








VOL Ill Design Aids

BRIDGE PLANNING AND DESIGN MANUAL

5-10

Febryary 1968

RESISTING MOMENTS OF BEAMS AND SLABS

FOR

BALANCED DESIGN AND COMPRESSIVE REINFORCEMENT

NOTATION

fo = 1,300 fs = 24,000 psi
n = 10 for tensile reinforcement
n = 20 for compressive reinforcement

Mt = Total moment produced by external loads (ft-kips)
M = Resisting moment for balanced design (ft-kips)

's = Resisting moment of compressive reinforcement

Ag = Area of tensile reinforcement for balanced
design (sq in)

A's = Area of compressive reinforcement for
balanced design {sq in)

d = Effective depth of beam {inches)

d’= Embedment to center of gravity of compressive
stee} (inches)

]

(4]

(ft-kips) b =width of girder (feet)
DESIGN CONSTANTS
3= 0.8B83 k = 0.351 K= 202 e=1.77
EXAMPLE I EXAMPLE 11
Required: Required: ) )
Tensile and compressive reinforcement Width of beam and tensile reinforcement
Given: Given:
A rectengular beam A rectangular beam
d = 40" dr= 2% b = 1.5 M; =600 ft-kips d= 40", d'= 2", M,=600 fi-kips, A'g =3.12 sq in
Solution: Solution:
M for b of 17, d pf 40" = 323 ft-kips (from Table 5-11) M’s for d of 40, d* of 2% = 67 ft-kips per sq in (from
Table 5-12)

M for b of 1.5/ = 1.5 x 323 = 484 ft-kips

M that must be provided by compressive reinforcement=
600+484=116 ft-kips

M* for d of 40", d* of 2'' = §7 {t-kips per sq in (from
Table 5-12,

116
A’ ired = = 1.73 sq in
s requir o7 q
Ag for b of 1*, d of 40" = 4.57 sq in {from Table 5-11)
600

Ag required = 353" x 4.57 = 8,50 sqin

M’; for 3.12 sq in = 3.12 x 67 = 209 ft-kips
M that must be provided by concrele=600-209=391 f{t-kips

M for b of 1/, d of 407= 3.23 ft=kips {from Table 5-11)

T-BEAM VALUES
EXAMPLE I

Required:
Tensile and Compressive Reinforcement

Given: A T-Beam |

d=40" b= 12" b' = 66" t = 55" M= 600ftk

Solution:
M for b = 12", d = 40" = 3231tk (from Table 5-11)
M for b = 12", d = 40 = 715f"k (from Table 5-10.1)
M for b' = 66, d = 40 = (66/12)x215 = 1183ft-k
M for T-Beam = 323ft-k 4 1183ftk = 1506ft-k

Since 1506 “‘k, > 600""‘, no compressive reinforcement
required.

Ag for b= 12, d = 40 = 4.570" (from Table 5-12)

Ag for T-Beam = (600/323) x 4.57 = 8.500"

301
Width of beam :E‘ = L.21 ft. say 1ft3in
A g for beam 1' wide, d of 40" = 4.57 sq in (from Table
A ired 4.57 = B.50 sq i -1
s required = 323 x 4.57 = B.50 sq in
¥
| - !h b 1 ll’- bl q
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RESISTING MOMENTS FOR FI{_ANGES OF BOX GIRDERS AND T-BEAMS (Foot-Kips)

fe= 1,300 psi

Flange Width= (2"

