | pe=1%, k=633 \\ N \ \\ N \\ \\
S N NN N\ N L NG \
< N T\ N AN N\ /0y
o~ \{ N\ N\ N N\ \
AN N\ SN——N% ) \ \
\ \ \ \ \
10 \ \ \ \ \ \
\ \ \ \
El1g = kbh3/(1+f4) ll } \‘ \‘
Elyo = 887 bh3/(1+04) / / / /
5 | £,= 400 MPa // // II II // / /
b.=0.85 /| / / / / /
s ,/ /| / ,/ // //
o LPZ0E / / / /
0 1 2 3 4 5 6 7 8

M,/(Azh), MPa
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Table 7.12.13 Rectangular Columns with Equal Numbers of Bars in Side Faces Only

35

30

25

P,/A, MPa

10

Table 7.12.14 Rectangular Columns with Equal Numbers of Bars in Side Faces Only

35

30

25

10

M,/(A,h), MPa

1
| pt=6%, k=978 e e 0
- ] _ b
L e = 5%, k = 894 S A v =0.60 s o
- ~ Lo KO TN\
| pt=4%, k=810 N W N\ AN , vh
- ; — 777\‘}5//\\ \\ \\ fc =40 MPa
_pt:3A,k:I726 C 7 < N N h
. N NSO NN N
[ pe=2%, k=642 O N0 O O\
- : ~ > NN N NN
- pe=1%, k=558 SN \C \f¢05
/T N\ N\ fs/ y AN
NN N TN NN
NN N VNN N
NN NN NN
N LS\ AN N\
NN NN\ N\
\ \\ \\ \\ \\ \ p N\ \\
- /f,=1.0
Elyo = kbh3/(1+4) \ ];y X \
Elso = 949 bh3/(1+B4) Vo
f, =400 MPa // / /
7 7/ y4 y4 7
¢s=0.85 yd / / / /
J/ / / / /
¢.=0.65 / / / / / /
Z Z / / / /
0 1 2 3 4 5 6

M,/(A,h), MPa
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1
- b= 6%, k = 1160 ™ ~_ «ee
B . ~O - b
- pr=5%, k=1046 ~ \%*/,0/:(\ \\ v=0.70 s
| o= 4%, k=932 K K
L S 4 — fe=40MPa | ¥
- pe=3%, k=817 \% \\ h
| pe=2%, k=703 SCTNG N N
= y 4N N\ N T_05 S N
L pr=1%, k=589 NG S /57 2= SN
N N < AN N\
N\ N\ AN AN AN A
N N O |\ N N\ AN
. N\ N\, AN AN N
\< \\ N \\ \\ N 10 77&
NN N\ TN
AN = \ \ \
Elig = kbh3/(1+B4) \ \\ \ \\
Elyo = 949 bh3/(1+4) \\ \\
fy =400 MPa / / / / /l ;‘ \)
_ 7 4 y 4 7/ / 7
¢s=0.85 pd / P4 / / / /
~ J/ / / / /
¢c=0.65 yd / / / /
= Z Z / /
0 1 2 3 4 5 6

