Concrete Design Handbook — 4th Edition

CHAPTER 1: 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
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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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