DEPTH FLANGE THICKNESS
linches) | .. 6" 6%’ 7 g 8l 9 oYy’ 07 0% 11 ng 127
72 442 475 507 539 569 598 625 652 678 703 727 750 772 | 793
74 456 91 524 557 588 618 647 675 703 729 754 778 801 823
76 470 506 541 575 607 639 669 699 727 754 781 806 830 | 854
78 485 522 558 593 627 659 691 722 751 780 807 834 860 | 884
80 499 537 575 61 646 680 713 745 776 805 834 | 862 889 | 915
82 513 553 591 629 665 700 735 768 800 831 861 890 918 | 945
84 527 568 608 647 685 721 757 791 824 857 888 918 948 | 976
86 542 584 625 665 704 742 778 814 849 882 915 946 977 | 1006
88 556 599 642 683 723 762 | 800 837 873 908 942 975 | 1006 | 1037
90 570 615 659 701 743 783 822 860 898 934 969 | 1003 | 1036 | 1068
92 84 | 630 675 719 762 804 844 884 922 959 996 | 1031 | 1065 | 1098
94 599 646 692 737 781 824 866 907 947 985 | 1023 | 1059 | 1095 | 1129
9 613 662 709 756 801 845 888 930 971 | 1011 | 1045 | 1087 | 1124 | 1156
98 627 677 726 774 820 866 910 953 995 | 1037 | 1077 s | nsa | s
100 641 693 743 792 834 886 932 976 | 1020 | 1062 | 1104 144 | nsz |12
102 656 708 760 810 859 907 954 | 1000 | 1044 | 1088 | 13 172 | 1213 | 1252
104 670 724 776 828 879 928 976 | 1023 | 1069 | 1114 | 1158 1200 | 1242 | 1283
106 684 739 793 846 898 948 998 | 1046 | 1093 | 1140 | 1185 1229 | 1272 | 134
108 698 755 810 864 917 969 | 1020 | r069 | s | 165 | 1202 1257 | 1301 | 1345
110 713 770 827 882 937 990 | 1042 | 1093 | na2 | nor | 1239 1285 | 1331 | 1375
12 727 786 844 900 95 | 1010 | 1064 | 1ms | ner | 1217 | 1266 1314 | 1361 | 1406
114 741 802 861 919 975 | w3t | 1086 | 130 | 192 | 1243 | 1293 1342 | 1390 | 1437
116 756 817 877 937 995 | 1052 | 1108 | 1162 | 1216 | 1269 | 1320 1370 | 1420 | 1468
118 770 833 894 955 | 1014 | 1073 | 130 | nss | w241 | 1294 | 1347 1399 | 1449 | 1499
120 784 848 911 973 | 1034 | 1093 | ns2 | two9 | 1265 | 1320 | 1374 1427 | 1479 | 1530
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TABLE OF UNIT VALUES

EFFECTIVE
DEPTH M Ag Values of M'g (ft. - kips per sq. in.)
4 (ft - kips per ft. for given values of &