N
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Short Columns

Table 7.12.15 Rectangular Columns with Equal Numbers of Bars in Side Faces Only

35 , .
- pi=6%, k=1370 &/ NEER
B R T s\(’//\ N y = 0.80 b
30 | pt=5%, k.= 1221 1\9\ - - iy L)
| o = 4%, k =1072
i - 3% kl 922 \7<)\\\ N \\\ fc=40MPa LVThJ
25 F pPt=37%, :— 7< ~ ]
| pe=2%, k=773 N N\ f 40.5)( ~
© = : - \\ N BTN N\
e 20 |pi=1% k=624 4N N\ N AN N N\
S NG N N N\ N\ N\ N
- N N N\ N N AN
< . NN\ AN N \ N
& \\/ \\/ \\ A N \\ \\
15 KON < /=10 NN
A N\ N\ \ \
\ AN \ \ \ \ \
\ \ \ \ \ \ \
10 | Eho = kbh3/(1+8,) \‘ \‘ \ \\ \\
Eloo = 949 bh3/(1+04) / y /l ) > \}
g |fy=400MPa / / / / / /
_ 7 / / / / / /
¢5=0.85 S / / / / /
P / / / / /
¢c=0.65 o P / / / / / /
0 = Z y Z Z / /
0 1 2 3 4 5 6 7 8
M,/(A,h), MPa
Table 7.12.16 Rectangular Columns with Equal Numbers of Bars in Side Faces Only
35 Il T /
- pe = 6%, k = 1609 KNP ™~ o P
o ko 5 y=090 P | .
30 | pt=5%, k:— 1419 ;\/,,\// il il
"~ pr= 4%, k=12
Nkl SN EY.a) ~L_ fi=d0mpa | ¥,
B = = Y
25 | pe=3%, k:— 1041 —, SN ™~ 5 h
| p=am k=852 7 | NN NI T
© = I N \\\ N ~ \\ N
o — 109 -
$ 20 | pi=1% k=663 ~C ~_ <~ - = -
- ~~ N AN AN NN
< N\ N . AN . ~10 ]
S N\ N\ \\ N AN N fo/fy= Y
a’ 15 A N\ N\ \\ N
N\ AN \ S—X X
N1\ \ \ \
\ \ \ \ \
\ \ \ \ \ \
10 | Eho = kbh3/(1+B4) \, \| \ \‘ \\ \\
Elzo = 949 bh3/(1+04) /I /I / /I /I /\
g |f=400MmPa // "’ / / / /
¢5=0.85 S S / / / /
P pd /| /| / /
¢ =0.65 ~ i / / pd /
0 p.d Z / /
0 1 2 3 4 5 6 7 8

M,/(A,h), MPa
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Table 7.12.17 Rectangular Columns with Equal Numbers of Bars in Side Faces Only

35

30

25

P,/A, MPa
=
w

10

M,/(A,h), MPa

! N
1 \\ \\ o e 0
- pe=5%, k=923 N
d T N //Q.)(/ R y=0'60 l{[ e o 0
[~ pt=4%, k=839 \‘\i / AN
- N ‘\9/)( N \\ "
*pf=3%,k=755 \ \ fé=45MPa LV
B T N / h
" pe=2%, k=671 N~/ DN AN «
. SN N NN\
- pr = 1%, k =587 \\{ \\ ‘\ \\ 5 \\
- G0 NG . N N N TRl = a |
~ NN AT
N A D Y N\
NN N DN NN
N\ ) N N B\ N N
NSO O N NN NN
XN N N N NN NI\
\  \ \ NN
\\ \ \ \ \ fs/fY\: 1.0 \*i T
Elys = kbh3/(1+84) 1' \ )
Elzo = 1006 bh3/(1+04) /)
£, =400 MPa // / / / /
7 7 y4 7
¢s=0.85 e pd / / /
~ pd J/ / / / /
¢c=0.65 7 / / / / / /
= Z / Z / / /
0 1 2 3 4 5 6

Table 7.12.18 Rectangular Columns with Equal Numbers of Bars in Side Faces Only

35

30

25

P,/A, MPa

10

T
: / * @ o
- pe = 5%, k=1075 ~ 00>/\ \\ b
B T TN v . V= 0.70 L]
™ pe=4%, k=961 ,\,’\,*(/
| pe=3%, k =846 \\(/ N fe=45MPa Lyh
" pe=2%, k=732 ST ~ -
| pt=2%, _. ‘\(/ N \\ N\ N\ =T
- pe=1%, k=617 N0 TN ~ s s |\
. N\ £l$12 AN N AN
TN N N\ N\ AN N N\
N N\ N\ N AN AN
N N\ AN AN N\ AN
. hN AN N\ N\
NN N
\ \ \ \ f5/h=10 N
X \ \ \
\ \ \ \
Elio = kbh7/(1+84) L N w—|
Elyo = 1006 bh3/(1+84) // / ) \\ \\
f, =400 MPa > // / // /, /l
_ 7 7 7 / / /
¢s=0.85 et ) / / / / /
-~ i A J/ / / /
¢c=0.65 o >~ pd yd / /
=z Z Z pd VA
0 1 2 3 4 5 6 7

