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CHAPTERS 1, 5, 7 AND 12: 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 1.20: Beams with Prismatic Haunch at One End 1

(O Y, )

|eJauan

Mas rh _:_ i Mea
< L Sy
Unif. load Concentrated load F.E.M. — coef. X PL Haunch load
Right Carry-over Stitfness F.E.M. 2 F.E.M. 2
haunch factors factors coef. X wlL. b coef. X WL
0.1 0.3 0.5 0.7 0.9

a r CAB cEA kAB kBA MAB MBA MAB MBA MAB MBA MAB MBA MAB MBA MAB MBA MAB MBA

0.4 10.593 10.491 | 4.24} 5.1210.0749{0.1016(0.0799/0.0113(0.13970.0788(0.1110|0.1553,0.0478:0.1798/0.0042/0.0911|0.0001(0.0047
0.6 |0.61510.490 | 4.30| 5.40|0.0727/|0.1062|0.0797]0.0119|0.1378|0.08280.1074 |0.1630/0.0439(0.1881|0.0029(0.0937 [0.0001 [0.0048
0.1 } 1.0 |0.639 [0.488 | 4.37 | 5.72(0.0703|0.1114|0.0794|0.01250.1358(0.0873(0.1035(0.1716[0.0396|0.1974 [0.0016 (0.0966 [0.0001(0.0049
1.5 10.652|0.487 | 4.40| 5.89 (0.0690/0.1143|0.0782|0.0129(0.1346(0.0898/0.1012]0.1764]0.0373/0.2026 [0.0008|0.0982|0.00000.0049
2.0 |0.658 | 0.487 | 4.42 | 5.97 10.0684(0.1156(0.0791(0.0131(0.1341(0.0910[0.1002/0.1786/0.0361|0.20500.0005 |0.0990|0.0000/0.0050

0.4 [0.677 10.469 | 4.42| 6.37 {0.0706(0.1126(0.0791(0.0134(0.1345(0.0925[0.1020/0.1788(0.0409(0.1975]0.0050|0.0890|0.0013]0.0171
0.6 {0.730{0.463 | 4.56 | 7.18]0.0664(0.1225(0.0785(0.0148(0.1302(0.1025(0.0942/0.1872/0.0335(0.2148/0.0037|0.0917/0.0010;0.0178
0.2 )1.0|0.793 {0.458 | 4.74 | 8.22(0.0610(0.1353|0.0777|0.0168|0.1248|0.1154(0.0843|0.22070.0242|0.23680.0022|0.0951|0.0006/0.0187
1.5 |0.83110.455 | 4.86 | 8.88[0.05760.1434/0.0772|0.01800.1214/0.1235/|0.07810.2355|0.01820.2507 10.0012{0.0973 (0.0003/0.0193
2.0 |0.849 {0.453 | 491 | 9.20/0.0559(0.1473|0.0769(0.0186/0.1197/0.1276(0.0750)0.2428(0.0153(0.2576]0.0007}0.09840.0002(0.0196

0.4 10.741]0.439 | 452 7.63(0.0698)0.1155]0.0787|0.0148/0.1319/0.1013|0.0987[0.1899|0.0420|0.1929/0.00560.0868 |0.0045|0.0338
0.6 1 0.831 [0.427 | 475 9.24 (0.0642(0.1296{0.0777|0.0175]0.1255(0.1182(0.0877{0.2185|0.0338|0.2130{0.00450.0893|0.0036|0.0359
0.3 | 1.0 | 0.954 [ 0.415 | 5.09 | 11.69 |0.0559/0.1511]0.0762|0.0215|0.1158|0.1440(0.0711/0.2621|0.02170.2436(0.0028(0.0930/0.0023|0.0391
1.5 11.036 | 0.409 | 5.34 ] 13.53 (0.0497]0.1673|0.0751|0.0245{0.1085]0.1633]0.05870.2948|0.0128/0.2665 /0.0017|0.0959{0.0014|0.0415
2.0 | 1.078 | 0.407 | 5.48 | 14.54|0.0464|0.1762|0.0745(0.0262(0.1045|0.1740{0.0520{0.3129(0.0080{0.27920.0010|0.0974{0.0008(0.0448

0.4 |0.774 | 0.405 | 4.55| 8.70{0.0703{0.1117/0.0786|0.0156(0.1315[0.1035|0.0992|0.1855|0.0445]0.17730.0059|0.0849|0.0106(0.0509
0.6 [0.901 | 0.86 | 4.83|11.28{0.0646(0.1269|0.0774|0.0192(0.1240(0.1254|0.0875(0.2182|0.0377(0.19320.0049(0.0869(0.0089(0.0547
04| 1.0}1.102 0.367 | 5.33|16.03 ]0.0549{0.1548/0.0752(0.0257|0.1105/0.1658 (0.0671(0.2780{0.0267{0.2222|0.0034 [0.0904 (0.0063(0.0616
1.5 | 1.260 | 0.357 | 5.79 | 20.46 |0.0462/0.1807|0.0732(0.0319|0.0982|0.2035/0.0485|0.3339|0.0173]0.2491 (0.0022|0.0938|0.0037|0.0679
2.0 | 1.349 | 0.352 | 6.09 | 23.32{0.0407{0.1975(0.0719{0.0358(0.0903/0.2278{0.0367 |0.3699/0.011310.26640.0014|0.0959|0.0027|0.0720

0.4 |0.768 | 0.371 | 456 | 9.45!0.0700/0.1048(0.0786|0.0154(0.1312(0.0993/0.0983|0.1679/0.0442(0.1663/0.0059|0.0836|0.0189/0.0656
0.6 (0.919/0.343 | 4.84 |12.9410.0651/0.1176(0.077410.0193(0.1240(0.1218/0.0884|0.1935/0.0386(0.1769/0.0051|0.0849|0.0167)0.0702
05| 1.0 | 1.200 [ 0.316 | 5.42|20.61|0.0561|0.1451|0.0749/0.0280|0.1096(0.1708{0.0706 [0.2486|0.0299(0.1993(0.0038(0.0877 (0.0131/0.0802
1.5 11.47010.301 | 6.1029.74|0.0466|0.1777/0.0720;0.0384|0.0934|0.229010.0516]0.3137,0.0215|0.2255 (0.00270.0909|0.00940.0918
2.0 | 1.647 | 0.295 | 6.63 | 37.04 |0.0393(0.2036|0.0698/0.0466(0.0807(0.2755]0.0370{0.3655/0.0153|0.2463/0.0019|0.0934|0.0067/0.1011