{inches) per ft.) 1 2n A4 3~ 4" 5
6 7 0.69 2.7

7 10 0.80 4.4 1.9

8 13 0.91 6.2 3.6

9 16 1.03 8.1 5.3 2.8

10 20 R Y] 10.0 7.1 4.4 2.1

11 24 1.26 12.0 8.9 6.2 3.7

12 29 1.37 13.9 10.8 8.0 5.3

13 34 1.48 15.9 12.7 9.8 7.1 2.3

14 40 1.60 17.9 14.7 11.6 8.8 3.8

15 45 1.71 19.9 16.6 13.5 10.6 5.5

16 52 1.83 21.9 18.6 15.4 12.5 7.1 2.5
17 58 1.94 23.9 20.5 17.3 14.3 8.8 4.0
18 65 2.06 25.9 22.5 19.3 16.2 10.6 5.6
19 73 217 27.9 24.5 21.2 18.1 12.4 to7.2
20 81 2.28 20.9 26.5 23.2 20.0 14.2 8.9
21 89 2.40 32.0 285 - 25.2 22.0 16.0 10.6
22 98 2.51 34.0 30.5 27.2 23.9 17.9 12.4
23 107 2.63 36.0 325 29.1 25.9 19.7 14.1
24 116 2.74 38.1 34.5 311 27.8 21.6 15.9
26 136 2.97 42,1 38.6 351 31.8 25.5 19.6
28 158 3.20 46.2 42.6 39.1 35.8 29.3 23.3
30 181 3.43 50.3 46.7 43.2 39.8 33.2 27.0
32 206 3.65 54.4 50.8 47.2 43.8 37.1 30.9
34 233 3.88 58.5 55.0 51.3 47.8 41.1 34.7
36 261 4.11 62.6 59.9 55.3 52.0 45.0 38.6
38 291 4.34 67.0 63.0 59,3 55.8 49.0 42.5
40 323 4.57 70.8 67.1 63.5 59.9 53.0 46.4
42 356 4.80 74.9 71.2 67.5 63.9 57.0 50.3
44 390 5.02 78.9 75.3 716 68.0 61.0 54.3
46 427 5.25 83.1 79.4 75.7 72.1 65.0 58.3
48 465 5.48 87.2 83.4 79.8 76. 1 69.1 62.3
50 504 5.71 91.3 87.5 83.9 80.2 73.1 66.3
52 545 5.94 95.4 91.6 87.9 84.3 77.2 70.3
54 588 6.17 90.5 95.7 92.0 88. 4 81.2 74.3




YOL lI Design Aids BRIDGE PLANNING AND DESIGN MANUAL Morch 1968 5.12

TABLE OF UNIT VALUES

EFFECTIVE

DEPTH M As Values of M.’s (It. -kips per sq. in.)
d (ft. -kips per It. for given values of d'

{inches) per ft.) | 3 2 24" 3 4" 5
56 632 6.39 103. 5 99.8 96.1 €25 85.3 78.3
58 678 6.62 107.3 103.9 100. 2 96 5 89.3 B82.3
60 726 6.85 111.1 108. 1 104.3 100.6 93 4 B6. 4
62 775 7.08 114.9 112.2 108. 4 104.7 g7.5 90.4
64 826 7.31 118.7 116.3 112.5 108.8 i01.5 94 4
66 878 7.54 122.5 120.4 116.6 112.9 105.6 98.5
68 932 7.76 126.2 k 124.5 120.7 117.0 109.7 102.5
70 588 7.99 130.0 128.6 124.8 1211 113.8 106.6
72 1045 8.22 133.8 132.7 128.9 125.2 117.8 110.6
74 1104 8. 45 137.6 136.8 133.0 129.3 121.9 114.7
76 1165 B.68 341.4 140.6 137.1 133.4 126.0 118.8
78 1227 B.01 145.2 144.4 141.2 137.5 130. % 122.8
BO 1290 9.14 148.9 1481 145.3 141.6 134.2 126.9
B2 1356 9.36 152.7 151.9 149.4 145.7 138.3 131.0
84 1423 5.59 156.5 155.7 153.5 149.8 142.3 135.1
86 1491 9.82 160. 3 159.5 157.6 153.9 146.4 139. 1
88 1561 10.05 164. 1 163.3 161.8 158.0 150.5 143.2
90 1633 10.28 167.9 167.1 165.9 162.1 154.6 147.3
92 1707 10.51 171.7 170.8 170.0 166.2 158.7 151.4
94 1782 10.73 175.4 174.6 173.8 170.3 162.8 155.5
96 1858 10.96 179.2 178.4 177.6 174.4 166.9 159.4
98 1936 11.19 183.0 182 2 181.4 178.5 171.0 163.6
100 2016 11.42 186.8 186.0 185.2 182.6 175.1 167.7
102 2098 11.65 190.6 189.8 189.0 186.7 179. 2 171.8
104 2181 11.88 194.3 193.5 192.8 190.8 183.3 175.9
106 2266 12. 10 198. 1 197.3 196. 5 194.9 187.4 180.0
108 2352 12.33 201.9 2011 200.3 199.0 191.5 184. 1
110 2440 12.56 205.7 204.9 204.1 203.1 195.6 188. 2
112 2529 12.79 209.5 208.7 207.9 207.1 199.7 192.3
114 2620 13.02 213.3 2125 2107 210.9 203.8 1964
116 2713 13.25 217.0 216.3 215.5 214.7 207.9 200.4
118 2808 13.47 220.8 220.0 219.2 218 4 2120 204. 5
120 2903 13.70 224.6 223.8 223.0 222.2 216.1 208. 0
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Moments of Inertia For T-Beams