M,/(A,h), MPa
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Short Columns

Table 7.12.19 Rectangular Columns with Equal Numbers of Bars in Side Faces Only

» | BN
- T Q x
| pi=5%, k=1250 ,,0')< b A
: \&* \ y = 0'80 . e 0
30 | pr=4%, k=1101 ‘\/" L 4
| pe=3%, k:= 951 )(7\\\\\ \\\ \\ f.=45MPa L ‘:’
25 | py=2%, k =802 7N g AN N S
: TN N N\ L
. | pi=1%, k=652 7 O NG N BN TN
< 70 AN N AN AN AN
s S AN AN AN < AN
. . \\ \\ AN AN N\ .
< NN\ NG AN N\
<& 15 NN NN fi/h=10 N —
\ A N ) — \
\ \ \ \ \
‘\ \ \\ \\ \\
10 Elig = kbh3/(1+ﬁd) ‘) \\ \ \\
Eloo = 1006 bh3/(1+,) yARnY. / 1 )
4
g |fy=400MPa A / / / / /
_ 7 7 y 4 / / 7 7
¢;=0.85 S S / / /
$.=0.65 ~ / / /
0 Z Z Z Z
0 1 2 3 4 5 6 7 8
M, /(A,h), MPa
Table 7.12.20 Rectangular Columns with Equal Numbers of Bars in Side Faces Only
35 | —
B : Q ‘>( T . o o
| o= 5%, k= 1448 % ™ S b
30 F : ,\9\‘\* P y=0.90 e
™ pr=4%, k= 1253 e
- e ™~ N
| 0= 3% k=1070 /,/ - I I ) fe=45MPa L"”
25 | po=2%, k=881 7 C ~ . .05 h
y” —~ N %) ~~<
| o= 1%, k=692 TN NN N N
© pe=1%, N N\ ST N . N ANy
s DN AQ AN N
N . N 210 N
< \\ \\ \\ N fo/fy=t
N \\ \\ N
o~ 15 N\ N\, SN\ \
N\ \ \ \
X— T\ \ \ \ \
\\ \\ \\ \\
10 | Eho = kbh3/(1+4) / ) ] \ )
Elao = 1006 bh3/(1+84) / / / / /
£, = 400 MPa / / ) / / /
5 _ 7 7 7 7
¢s=0.85 gl / / / / /
_ S~ yd / / / /
¢c=0.65 L~ _~ / / / L/
0 ) / Z
0 1 2 3 4 5 6 7 8

M,/(A,h), MPa
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Table 7.13.1 Circular Tied or Spiral Columns

25 | ~-
! N
- pt=6%, k=666 \ \ y =0.60
Emm W G ()
20 pe=5% k=595 N O , .
o kess 7x\3\%*’/\ N fe =30 MPa 3
N ™\ N\ N\
pr=3%, k=454 N\ NN N\
w15 |——~ NG NS AN AN
a pr=2%, k=383 NC . N\ N\ N\ N
2 N N0 N N NN 5\
RS pe=1% k=313 3 ONU 1N\ ]c/fy=°')\
~ N0 NN N\ ; AN
10 NN N TN NN
NN SN NN NN 7
AU " U U N N N RN
Elis = kh*/(1+f4) XN NN N NN N
\ \ \ \ \ \ ]
5 Eloo = 484 h*/(1+4) )—; ) \[ \[ \/ fs/f,=1.0 ]
- )
J,=400 MPa J /) ] 2
¢5=0.85 pd / / / / / / / a
¢.=0.65 v / / / / / / / Q
0 pd i Z / [ / =
0 1 2 3 4 5 g
M. /h3, MPa
Table 7.13.2 Circular Tied or Spiral Columns
25 | ~—
| [ [ Sl
=0 - O
- pi=5%, k=723 2
20 ' i) N .
e K S| N femaomes
[ NG > N\ N
pe=3% k=531~ NN\ N\ N\ N
15 b . SN O AND N N NN
a pe=2% k=434 T N N\ N N o N
; — | N N\ N\ N\ N\ fslfy‘g' N\
o pi=1% k=338 P NN\ N SN N\
N ~ N\ N N\ <"\ N AN
10 N\ N\ N L\ AN N\, AN
N\ SN\ N\ AN AN AN AN
X\ AN \\ AN
El1o = kh*/(1+f4) \\ N\ N\ \\ N fs/fy=1.0
5 | Elo=484 h/(1460) I | \ \
f, =400 MPa /I | \\
¢s=0.85 yd J/
=0.65 A / J
0 < e pd pd )
0 1 2 3 4 5
M. /h3, MPa
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25