0.4 |0.726 | 0.341 | 4.62| 9.84(0.0675(0.0986(0.0782(0.0146(0.1280(0.0816]0.0923/0.1519(0.0419(0.1603/0.0056|0.0829/0.0283/0.0769
0.6 {0.872|0.305 | 4.88 | 13.97|0.0630|0.1072|0.0771(0.0183|0.1214/0.1096{0.0835[0.1664|0.0368|0.1666 [0.0048/0.08370.0254{0.0813
0.6 | 1.0 {1.196 | 0.267 | 5.43 | 24.35|0.0560(0.1277|0.0748(0.0274(0.10920.1537{0.0705|0.1999(0.0299/0.1804 |0.0038/0.0854}0.0212{0.0913
1.5 (1,588 |0.247 | 6.18|39.79|0.0482|0.1572|0.0718|0.0408(0.0939|0.2183{0.0572|0.2478|0.0237/0.1997 |0.0030/0.08780.0171/0.1055
2.0 | 1.9050.237 | 6.92 |55.51|0.0412|0.1870/|0.0688(0.0544|0.0792|0.28390.0455(0.2960(0.0186/0.2189(0.0023|0.0901(0.0136{0.1197

0.4 [0.65710.321 | 4.86| 9.96|0.0631{0.0954/0.0770|0.0138|0.1175|0.0846/0.0844|0.1461(0.0392/0.1582|0.0053;0.0827|0.0372|0.0854
0.6 [0.77010.275 | 5.14 | 14.39]0.0580(0.1006/0.0758|0.0167|0.1097(0.0955/0.0745|0.1543|0.0335(0.1621/0.0045|0.0832|0.0330(0.0890
0.7 | 1.0 | 1.056 | 0.224 | 5.62|26.45]0.0516/0.1122/0.0738(0.0243(0.0992(0.1213/0.0626(0.1710(0.0269|0.16940.0035/0.0841(0.0280(0.0965
1.5 11.491/0.196 | 6.24 | 47.48 |0.0463{0.1304(0.0714(0.0371(0.08900.1633}0.0537|0.1959(0.0223|0.1796 /0.0028[0.0854|0.0241|0.1076
2.0 {1.9440.183 | 6.85|73.85|0.0417/0.1523|0.0687 (0.0530{0.0793(0.2149/0.0468/0.2255/0.0191(0.1915/0.0024(0.0869(0.0210(0.1210

0.4 105830319 | 546 9.97 0.0585/0.0951(0.0741|0.0137{0.1040(0.0837[0.0793{0.1456]0.0380|0.1580(0.0053(0.08260.0452]0.0917
0.6 | 0.645 | 0.263 | 5.89 | 14.44 {0.0516|0.0990(0.0721|0.0160{0.0921|0.0907 [0.0667{0.1520(0.0311]0.1614|0.0043|0.0831{0.0388/C.0951
0.8 | 1.0 |0.818|0.196 | 6.47 | 27.06 }0.0435/0.1053|0.0696{0.0211(0.0781(0.1025[0.05210.1615|0.0232(0.1660(0.0031(0.0838{0.0314/0.1004
1.5 (1.128|0.155 | 6.98 | 50.85 [0.0385/0.1130/0.06760.0296(0.0692(0.1175]|0.0432{0.1715|0.0184/0.1705 (0.0024|0.0844[0.0268|0.1064
2.0 {1,533 |0.135 | 7.47 | 84.60 [0.0355|0.1222|0.0658/0.0412(0.0638|0.1357 [0.0384|0.1824|0.0159(0.1750/0.0020(0.0849|0.0242|0.1133

0.4 10.524 | 0.356 | 6.87 | 10.10(0.0604(0.0948(0.0674/0.0157(0.1031/0.0835|0.0844(0.1439(0.0418(0.15680.0059|0.0824(0.0550(0.0942
0.6 {0.5420.295 | 7.95 | 14.58 |0.0497|0.0991|0.0623[0.0184/0.0866 |0.0913(0.0691|0.1510(0.0339|0.1605[0.0048|0.0830(0.0460|0.0985
0.9 | 1.0 | 0.594 | 0.206 | 9.44 | 27.16 |0.0372/0.1052|0.0553|0.0226|0.0642|0.1023|0.0484]0.1609/0.0231]0.1656 [0.0032|0.0837]0.0337/0.1044
1.5 [0.695 | 0.142 | 10.48 | 51.25 |0.0289(0.1098|0.0506|0.0266{0.049210.1105]0.0346|0.1680{0.0159|0.1692|0.0021/0.0842{0.02550.1089
2.0 | 0.842|0.107 | 11.07 | 86.80 |0.0245|0.1147)|0.0481(0.0306{0.0414/0.1159|0.0274|0.1723(0.0121|0.1714/0.0016{0.0845/0.0213(0.1117
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Table 1.21: Beams with Prismatic Haunch at Both Ends