Given below are three tables showing moments of

inertia for reinforced concrete T-beams to be used in

determining the elastic qualities of members for struc-

tural design purposes. f— !

| -
T[T
h CG Axis
| = Moment of inertia about the C.G. axis
I
| =112 bk C b
VALUESOF C
t’h b' /b t/h
10 12 14 16 18 .20 22 .24 .26 .28 .30

.05 .184 207 230 .250 277 .290 310 328 347 366 .385 .05
.06 193 217 .240 .262 282 .303 322 342 2360 379 .398 .06
07 201 226 249 272 .294 314 334 353 372 391 410 07
.08 .207 233 .258 .281 302 .324 344 363 .383 402 420 .08
.09 212 240 .264 .288 310 332 .354 373 392 412 430 .09
10 216 .245 .270 295 318 340 .361 .380 401 420 439 .10
1 219 .249 275 .300 324 346 | 368 .389 .408 428 447 J1
A2 222 .252 .280 305 329 352 374 395 416 434 454 A2
3 224 .255 .283 309 333 357 379 401 421 441 462 A3
14 226 257 286 313 337 361 384 406 427 447 466 14
A5 .228 .259 .289 316 343 365 .388 .410 432 452 471 15
16 229 .260 .290 318 344 368 392 414 436 .456 476 16
A7 229 .262 292 .320 347 3N 395 .418 440 460 .480 7
.18 230 262 .293 a2 .348 374 .398 420 442 463 .483 18
19 .23 264 294 323 350 375 400 423 444 466 486 A9
20 .23 264 295 .324 .357% 377 401 425 447 .468 489 .20
21 2N .264 296 325 353 378 403 427 449 470 AN 21
.22 231 264 296 325 .354 379 .404 428 45 472 493 .22
.23 .23 265 296 .326 354 .380 405 429 452 474 495 .23
il 231 .265 296 326 .354 .381 406 430 453 475 496 .24
.25 231 265 296 326 354 381 406 .430 453 476 497 25
.26 .23 .265 .296 326 355 .38 407 43 454 A77 .498 26
.27 231 .265 296 326 355 .382 .407 431 454 478 499 27
.28 .23 265 296 326 355 .382 .408 432 455 478 .499 28
.29 .231 265 296 326 .355 .382 .408 432 455 479 .500 29
.30 232 265 296 326 355 .382 .408 432 456 479 .500 .30
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T-BEAM MOMENT OF INERTIA
VALUESOF C FOR I =1/12 bh3 {(C)
th b'/b t ' h
.30 .32 .34 .36 .38 40 42 44 .46 .48 .50
05 .385 403 422 440 .457 475 494 SN .529 547 563 .05
.06 .398 415 .434 452 470 487 505 .524 .540 .558 574 .06
07 410 .428 446 463 .481 499 518 534 .550 .568 .585 07
.08 420 438 456 473 491 .509 526 544 561 577 .594 .08
.09 430 .448 466 484 500 518 536 .553 .570 .586 603 .09
.10 439 457 A75 492 .508 528 544 561 578 595 A1 .10
N 447 466 483 .500 518 .535 .552 569 .585 602 618 1
12 454 A73 490 .508 526 543 560 576 592 609 625 12
A3 462 479 498 515 532 549 .566 .583 599 615 631 A3
4 466 484 502 52 539 .555 572 589 .605 620 637 14
A5 A7 .489 .508 .526 544 562 578 595 612 626 643 15
16 476 495 513 532 .548 .566 .583 602 616 632 .648 16
A7 .480 499 .518 536 554 .570 .587 .604 .620 637 653 A7
18 483 502 SN 540 557 575 592 .608 .624 642 556 .18
A9 486 506 525 544 561 579 596 613 629 645 660 A9
.20 .489 .509 528 .547 565 582 600 616 632 5649 664 20
21 4N 51N 531 .550 568 .585 603 619 635 652 667 2
.22 493 513 533 552 570 .588 605 622 638 654 670 .22
.23 495 515 .535 .554 572 .590 .607 624 641 657 672 .23
.24 496 517 ..536 556 574 592 609 626 643 659 675 .24
25 | .497 518 .538 .557 576 594 61 .628 .645 661 677 .25
.26 498 519 539 .558 577 595 612 63 .646 662 678 .26
27 | .499 520 540 559 579 596 614 632 647 664 679 .27
.28 499 520 S5a .560 .580 597 615 632 .648 665 .680 .28
.29 | .500 S 542 561 .581 .598 616 633 650 666 .682 .29
.30 500 S 543 562 .581 599 616 634 651 667 .683 .30
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T-BEAM MOMENT OF INERTIA