20

P./h% MPa

10

25

20

P, /h% MPa

10

Table 7.13.3 Circular Tied or Spiral Columns

I S~

I~
***** pr=6% k=996 TN O N y=0.80
. ~N \f\q )( \

pt=5%, k=870 K5 N\
BN ey g N fo=30MPa || |
pi=4%, k=745 | N N h
N T TN S AN
pe=3%, k=619 > N N
—— ~ TN N N N N s DN\
pe= 2%, k=493 S N N N fs/f AN
— ™S N\ N AN AN
pe=1%, k=368 \\ ‘\\ >< )< \\ \\ \\\
N
NN N N DN NN
N N AN \, N\ N\ N
N\ N\ N\, N\ \\ £./f,= 1.0

Elio = kh*/(1+B.) NN N \\ \ \ \
Elyo = 484 h*/(1+B4) \‘ \\ \\
N | \

s = U. /

¢ =0.65 r // // / )
0 1 2 3 5
M, /h3, MPa
Table 7.13.4 Circular Tied or Spiral Columns
=+
————— p\,: 6%, k = 1196 q,/095" y=0.90 '
[ pe=5% k= 1037 20N ~_
O~ ~__ S~ fe=30MPa n
Pt k=878 > “
T m\= 3%: k= 719\/\ \\ \\ N N
T pe=2% /!:5;&\ \\ \\ /403‘< ™~
—— T™_ N N\ DT I\ N
pe=1%, k=401 "\ — N\
N N O 1N\ .
\Y) \\ \\ N \\ o
\ ‘\ X’_\ fs/f)’ -
Elyg = kh4/( 1+Bd) \ \\ \\
Elao = 484 h*/(1+f4) \ \\

, =400 MPa / \
¢5=0.85 / / / )
¢c=0.65 & / / //

0 1 2 3 5
M., /h3, MPa
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Table 7.13.5 Circular Tied or Spiral Columns

30
Pt = 8%, k =827
| p,= 7% k= 756 v =0.60
25 ——
ey \\\ fe=3smpa ||
. Pt= 0o, k= T I
e PR N (T 0N :
20 b pr=4% k=544 N \r\(A
a I 3% k= .42 N O N .
= | pi=2% k=403 NG S NG N IO N
~> 15 NN N AN N\ N\
< | 0=1%,k2332 | S NG NG O N Y o\
2 R U N N N A N Jfy= 022N
o N\ N N\, N\ LN N
N NN NN N\ AN AN
10 D N i N I G
Elig = kh4/(1+,8d) N N\ N\ \L AN \\ AN AN
_ \ \ \ \ N\ N\ o
Fla0 =523 /(1) ) W | W W S -
5 | =400 MPa /4 N Ay A SRSy SUS—Y & — —
¢s=0.85 J/ / / / / / / /
) pd / / / / / /
¢c=0.65 ) pd y4 / / / /
0 z pd pd Z / / /
0 1 2 3 4 5
M, /h3, MPa
Table 7.13.6 Circular Tied or Spiral Columns
30 :
— ~ pe=8%k=1031
= 7% k=935 y=0.70
% /——
— Ot = oo, = \
- .6/ Koo T~ 0 >~ fc=35MPa n
pe=5%, k=742 AN h
e ——— ™~ &slﬁ“/\ RN
20 b pt=4%, k=646 o d . \\
o i pe=\3%, k= 5|50\ \X N \\ N\
= | pe=2% k=454 N N N ™~
~ 15 ~_ N\ N N N\ 05 ~
< | pe=1% k=358 | O N DS N
N N N\ T N AN
o NG N N N <\ N N
N N\ N\ N\ N\ N\
10 N\ AN AN N N\ N
4 RN N\, AN N\ AN N
Elig = kh*/(1+04) N\ \\ N\, N AN £./f,=1.0 ¥
Elyo = 523 h*/(1+B4) \l \I N - X
= / | \
5 | f,=400MPa — /
s =0.85 d J/
e e P
¢ =0.65 - P ) ) /
0 z z e Z
0 1 2 3 4 5
M, /h3, MPa
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Short Columns