bL P
W w
Yyvvvy w LYYV VVY
In )
( A j 4rh rhi| ] B
«_-ak } al
Mag 'l < L =! Mga
Unif. load Concentrated load F.E.M. — coef. X PL Haunch load
Carry-over Stifiness b both
factors factors FEM. h h
coef. X WL 0.1 0.3 0.5 0.7 0.9
F.E.M. )
icoef. X wlL
a r Cas = Cpa Kag = Kaa Me=Mas | My [ Mg, | Myo | Mg, | My | Moy | My | Mg, | My, Moo M = M,
04 0.583 5.49 0.0921 0.0905{0.0053/0.1727(0.0606{0.1396 |0.1396 |0.0606{0.1727{0.0053|0.0905 0.0049
0.6 0.603 593 0.0840 0.09320.0040/0.1796|0.0589{0.1428|0.1428/0.0589{0.1796/0.0040{0.0932 0.0049
01110 0.624 6.45 0.0961 0.09620.0023/0.1873|0.05660.1462|0.1462)0.0566(0.1873]0.0023]0.0962 0.0050
1.5 0.636 8.76 0.0972 0.0980(0.0013/0.1918/0.05510.1480}0.1480(0.0551/0.1918(0.0013/0.0980 0.0050
2.0 0.641 6.90 0.0976 0.0988 |0.0008|0.1938(0.0543|0.14890.1489(0.0543/0.1938|0.0008(0.0988 0.0050
04 0.634 7.32 0.0970 0.08740.0079/0.1852|0.0623/0.15060.1506|0.0623/0.1852]0.0079/0.0874 0.0187
0.6 0.674 8.80 0.1007 0.0899|0.0066|0.1993|0.0584(0.1575{0.1575 |0.0584(0.1993(0.0066 {0.0899 0.0191
0.2 | 1.0 0.723 11.09 0.1049 0.0935/0.0046)0.2193/0.0498(0.1654[0.1654 {0.0499/0.2193/0.0046/0.0935 0.0195
1.5 0.752 12.87 0.1073 0.09610.0029|0.2338/0.0420(0.1699(0.1699|0.0420{0.2338{0.0029/0.0961 0.0197
2.0 0.765 13.87 0.1084 0.09760.0018|0.2410(0.0372{0.1720(0.1720|0.0372}0.2410(0.0018(0.0976 0.0198
04 0.642 9.02 0.0977 0.0845(0.0097(0.1763(0.0707[0.15580.1558|0.0707(0.1763[0.0097 |0.0845 0.0397
0.6 0.697 12.09 0.1027 0.0861(0.0095(0.1898|0.0700(0.1665]0.1665]|0.0700(0.1898(0.0095(0.0861 0.0410
03 [ 1.0 0.775 18.68 0.1091 0.0890(0.0084/0.2136/0.0627 [0.1803{0.1803{0.0627(0.2136|0.0084 [0.0890 0.0426
1.5 0.828 26.49 0.1132 0.0920{0.0065|0.2376[0.0492 (0.1891(0.18910.0492|0.2376]0.00650.0920 0.0437
2.0 0.855 3277 0.1153 0.0943/0.0048(0.2555(0.0366 |0.1934 (0.19340.0366/0.2555/0.0048/0.0943 0.0442
04 0.599 10.15 0.0937 0.0825|0.01010.1601|0.0732/0.1509{0.1509(0.0732/0.1601|0.0101/|0.0825 0.0642
0.6 0.652 14.52 0.0966 0.0833]0.0106(0.1668{0.07760.1632|0.1632|0.0776{0.1668(0.0106(0.0833 0.0668
04110 0.744 26.06 0.1067 0.084710.0112{0.1790{0.0835(0.1833/0.1833|0.0835|0.1790(0.0112(0.0847 0.0711
1.5 0.827 45.95 0.1131 0.086210.0113{0.19190.0852(0.1995(0.1995)0.0852|0.1919(0.0113/0.0862 0.0746
2.0 0.878 71.41 0.1169 0.0876(0.0108[0.2033/0.0822|0.2089(0.2089{0.0822/0.2033(0.0108/0.0876 0.0766
05 |00 0.500 4.00 0.0833 0.0810/0.0090(0.1470(0.0630(0.1250/0.12500.0630{0.1470/0.0090/0.08 10 0.0833
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Table 1.22: Prismatic Member with Equal infinitely Stiff End Regi
w
bL P
B
A I=a I=a
I = Constant
MAB MEA
aL alL
p— L =
1
Unif. Load Concentrated Load F.E.M. — Coet. X PL
Carry-over Stiffness F.E.M. 2 b
a Factors Factors Coef. X wlL 01 02 03 04 0.5
c k M MAB MBA MAB MBA MAB MBA MAB MBA MAB MBA
0.05 0.575 5.23 0.0913 0.0940 | 0.0030 [ 0.1505 | 0.0245 | 0.1711 | 0.0595 | 0.1640 | 0.0999 |0.1375 | 0.1375
0.10 0.648 7.1 0.0983 0.1000 | 0.0000 ; 0.1722 | 0.0152 | 0.1968 | 0.0532 | 0.1856 } 0.1019 | 0.1500 | 0.1500
0.15 0.719 1017 0.1046 0.1000 | 0.0000 | 0.1809 | 0.0056 | 0.2247 | 0.0431 | 0.2085 | 0.1013 | 0.1625 | 0.1625
0.20 0.786 15.56 0.1100 0.1000 | 0.0000 | 0.2000 | 0.0000 | 0.2546 | 0.0286 | 0.2369 | 0.0964 | 0.1750 | 0.1750
0.25 0.846 26.00 0.1146 0.1000 | 0.0000 | 0.2000 | 0.0000 | 0.2830 | 0.0118 | 0.2699 | 0.0851 | 0.1875 | 0.1875
Table 1.23: Prismatic Member with Infinitely Stiff Region at Table 1.24: Prismatic Member with Unequal Infinitely Stitt
One End End Reglons
al b
I‘_’i L ""
g
i w
“*“ ‘{ ‘ ‘ {‘ ; ‘ ‘ ; A I = Constant B
I=o00 . Le
L 1= Constant B] }
" L
M, s
C = [1 B [S(Lc+2b) (Lc+2a)]] L
= === lc
Unlf. Load L.+2a]?} L
Carry-over Stiffness FEM. Kag = [1 +3 [CT] ] C
a Factors Factors Coef. X WL 27 7 L°
+
Cus Coa Kae Kea Mo Mg, Kea = [1 +3 ['L£T~] ] L
005 | 0496 | 0579 | 491 | 421 | 0.1002 | 0.0752 Cae = K7k ‘ ‘
0.10 | 0486 | 0657 | 600 | 4.44 [ 0.1175 | 0.0675 A8 T Ae
0.15 | 0471 | 0765 764 | 471 | 01352 | 0.0602 Coa = K'/Kps
0.20 0.452 0.875 9.60 5.00 0.1533 | 0.0533
0.25 0.428 1.000 12.44 5.33 0.1719 | 0.0468
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Table 5.1 Beam to Slab Ratio & (Edge Beams)
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Table 5.2 Beam to Slab Ratio & (Interior Beams)
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Table 5.3 Factor k, Shear-Moment Transfer, Interior Column
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Table 5.4 Factor k, or k,, Shear-Moment Transfer, Interior Column
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Table 5.6 Factor k;, Shear-Moment Transfer, Edge Column
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cz(when c2>/c|)mm
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c2(when c|>/c2) mm