VALUES OF C FOR | - 1 /12 bk? (C)
1/ h bt/ b t/h
10 20 30 40 50 60 70 80 | 90 1.00
05 | 184 | 290 | 385 | 475 | 563 | 653 | 740 | 826 | 913 | 100 | 05
06 [ 193 | 303 | 398 | 487 | 574 | 661 | 748 | 831 | 914 | 100 | .06
07 | 200 | 314 | 410 | 499 | 585 | 670 | 755 | 83 | 914 | 100 | 07
08 | 207 | 324 | 420 | 509 594 | 677 | 760 | 840 | 918 | 100 | 08
09 | 212 | 332 | 430 | 518 603 | 684 | 765 | 843 | 921 | 100 | 09
20 | 216 | 340 | 439 | s | 61t | 691 | 770 | 847 | 924 | 100 | 10
| 219 | 346 | 447 | 535 | 618 | 698 | 775 | 85 | 92 | 100 | m
92 | 222 | 352 | 454 | 543 | 625 | 704 | 780 | 852 | 928 | 100 | 12
3 | 224 | 357 | 462 | 549 | 63 | 709 | 784 | 856 | 929 | 100 | 13
A4 | 226 | 361 | 466 | 555 637 | 715 | 789 | 89 | 931 | 100 | 14
15 | 228 | 365 | 47y | 562 | 643 | 720 | 793 | 863 | 932 | 100 | 15
16 | 229 368 | 476 | 566 648 | 724 | 797 | 866 | 934 | 100 | 16
A7 | 229 | 371 | 480 | 570 | 653 | 728 | 800 | 868 | 935 | 100 | 17
18 | 230 | 374 | 483 | 575 656 | 732 | 803 | 870 | 93 | 100 | 18
9 | 231 | 375 | 486 | 579 660 | 736 | 806 | 873 | 937 | 100 | 19
20 | 231 | 377 | 489 | 582 | e6a | 739 | 809 | 875 | 93 | 100 | 20
21 | a3 | ars | a9t | ses | es7 | 742 | 81 | 877 | 939 | 100 | 2
22 | 231 | 379 | 493 | s88 | 670 | 744 | 813 | 878 | 940 | 100 | 22
23 | 380 | 495 | 59 672 | 747 | 815 | 880 | 941 | 100 | 23
24 | 381 | 496 | 592 | 675 | 749 | 818 | 881 | 942 | 100 | 20
25 | 231 | 381 | 497 | 594 | 677 | 751 | 820 | 882 | 943 | 100 | 25
26 | 231 | 381 | 498 | s95 | s78 | 753 | 821 | 883 | 944 | 100 | 26
27 | 231 | 382 | 499 | 596 | 679 | 754 | 822 | 884 | 944 | 100 | 27
28 | 231 | 382 | 499 | 597 | s80 | 756 | 823 | 886 | 945 | r00 | 28
29 | 231 | 382 | s00 | s98 | 682 | 757 | 824 | 887 | 945 | 100 | 29
30 | 232 | 382 | 500 | .599 683 | 758 | 826 | 888 | 946 | 100 | 30
31 | 232 | 382 | 501 | 599 | 684 | 759 | 826 | 888 | 946 | 100 | }
32 | 233 | 382 | 500 | 599 684 | 759 | 827 | 889 | 946 | 100 | 32
33 | 234 | 382 ] 500 | 600 | 685 | 760 | 827 | 889 | 946 | 100 | 33
34 | 234 | 382 | s01 | s00 | 685 | 760 | 828 | 890 | 947 | 1.00 | .34
35 | 235 | 382 | 501 | 600 | 86 | 761 | 829 | 890 | 947 | 100 | 35
36 | 236 | 383 | s01 | 600 | 686 | 761 | 82 | 890 | 947 | 100 | 36
37 | 238 383 | 501 | 600 | 68 | 761 | 829 | 891 ! 947 | 100 | 37
38 | 239 | 383 | 502 | 600 | 86 | 762 | 829 | 8 | 947 | 100 | 38
39 | 241 | 384 | 502 | 600 | 686 | 762 | B0 | 8% 948 | 100 | 39
40 | 242 | 384 | 503 | 600 | 686 | 762 | 830 | 81 | 948 | 100 | 40
a1 | 25 | 385 | s03 | e0n 686 | 762 | 830 | 891 | 9a8 | 100 | a4
42 | 247 | 386 | s03 | 60 686 | 762 | 830 | 891 | 948 | 100 | 42
43 | 250 | 387 | 503 | 601 | 68 | 762 | 830 | 892 | 948 | 100 | 43
44 | 252 | 388 | 503 | 601 686 | 762 | 830 | 892 | 948 | 100 | 44
45 | 255 | 390 | 503 | 601 | 686 | 762 | 830 | 892 | 948 | 100 | .45
46 | 259 | 392 | 504 | 602 | 687 | 762 | 830 | 892 | 948 | 100 | 46
47 1 262 | 394 | 505 | 602 | 687 | 762 | 830 | 892 | 948 | 100 | .47
48 § 266 | 396 | 507 | 603 | 687 | 762 | 830 | 892 | 948 | 100 | 48
49 | 270 | 398 | 508 | 603 | 87 | 762 | 83 | 892 | 948 | 100 | .49
50 | 274 | 400 | 509 | 604 688 | 762 | 830 | 892 | 948 | 100 | .50
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Shear Magnification Example No. 2
Prestressed Concrete Box Girder. Simple/Continuous 150’ span.