30

Table 7.13.7 Circular Tied or Spiral Columns

| p,=8%, k=1267

~L
= 7%, k= 1141 N\_

25 I 15 0
L pe=6%, k=1015 [ ,
————— S fL =35 MPa n
| pt=5%, k=890 ia \\ -
| o, k=760 ~
20 p\ 4./ k 164 ~C N
o | pe=3% k=638 \{\ ~_ \\ N \\
———— — N
= L pe=2%, k= & \ = 5 )\
15— =P NN\ /by PN
< | pi=1%, k=387 N\ N N SN N
N N — N AN
NN\ N AN AN AN
N Ne—" N\ N\, AN N\ N
10 NN NN - 10
Elig = kh*/(1+4) \ \. AN \fs/fy_lo N
Elao = 523 h*/(1+04) \\ \\ \\
5 | f,=400 MPa \\
¢s=0.85 / \
v \
¢c =0.65 / / '
0 pd Z Z L A /
0 1 2 3 4 7
M, /h?, MPa
Table 7.13.8 Circular Tied or Spiral Columns
30 T
pc= 8%, k =1534
——— pe=T7%,k=1375
25 T~
t = °a, k= >
77777 D¢ = 6% E.f «09
_(\pltz 5/3,/(:10572;\\ s
—— — — Pt = 00, k =
20 e g MR ~ <
) SSSEE B o8
2 | pi=2%, k=579 S\ N . folfy =
O 15 T~ \\ \ \ >( \‘
< [ pi=1%, k=420 SN N N A N
N N N\ K N N\
& N NN \\ N AN
NN N\ N N N ]
10 ‘\ \\ \\ N\, \\ N fi/fy=1.0 _ ]
E|19 = kh4/(1+ﬁd) \\ ‘A____% \ \
Elao = 523 h*/(1+4) \ \\ \\ \\
= | \ \
" ooms an’ | o
N / / / J ) \
¢.=0.65 / / )
0 ZL L Z
0 1 2 3 4 5 7
M, /h3, MPa
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Table 7.13.9 Circular Tied or Spiral Columns

Table 7.13.10 Circular Tied or Spiral Columns

7Ipt=7%,k=774 v =0.60
p:e%, k=704 \\ '
. Pt =5%, k=633 ?\ fe=40MPa n
I I ~— AN ~N
pr=4%, k=562 \ \%\)’/\ \ h
— NN\
pe=3%, k=491 N ~C ~NC N
Ly k- o NN NGO\
pe=2%, k=421 ~0 N NN\ N\
I TN > NN\ N N\ N\
pe=1%, k=350 ~ N\ N\ L N
7N \, N\ ~ /f =05
S N D N N NS £ N
NN N N2\ AN AN
NN D NN N\ N \
N\ \, N\ N\ N\ AN
Elio = kh*/(1+84) ‘\ \\ \\ N\ \\ \\ \\ \ ]
Elyo = 559 h*/(1+B4) y ) \I \; \\' N fs/f =10
- / / / / / /|
fy= 400 MPa 7/ 1/ / ]
¢s=0.85 e / / / / / /
e J/ / / / / /
¢.=0.65 prd pd p.d J / / /
z z ZzZ Z / / /
0 1 2 3 4 5
M., /h3, MPa
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pe =7%, k=953 0.70
y=0.
- p = 6% k=857 \\
= 0
e Pt = 5%, k=760 //0')(/\ f’c=4o MPa n
- —— _\o L ﬁsl&ﬂ N h
pe= 4%, k = 664
| | e 1 \ \
pe=3%, k=568 ~C ~C AN
[ = I e N N
pe=2%, k=472 NSC N N N N\ |
TN N N N\ e =05 N |
pe=1%, k=376 O N N N fs/fy
~ N SN N\ N\ = N\ N\
N N\ R N\ N\ N
N AN N N\ N
N LTI\ N\ L . N
‘(\ \\ AN \\ \\ AN N
Elio = kh/(1+B4) N\ AN N /i
El2o = 559 h*/(1+B4) / | ‘
- / /
£, =400 MPa — Y,
s =0.85 pd pd /
~ “ “ i L
¢ =0.65 _ L~ e Pt P i
= z ) pd pd 4
0 1 2 3 4 5
M, /h3, MPa
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Short Columns
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Table 7.13.11 Circular Tied or Spiral Columns

pt=6%, k=1033

™~
.= 7%, k= 1159 SN
~

T
— p:=5%, k=908 7]

/

N\

o
7\3/

=

o
>\/

-l
— pe=4%, k=782

—_—

| T
[ pe=3%, k=656 S
~ 7

/K

/| /
//

~ 1
[ pe=2%, k=531
=~ I N

/

//

| pr=1%, k=405 N\

/
/

N~ N\

N

/

/
(
)

N

X

A
/

N

/

/
/

Elio = kh*/(1+4)

Elyo =559 h4/(l+ﬁd)

£, =400 MPa

$:=0.85

$.=0.65

M, /h3, MPa

Table 7.13.12 Circular Tied or Spiral Columns

.