Table 5.7 Factor k,, Shear-Moment Transfer, Edge Column
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cz(when c2>/c|) mm
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Table 5.9 Factor k, or k,, Shear-Moment Transfer, Corner Column
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Slabs

Area of Reinforcing Steel (A, mm?2)

Table 5.10

Per One Metre Strip

Bar Bar Size (No.)
Spacing

mm 10 15 20 25 30 35
50 2000 4000 6000 10000 14000 20000
80 1250 2500 3750 6250 8750 12500
100 1000 2000 3000 5000 7000 10000
120 833 1667 2500 4167 5833 8333
150 667 1333 2000 3333 4667 6667
180 556 1111 1667 2778 3889 5556
200 500 1000 1500 2500 3500 5000
220 455 909 1364 2273 3182 4545
240 417 833 1250 2083 2917 4167
250 400 800 1200 2000 2800 4000
260 385 769 1154 1923 2692 3846
280 357 714 1071 1786 2500 3571
300 333 667 1000 1667 2333 3333
320 313 625 938 1563 2188 3125
340 294 588 882 1471 2059 2941
360 278 556 833 1389 1944 2778
380 263 526 789 1316 1842 2632
400 250 500 750 1250 1750 2500
420 238 476 714 1190 1667 2381
440 227 455 682 1136 1591 2273
460 217 435 652 1087 1522 2174
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Table 7.10.1 Rectangular Columns with Equal Numbers of Bars on all Faces

30 |
I ¥ . 9
=6% k= . . .
P~ % k= 1110 ~ y=060 ° |5, ¢
pt=5%,k=987 \\ \ />\ L Ph.‘
! '
pe=4%, k = 865 4@/\ \\ fc=25MPa o
20 ! ™~ NN NN\
pt=3%, k=742 N g N\ N N
g = O O N NN
s pi=2%, k=620 N N\ NI\ AN AN
(m 15 | N /X\ \;\ \\ AN 05 \\>‘/\\
S Jetek=a97 SN NG O\
NN\ N\ N\ ST\ N AN
N N\ N L\ N AN AN
10 NN DT NN N NN
N AN AN AN AN
Elig = kbh3/(1+4) ‘<\ \\ \\ \ \\ AN N .
Elzo = 750 bh%/(1+B4) \- \ \. NSH=R0 1N
5 | f,=400 MPa / y /' /‘ } I"
¢s=085 / / / / J
¢.=0.65 / / / / /
0 Z Z / / / / /
0 1 2 3 4 5 6 7

M,/(Azh), MPa

Table 7.10.2 Rectangular Columns with Equal Numbers of Bars on all Faces

30 T
| \ . o o
p:=6%, k= 1375 N y=0.70 bI e e
| L
25
pt=5%, k=1208 A\
: i Lo° > f. =25 MPa LV*LJ
pe=4%, k=1042 gs\ﬁ*/\/ ~_ LN
20 ' = s
pt=3%, k=875 N AN N
© : ~ N AN N
a ! NN N N N
S pt=2%, k=708 N N N N N
<15 TN N\ N\ £ /fy=0 S ST N
S pe=1% k=542 | O N ™N - N
Q TN N ST | N\
XA N AN AN AN
N N DT N N
Elig = kbh3/(1+B4) N\ N\ N \\ N fs/fy=10 ]
El2o = 750 bh3/(1+04) \ﬁ \ \
5 | f,=400 MPa //’ y y ) \}
¢5 =0.85 ‘/ // / / / /
¢c=0.65 rd yd / / / /
0 d pd Z / /
0 1 2 3 4 5 6 7

M, /(A h), MPa
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Table 7.10.3 Rectangular Columns with Equal Numbers of Bars on all Faces
30 I <
pt=6%'k=|1681 ~C S v=0.80 b[ ‘. :
25 |, - ; 0D N
p: = 5%, k = 1463 \“/,/ A - us L"” .‘
| 5 I =
pe= 4%, k= 1246 /‘S/\ fe=25MPa |
p: = 3%, k=1028 N N ~_ |
: e TR T S
s pt=2%, k=810 P N N fo/fv= o
} pt=1%, k=593 \ N N S
N N\ SN—T N\ AN N\ AN
\‘ N N N\, AN N N\
10 N N N\ N _ N\
\ \ N fs/_fy =1.0
Elig = kbh3/(1+4) CONC N\ AN N\ N N
\— \ \ \ \
El2o = 750 bh3/(1+84) | | \ \ \
5> | £,=400 MPa /’ I) I‘ ) )
- / / / / / /
¢;=0.85 yd / / / / /
0 9206 Z Z Z
0 1 2 3 4 5 6 7 8
M, /(Azh), MPa
Table 7.10.4 Rectangular Columns with Equal Numbers of Bars on all Faces
30 T <
I * o9
pi = 6%, k=2028 />\ v=0.90 b[ . o
25 ' Ny -
pt=5%, k=. 1753 \r“” ~N
i 50 | fi=2smpa|Lr)
pi = 4%, k = 1477 ~_ h
20 I N / N
pt=3%, k=1202 }\‘ NG N
g ! \\ N I 5 S =
s pe=2%, k=926 _~ N N f;/fv‘o'
q:c» 15 | \‘\ \ \\\ \ \ \
S pe=1%, k=651 N N LT ~
N N
_—C N |
10 AN N\ N\ N fi/f=10 ]
N\ N\ N\ N ~ —<]
Elig = kbh3/(1+Bd) N\ \‘ ‘\ \ \
_ \ \ \ \
Elyo = 750 bh3/(1+4) | \ \ \
5 | f,=400 MPa / / / /l
- 0.85 / / / /
s J/ /| / /
¢c=0.65 o / / / / /
0 P Z Z Z Z
0 1 2 3 4 5 6 7 8