" = 4000 psi Structure Depth = 6' Face of abutment @ 1.5' along girder from
Skew = 30° 7 girders centerline abutment.

Skew factors @ centerline abutment from Chart No. 1:

Obtuse corner, exterior girder =1.60
Obtuse corner, first interior girder = 1.10
Acute corner, exterior girder: No adjustiment suggested

Design: (Exterior girder)

Centerline

Abutment 0.1 0.2 0.3 0.4 05
Skew Factor 1.60 1.48 1.36 1.24 1.12 1.00
Calculated Vu* 3632 2675 1904 1166 494 1212
Calculated V c* 2780 2637 1313 659 527 811
A, required** 1.82 0.87 0.77 0.47 minimum 0.27
b’ required™®** 18.0 8.6 7.7 4.6 —_ 26

* From BDS output or other method.

V'Ll
(Skew Fac""r)[ﬁ) ~ Ve (Skew Factor)(L11)(V,) -V,
60(d)(No. of girders) ~ 48(D)(No. of girders)

where d = (0.8)(D) and @ = 0.90

** A, =(in/ft)=

See Chart No. 3 for selecting size and spacing of stirrups.

**4Min b’ = 6234, (or from attached Chart 2)

VE

where the expression for b is derived from the following expressions:
Af d

V, = —— and maximum V, = 8,/f/ b’d (BDS Article 9.20.3.1)
S

5-35
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