I
~ pe=7%, k=1393

T~

T
| ¢ = 6%, k= 1234

y =0.90

o0

-~ pd

 pt=4% k=916

N

|

™~
N

/

fi =40 MPa

N

~C >
" pe=3%, k=757 R
N

[ pe=2%, k=597 ‘\

S

N \

. A \‘
 pe=1%, k=438 “N\_

— N
N

N N

N

N\

N

N

AN

Nt N\
N\

AN

NN

Elig = kh*/(1+04)

——N— 1 ‘\

\
\

E|20 =559 h4/(1+ﬁd)

£, =400 MPa

s =0.85 /

¢c=0.65 v

M, /h%, MPa
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Table 7.13.13 Circular Tied or Spiral Columns

30
0= 7%, k=791 ~
pt=6%, k=720 \\ y=0.60
=5% k= N
25 %—‘pf 5%, k=650 PN
| pe=4% k=579 5T TN fr=asmpa || 5]
e —— . ~—— [ | %&\ \\ \\ h
| p=3%, k= ~eo N
20 pe=3%, k =508 7\< N N
[ pi=2%, k=438 SN NN N N\ AN
© : — NN N\ N NU N\
o L pe=1% k=367 N NN N N0 X
S ~ S N\ AN L
~> 15 NN N\ N\, N /]c =051 ™
& DD D N N B NS 2
N SOOI N N N AN
a NG\ NN\ AN AN N\
N N\ T\ AN AN AN
10 NN
Elo = kh*/(1+4) o\ \ \\ \\ £ /f; 210 )
Elzo = 593 h%/(1+04) // // / I/ // // //
5 | f,=400 MPa 4 7 7 7 7 Ji /
s=0.85 pd pd )4 / / / /
~ pad yd S / / / /
¢ =0.65 L A “ S / /
0 =z pd pd / /
0 1 2 3 4 5
M., /h3, MPa
Table 7.13.14 Circular Tied or Spiral Columns
30 pe = 7%, k=970
_ pe=5% - 0 \
s e R b ~_ |7*" =
0 E—— pe=3%, k =585 \\(2\\ \\
[ pe=2% k=489 NS N N N N N
. ‘\(7\‘ § \\ \\ .
777}7[:1/),/(:393‘ \ \ \ \ ‘fs/fy,osf

<
NG N\
N\ N ST N\, \\ N\

P./h?, MPa
[y
(02}

10 10 —
El1o = kh*/(1+B4) \ N NE LN AA-10 0
Elyo = 593 h/(1+04) /’
5 | f,=400 MPa // // -
$s=0.85 ) e o /
e ~ / pd i
. =0.65 ,/ e pd P pd
0 e s e
0 1 2 3 4 5
M, /h3, MPa
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Table 7.13.15 Circular Tied or Spiral Columns
30
~ p,=7%,k=+1176 ~_
| pe=6%, k= 1050 ¥Q.Q PN
25— p=5% k=925 ™~
P y\ \\ ’
ok k=799 NN fe=asmpa | |5
— \\ \\ \\ N
LA, S N -
0/ =2% k=
. pe=2%, k 548\ \\ N f
o | pe=1%, k=422
= LS N NP
s N\ Ne—"\ AN
N NN\
a \\ \\ AN N
10 N\ 0N
El1o = kh*/(1+4) \\
Elyo = 593 h%/(1+4) \\
5 | f,=400MPa Y, \‘
s =0.85 / 4 {
¢ pd /
¢ =0.65 o / /
0 Z Z
0 1 4 7
M., /h3, MPa
Table 7.13.16 Circular Tied or Spiral Columns
30
pe=7%, k=1410
pr=6%, k=1251 \\ LA TN
~ 3
=5% k= Kol
25 < P 5%, k 1?92/\ ~C
= 4%, k=933 >N nh
e S ~< ] N
| pe=3%, k=773
20 ={t, - N
[ pe=2% k=614 \\ N
© .
S | 1% k= U NN
< pe=1%, k‘455 ~ N N
~> 15 N N\ N\
< N\ N
N N\ =10 N\
O )
E|19 = kh4/(1+Bd) \ \\
Elzo = 593 h%/(1+4) \\
5 | f,=400 MPa //
s =0.85
pd /
¢c=0.65 / pd /
0 Z Z
0 1 4 7
M, /h3, MPa
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