M,/(A,h), MPa
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30

25

20

P,/A, MPa
=
(%2
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30

25

20

P,/A, MPa
=
(%2}
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Table 7.10.5 Rectangular Columns with Equal Numbers of Bars on all Faces

pe=6%, k=1145 AN
t : \ \ b‘ - e »
pe="5% k =1023 ~o | O\ y=0.60 ce
| N ’03(/, =T -
= 4%, k = 901 g
2 : jK NGO O\ fi=30Mpa L':'o‘
Pt=3Aw,k=7i78 - N e N N ot >
pe=2%, k = 656 KU 0 N0 NN\
1 N > N\ AN \\ N AN
pr=1%, k =533 / \\ \\ N R 05)\()\
NN\ N AN N_—K AN AN
N N\ N\ A\, AN AN AN
N AN N\ N\ AN N AN
N\ N\ N\ AN N AN N\
SN \ AN N AN N
\ N\ N\ N\ N N
Elig = kbh3/(1+4) \ \ N\ \ \ fs/fy=1.0
Elao = 822 bh3/(1+.) / / ) ) \
B / / / / /
fy =400 MPa 7 7 7/ y VA
;= 0.85 pd pd / / / /| /
sT Y A pd / / / / /
¢C =0.65 // // / // // //
0 1 2 3 4 5 6 7
M,/(A,h), MPa
Table 7.10.6 Rectangular Columns with Equal Numbers of Bars on all Faces
- Pt = 6%, k =|1411 Fy
I L
| pe=5%, k=1244 \\ RN />\\ y=070 b t e
f A .
- pi = 4%, k= 1077 ~_| B . | f.=30Mmpa | yh"
B ! \\ /\ ‘ h
| pr=3%, k=911 - N
Pt E g \<
[ pi=2%, k=744 \\(/ N N \\
T N7 N\ N\ _05 — .
| pr=1%, k=577 )(\ N\ \\ fs/f " N
X N N\ . .
N\ N —T N\, AN
— N\ N\ AN
\\ N \\ \\ \\ N ]
\ \ AN \ NS0
Elys = kbh3/(1+B4) \ 3 \ - . \
Elyo = 822 bh3/(1+4) [l \\
fy =400 MPa // 7/ 7 }‘
-0.85 yd / / / / /
ST / // // //
=065 ~ / p o /
0 1 2 3 4 5 6 7

M, /(A h), MPa
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Table 7.10.7 Rectangular Columns with Equal Numbers of Bars on all Faces
30 T
Pt = 6%, k=1717 1 7\
! ~ N b |e o
P = 5%, k = 1499 Y N y=0.80 ..
25 i T S < -
=4%, k=1282 N
= | X NQ N f. =30 MPa L':‘—‘
ot = 3%, k:: 1064 < \\\ \\\ \\
20 j NS AN N
© pt=2%, k=846 TN N N A / 05 ~—T
: e N ST D
qm 15 pt=1%, k= 623\ \\ \\ N\ >\\ \\\ \\\ L
N
o~ ™\ N\ N\ AN N AN
N\, N N N
10 SO N N A0 N
\ AN LY X A\ \ \
Elyg = kbh3/(1+Bd) \\ \\ \\
Elzo =822 bh3/(1+Bd) / } } \)
> | f,=400 MPa 4 / 7 / / / ]
¢:=085 / S/ / / / /
¢.=0.65
0 / Z Z Z Z
0 1 2 3 4 5 6 7 8 9
M, /(A,h), MPa
Table 7.10.8 Rectangular Columns with Equal Numbers of Bars on all Faces
30 | P = 6%, k= 2064 \\L/
I 9 L
| p:=5%, k=1788 \\;“ © N y=0.90 b{ . . :
25 ! > ~C ——
| pi=4%, k=1513 PSS - vh
- | N ~_ fc=30MPa L ; .‘
| pr=3%, k=1237
20—t > AN
- pe=2%, k=962 ] \\ N N _05
© i D fs/fy
o — 7 N NG N TN N
E@ - Pt = 1%, k=686 \\ \\ \ N\ \ \\\
b N SE AN N AN ~
o NSO N N N S0 N
SN N N\ Y e
10 AN N\, AN \
\ \ \ \
El1g = kbh3/(1+4) \‘ \‘ \\ \\
Elao = 822 bh3/(1+4) / ) ) |
5 _ / / / /
f, =400 MPa 7 7/ ] ]
-0.85 / / / / / /
o 8 // // // // //
s o / / y,
0 1 2 3 4 5 6 7 8 9

M,/(A,h), MPa
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Table 7.10.9 Rectangular Columns with Equal Numbers of Bars on all Faces

30 T < <
| pe=5%, k=1056 N~ > L 2 —
T b . .
— 4% k= ™~ < N =0.60
25 - Pt = 4/), k _|934 \ \00 / 14 e . e 0
i 9 : ™S \\*////( \\ L vh J
7pt=3/3,k=l811 N ‘\e./\ N\ fé=35 MPa
! N NG B NG ILE
20 7Pt=2%,k=689 \ \ \
f N > N\ N N AN N
g [pzi% k=566 NN NN NN
= NN N N N\
15 N N\ N\ N — T\ N AN
N N\ N\ S\ AN AN N
a~ N\ N\ A N\ AN
N X N\ AN AN AN AN
‘( \\ N \\ \\ g
10 NN TN N N A4 10 O
Elig = kbh3/(1+34) l' l‘ ’| >
Elao = 887 bh3/(1+04) // // // Y, /
> | f,=400MPa yd 4 / / /] /
¢:=0.85 s / / / /
s et / / / / )4 /
$c=0.65 - d yd / / / /
0 z Z Z ) L Z
0 1 2 3 4 5 6 7
M, /(A,h), MPa
Table 7.10.10 Rectangular Columns with Equal Numbers of Bars on all Faces
30 T T
:pt=5%,k=1277 077} ~ Y e ee
} N //Q' ~ y= 0.70 b . .
,s [LPr=4%k :i1110 am W JEER
| pr=3%, k=944 N PN N f-=35MPa LP"_‘
I \ \\ ’ - h »
20 | p:=2%, k=777 N N N
f N N N N 5
o | pe=1%, k=610 OSC IN AN 5= )<
= XA N\ N N\ N N
> 15 N\ AN el ERAN N N
N N N\ N\ N
o~ N\ i N\, N\ N
NN TN N N0 |
10 N\ AN AN A fs\/fy N
Elyo = kbh3/(1+B) ) \
Eloo = 887 bh3/(1+4) / )
5 | f,= 400 mPa // // // / //
s P e pd / /
. =0.65 A A /
0 =z e Z Z Z
0 1 2 3 4 5 6 7

M, /(A h), MPa
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Table 7.10.11 Rectangular Columns with Equal Numbers of Bars on all Faces

30 B T w4
7pt=5%,k=1532 QQ')\ \ . e
i o TN N | y=0s0 b{ e
,s |Loim4% k=1314 87 TN N . oy leee
B ] T \\//\ \\ \\ L yh.‘
| pe=3%, k=1097 > N S N | f.=35MPa 5
B ! N N N\ N\ N
20 Le=2%k=879 | N1 N N\ 1
j QD ) (R G @A
© =19 k=661 T1ONC NG NG NN N
a i , N\ N N\ < |\ N\ N\
= N O N N NN
> 15 N N NN
< A Vet AN N NS
N N '\, N\ AN N\, AN N\,
N N\ N\ AN N £/6=20 | N\
AN \ \ N Y S
10 \ \\ \\ \\
Elis = kbh3/(1+4) J \\
Ely = 887 bh3/(1+f4) )
5 _ / / / /
fy =400 MPa / / / / / / /
- v / / / / / /
s =Y J/ / / / / /
o= 0.65 pe / / / / /
0 A i / / / /
0 1 2 3 4 5 6 7 8 9

M, /(A h), MPa

Table 7.10.12 Rectangular Columns with Equal Numbers of Bars on all Faces

30 — T S /\\
=5%, k= >/ LI
| o 5/,:k 1821 \’%*//0/\ ~_ o [0
| — A0, I = x"‘ / \ y= 0.90 LI
- pe=4%, k = 1546 N R
|
| pe=3%, k=1270 P N = vh
o ; //\ \\\ SN fc=35MPa L 5 .‘
50 |Lpr=2% k=995 7 ~ N N ©
— N N s/fy= 0. AN N
o | pe=1%, k=719 \\ \\ N\ ] \\
S N N N— N\ N AN
w0 15 AN Ne—T N\, . . A ~
< Ne—" N\ N\, N\ N\ S N
> N \\ ™N N fs/fy=10
a N N\ N . N\ N
N\ N\ b N\ N\ N\
10 \ \ \ \ \
\ \ \ \
Elio = kbh3/(1+4) l‘ ) ) \)
El,o = 887 bh3/(1+ﬁd) / I I / I
5 | f,=400MPa / / / / /
¢:=0.85 p ) / / /
. =0.65 pd /| /
0 Z L
0 1 2 3 4 5 6 7 8 9

M., /(Ag h), MPa
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Table 7.10.13 Rectangular Columns with Equal Numbers of Bars on all Faces

1
| pe = 6%, k=1209 P leee
— T _ b
| p:=5%, k=1087 N N v =0.60 ...
} 09 . v
SN o o]
— kl_gz \\ \s\,,\/ \\ \\ fc=40MPa
L pt=35N, : =84 \‘ << < < h
[ pi=2%, k=719 ~_ < NN\ X
e 1% k= 597 S]NUIN NN I
LA NN NS .05 T M
NGO N\ N N | T N
\\ \\ N o I\ AN
. \\ N N\ AN
™\, N\, AN, AN AN AN
N\ N AN AN ~
\ N\ N\ AN AN
\ \\ \\ \\ > 3 ’*&*
/f,=1.0
Elio = kbh3/(1+B4) \l \, \\ \\ \\ 1/ f\y \ \
El2o = 949 bh3/(1+04) /’ /’ /’ I,' /} /}
f,=400 MPa A/ / / / / /
~ 7 7 4 7 7 7 yi
¢s=0.85 e / / / / Y/ /
vd / / / /
¢.=0.65 P e S/ / / /
prd Z . 4 Z
0 1 2 3 4 5 6 7 8
M,/(A,h), MPa
Table 7.10.14 Rectangular Columns with Equal Numbers of Bars on all Faces
I NG
| e =6%, k=1474 Fle e
— T . = bl | .
_co ko y=0.70
_Pt—SA,I?—BOS \% 00}( e L I
| B |
*pt_4%’lf_ll41 ~ & S fe =40 MPa L"h—‘
L pe=3%, k=974 \\\/)\ \\ h
| pr=2%, k=808 \/}\\ N\ N ~C
— 1 \( \ \‘ \ I’ o 5 \>\
_pt=lﬁlk=641 N N \\ N fs/fy’/‘ N\
<4 N N N\ N N N\ N\
N\ N N AN h .
. N _—X AN . . N
N N\ h AN N\ N\
N N N AN
N NN N A0\
\ \ \ \ fs/fy = eV o
E|19 = kbhE/(1+Bd) ,l \ \\
Elyo = 949 bh3/(1+04) / \,
f,= 400 MPa v / / / / /
- 0.85 d 7 7 / 7 /
¢s=0. ) ) 4 J/ / /
_ -~ prd yd / pd /
¢c=0.65 o e d p e Z /
z z Z pd i Z
0 1 2 3 4 5 6 7 8

M,/(A,h), MPa
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Table 7.10.15 Rectangular Columns with Equal Numbers of Bars on all Faces
35 !
*pt=6%,k=1780 { . e
— T Q _ b . .
30 | pe=5%, k=1563 ™~ \,“//0’ P e y=0.80 IR
- e = 4%, k = 1345 5
- ~ [ <4 | rr-aompa L1,
25 | pr=3%, k=1127 h
o2 k=010 | O ONL O N DN
© [ T p. G =0.
— 10, — A N N N\ /fy
S 20 | pr=1% k=692 NN N < o < <
o N N — N\ N\ N N
< N\ AN N\ N N
~N N\ NN\ N\, N .
o 15 NL—\, N\, N\, N \\ N\
\ \\\ N\ AN £/6=10 N\
\ N\ N\ Y
X— N N\ \ \ \
10 | Elio = kbh3/(1+Ba) 1 ! \
Elzo = 949 bh3/(1+B4) / I) )
5 | fr=400mpa / / / / / /
.4 4
¢s=0.85 Pl / /
r ) /| / yd / /
$c=0.65 ~ e / / / /
0 Z ZzZ Z i
0 1 2 3 4 5 6 7 8 9
M, /(A;h), MPa
Table 7.10.16 Rectangular Columns with Equal Numbers of Bars on all Faces
35 T T
7pt:6%,k:2127 IQQ /}\ { . e 0
[ T AN = b b b
30 |- pe=5%, k=1852 ry,\"/* . y=0.90 JIEEE:
— = A9 i - \
7Pt—4/>,:k—1576 ‘(/\ N £, = 40 MPa Lyh.‘
25 |- pe=3%, k=1301 — < h
- pe=2%, k=1025 17 N
© - + N NG N /f :05 N N
2 20 |- pe=1%, k=750 N N NG s
= N > AN
< N N\ N\ N\
X N \\ N\
<& 15 \\ \\\ \\ £/ =10 ST
\\ \\ \\ N\ /=10 AN
N ~q N N\ N\ \
\ \ \ \ \ \
10 Elig = kbh3/(1+Bd) } \I \‘ \‘ \‘
Elyo = 949 bh3/(1+B4) / / / /’ /’
_ pd / / / / /
¢s=0.85 ) P4 / / / /
_ ~ prd pd / / /
¢.=0.65 gt )y P / /
O Zz ) pd yd
0 1 2 3 4 5 6 7 8 9

M,/(A,h), MPa
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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
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~ 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 \‘
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085 7 7 y / y4 /
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Table 7.10.19 Rectangular Columns with Equal Numbers of Bars on all Faces

35 T T I
— T . i Q jpad .« o o
| pe=5%, k = 1592 N AOS ~ bl oo
= I .| v=0.80 .
30 I pr=4%, k=1374 ~_ 7 e
! ‘\\//\ h
,pt:3%,k=1156 P N f2‘=45 MPa LI" J
s 1 N N ~ N h
Pt = 2%, k=938 N SN
= . /,‘/\ \\ \\ ENE .
o - pr=1%, k=721 N N fs/]c\’: . N\ AN
a 20 N\ N N N\ N\ N
E N, N N N NG AN N
- NG N\ AN . AN AN
< N N\ AN AN A AN
A \\/ N \\ AN A \3
e 15 \ \C N N NC fi/fy=10 —
\ N\ N N\ < Y
\ \\
10 | Elio = kbh3/(1+4)
Eloo = 1006 bh?/(1+B4) / / / / /
¢ | =400 ma '// // /// /// // //
¢s=0.85 7 >4 /
ad e yd yd A
¢c=0.65 _~ s / / / /
0 = z z pd pd
0 1 2 3 4 5 6 7 8 9

M,/(A,h), MPa

Table 7.10.20 Rectangular Columns with Equal Numbers of Bars on all Faces

35 ! —
b= 5% k = 1881 0~ e
I Pt =2, : = &SD{ ~_ y= 0.90 b{ . .
30 I~ pr=4%, k=1605 ~ \ N R
- pe=3%, k=1330 \\ ~_ fe=45MPa Lvh,‘
T N
25 | p,=2%, k= 1054 g ~ h
. ~ N SN\ _05
. - pe=1%, k=779 N N fulfy = e NG
£ 5o ~ ~ N ST N ~ ~
S N N N N\
N N
< NN\ NG NS N |
& 15 N\ N\ N\, N\ fi/fy=10 N
N AN AN N S
\ X \ A\
\ \
| \ \
10 | Elio = kbh3/(1+f4) / } )
Elyo = 1006 bh3/(1+4) = / // /l / /
5 fy=400 MPa / // // // /
¢.=0.85 / / / //
¢:=0.65 ) i J
0 ~ ) Z
0 1 2 3 4 5 6 7 8 9

M,/(A,h), MPa
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Table 7.11.1 Rectangular Columns with Bars on End Faces Only

30 |
I [ ] [ ]
,pt=s%,kl=1125 I ~_ y<0.50 { ..
25 |-
™ pr=5%, k =1000 <
' N 1 =25MPa | |/
| 0c=4% k=875 DA e : LTJ
20 |- ! ™~ )\ ZaN AN
[ pe=3%, k=750 _ IN_ )’ . A
I SO A G ) G )
o | L NG N\ Pl N N N\
S Pt=2%, k=625 "N N N AN N
<15 1 \_\ \)( . N \\ \\ \\
N LG 7 G B N I N NG ) A
o N\ Pa N N\ AN N\
N\ N\ i\ \ \
10 AN AW N\ N\ N\
to=koh 8 N\ |\ NN N
a ‘ \ \ \ \ \ \ \ \
El2o = 750 bh3/(1+B4) \ \ \\ \\ \\ \\ \
5 | #,=400 MPa -/ T >—F—— I\ SHh=10"\ |
$:=0.85 / / /- /
s =Y / /| / / / yd yd
b= 0.65 ARy yARRy dRRy AN Ny
0 < ZzZ Z Z pd pd
0 1 2 3 4 5 6 7 8
M, /(A h), MPa
Table 7.11.2 Rectangular Columns with Bars on End Faces Only
30 |
- I [ ] [ ]
| pe=6%, k= 1455 \\ Y =0.60 { o
25 i i I_ \ \ [ ] [ ]
" pe=5%, k=1275 ~
f o ™ f. =25MPa LV—hJ
| pe= 4%, k=1095 |§(//< h
20 | L S E\
™ pe=3%, k=915
o e I < EEERNE
a
s | pe=2%, k=735
<15 P B N NG ERN s X
S [ pe=1%, k =555 N U ~| F/r=02 = &
N\ N\ N\ N\ <
N N\ N\, N — N\
10 NN ST N ~
N\ 5N—"— N\ N\
Elio = kbh3/(1+84) ‘< \\ \\ \ \\ N )
Elso = 750 bh?/(1+64) \ N N N N S0 ]
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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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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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

Copyright © 2016 Cement Association of Canada
All rights reserved.

N

suwnjo) 1oys



7-40 Short Columns

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

All rights reserved.

|
| 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
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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

Copyright © 2016 Cement Association of Canada
All rights reserved.

N

suwnjo) 1oys



7-58

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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y=0.
- p = 6% k=857 \\
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- —— _\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 /
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¢ =0.65 _ L~ e Pt P i
= z ) pd pd 4
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Short Columns
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20
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P./h% MPa
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30
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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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Notes for tension Tables 12.5(A), (B) and (C)

NP — Not practical. Resulting edge distance, c,;, yields less than 20 mm cover.

1 Design strengths in table are for single cast-in anchors near one edge only. The values do not apply
where the distance between adjacent anchors is less than 3h,;, or where the perpendicular distance,
Cq2, to the edge distance being considered, ¢, is less than 1.5h,;.

2 In seismic regions where (/, F, S, (0.2) 2 0.35) and where the requirements of clause D.4.3.5.2 are
met, the design strengths in the table must be reduced by 25% in accordance with D.4.3.5.4. Designs
in accordance with D.4.3.5.3 (a) involve the consideration of nominal concrete breakout strengths and
probable steel anchor strengths, neither of which are reflected in Tables 12.5 (A), (B) or (C) and must be
calculated separately.

3 Fordesign purposes the tensile strength of the anchor steel, f,,,, must not exceed 1.9f,, or 860 MPa.

4 Design strengths in the table are based on resistance modification factor “R”, of Section D.5.3.
Factored tensile load Ny must be computed from the load combinations referenced in Clause 8.3.2.
Design strengths for concrete breakout, N,,, pullout, N, and sideface blowout, N, are based on
Condition B. Where supplementary reinforcement is provided to satisfy Condition A, design strengths
for N, and N, may be increased by the ratio of R.ongition a) / Ricondition 5 This increase does not apply

to pullout strength, N,,..

5 Design strengths for concrete breakout in tension, N,,, are based on N, determined in accordance
with Eq. (D-6) and apply to headed and hooked anchors. To determine the design strength of headed
bolts with embedment depth, h,, greater than 275 mm in accordance with Eq. (D-7), multiply the table
value by 3.9(hp/3)/[10(h /)]

6 Where analysis indicates that there will be no cracking at service load levels (f, < f,) in the region of
the anchor, the design strengths for concrete breakout in tension, N,,, may be increased 25%.

7 The design strengths for pullout in tension, N, for headed bolts with diameter, d,, less than 45 mm
are based on bolts with regular hex heads. The design strengths for 45 mm and 50 mm bolts are based
on heavy hex heads. For bolts with d, less that 45 mm having heads with a larger bearing area, A,
than assumed, the design strengths may be increased by multiplying by the bearing area of the larger
head and dividing by the bearing area of the regular hex head.

8  The design strengths for pullout in tension, N, for hooked bolts with hook-length, e,, between 3
and 4.5 times diameter, d,, may be determined by interpolation.

9 Where analysis indicates there will be no cracking at service load levels (f, < f,) in the region of the
anchor, the design strengths for pullout in tension, N,,, may be increased 40%.

10 The design strengths for side-face blowout in tension, N, are applicable to headed bolts only
and where edge distance, ¢, is less than 0.4h,. The values for 0.4h, are shown for interpolation
purposes only. The design strengths for bolts with diameter, d,, less than 45 mm are based on bolts
with regular hex heads. The design strengths for 45 mm and 50 mm bolts are based on bolts with
heavy hex heads. For bolts with d,, less than 45 mm having heads with a larger bearing area, A, than
assumed, the design strengths may be increased by multiplying by the square root of the quotient
resulting from dividing the bearing area of the larger head by the bearing area of the regular hex head

(\/Abrg(larg er) /Abrg(smaller) )
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Notes for shear Tables 12.6(A), (B) and (C)

NP — Not practical. Resulting edge distance, c,,, yields less than 20 mm cover.

als
1 Design strengths in table are for single cast-in anchors near one edge only. The values do not
apply where the distance to an edge measured perpendicular to ¢, is less than 1.5¢,;. See Note 9.

The values do not apply where the distance between adjacent anchors is less than 3c,;, where ¢, is the
distance from the center of the anchor to the edge in the direction of shear application.

2 Unlike the case for tension, in seismic regions where (/. F,S,(0.2) 2 0.35), the shear design strengths
in the table need not be reduced by 25% for shear breakout capacity.

3 Concrete pryout strength, V., is to be taken equal to the tension breakout strength, N, where
hesis less than 65 mm, and 2N, where his equal to or greater than 65 mm. Condition B (see D.5.3)
must be assumed even where supplementary reinforcement qualifying for Condition A is present.

4 Fordesign purposes the tensile strength of the anchor steel, f,,, must not exceed 1.9f,, or 860 MPa.

ta’
5  Design strengthsin table 12.6 are based on resistance modification factor of Section D.5.3. Factored
shearload V; must be computed from the load combinations referenced in Clause 8.3.2. Design strengths
for concrete breakout, V,,,, are based on Condition B. Where supplementary reinforcement is provided
to satisfy Condition A, this design strength may be increased by the ratio of R c,ngition )/ R(condition 8)- THis
does not apply to pryout capacities, for which condition “B” is always assumed.

6 Where analysis indicates that there will be no cracking at service load levels (f, < f,) in the region of
the anchor, the design strengths for concrete breakout in shear, V,,,, may be increased 40%.

7 Inregions of members where analysis indicates cracking at service level loads, the strengths in the
table for concrete breakout, V,,,, may be increased in accordance with the factors in D.7.2.7 if edge
reinforcement is provided in accordance with that section.

8  The design strengths for concrete breakout, V,,, are based on the shear load being applied
perpendicular to the edge. If the load is applied parallel to the edge, the strengths may be increased
100%.

9  Where the anchor is located near a corner with an edge distance perpendicular to direction of
shear, c,,, less than 1.5¢,,, design strengths for concrete breakout, V,,, shall be reduced by multiplying
by modification factor, vy, determined from Eq. (D.41). The calculated values in the table do not
apply where two edge distances perpendicular to direction of shear, c,,, are less than 1.5c,,. See
D.7.2.4.

a2’

10 This value of thickness, h, is not practical since the head or hook would project below the bottom
surface of the concrete. It was chosen to facilitate mental calculation of the actual edge distance, ¢
since the variable used in the calculation of ¢, is a function of embedment depth, h,;.

als

11 Linearinterpolation forintermediate values of edge distance, c,, is permissible. Linear interpolation
for intermediate values of embedment depth, hef, is unconservative.

12 For 20 mm cover and for c,; = 0.25h, and 0.50h,, see portion of table for h = h,.

13 For 20 mm cover and for ¢, = 0.25h, and 0.50h,, see portion of table for h = h,. Forc,; = h,,
see portion of table for h = 1.5h,.
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