6.5-1

5. Structural Steel

5.1 Use and Exposure, Structural steel is not used extensively
in the work of the Soil Conservation Service, and hence this discussion
is general and brief. Structural shapes have limited use in the con-
struction of (1) small I-beam bridges, (2) light trusses for supporting
irrigation flumes and pipes, (3) interlocking sheet steel piling drop
spillways, (h) bents for supporting flumes, pipes, and suspension span
cables, (5) trash racks, (6) drainage, irrigation, and flood control
gates, and (7) other structural accessories such as ladders, foot bridges,
ete.

Such varied use provides wide differences in exposure conditions
and probsble corrosion hazard. In most cases the steel will be unpro-
tected from the natural forces of wind, rain, sleet, snow, etc.; and in
some cases it will be in direct contact with the earth and subject to
alternate wet and dry conditioms.

5.2 Design. The latest edition of the "Standard Specifications
for Highway Bridges" adopted by The American Association of State Highway
Officials should be used as the basic reference for unit stresses and
design criteria insofar as they are applicable to the problem under study.
Section 4, page 14l of the fifth edition (1949) of the above reference
presents allowsble unit stresses and Section 6, page 166, presents design
criteria. These unit stresses should be used where exposure conditions
are comparable to those normally encountered in highway bridges. For
more severe exposure conditions it i1s recommended that the basic allow-
able unit stresses be reduced 10 percent.

The principles, procedure, and formulas required in the design of the
relatively simple structures encountered in our work are readily available
in many texts and handbooks, and it seems unnecessary to duplicate them
here.






STRUCTURAL DESIGN:

STRUCTURAL TIMBER, UNIT WORKING STRESSES OF VARIOUS
SPECIES FOR DIFFERENT EXPOSURE CONDITIONS

BENDING AND SHEARING STRESSES, IN POUND3 PER SQUARE INCH

Transverse Bending Stresscs Horizontal
All Sizes Thickness, 5" and Qver Thickness, 4'‘ and Under Shearing Stress
Species of Timber Continuously || Occasionally Usually Occasionally Usuaily Dry or Wet
Dry Wet Wet Wet Vet
Select | Common [| Select |Common | SelectiComnon || Select [Common | Select | Common jiSe lect Conmon
ash, White, commercial............ 1400 | 1120 |j1200 960 | L00C | 800 | 1070 | 210 890 760 125 100
Beech and Bireh, Yellow......... .+|1500 | 1200 [|1300 | 1040 | 1000 | 800 || 1150 | 980 890 760 125 100
Cadatr, Port Orford and Alaska..... 1100 830 [{1000 800 | 90C ] 720 890 | 760 800 680 90 72
Cedar, Western Red.....cvevvnnnras 300 720 § 800 640 | 750 | 600 710 | 600 670 570 80 64
Cedar, Northern and Southern White| 750 600 || 650 520 | 600 | 480 580 1 490 530 450 70 56
ChESTIUL e et enianroreernrcanesns 950 760 || 850 680 | 700 [ 560 760 | 650 620 530 90 72
Cypress, Southern ... 11300 | 1040 (1100 880 | 900 | 720 980 | 830 800 680 100 80
Douglas Fir, Coast Region.........|1600 | 1200 §1385 | 1040 ] 1065 | 800 || 1235 | 985 950 755 20 72
Douglas Fir, Coast Region,Dense...|1750 | 1400 {1515 | 1215 | 1165 | 935 | 1350 | 1150 | 1035 880 105 84
Douglas Fir, Rocky Mountain....... 1100 880 | 800 720 | 700 | 560 800 | 680 620 530 85 68
Fir, White, commercial 1100 880 [ 900 720 | 800 640 800 | 680 710 800 70 56
Fir, Balsam.......... .. . 200 720 | 780 600 | 600 | 480 670 | 570 530 450 70 56
Hemlock, Western........ ..|1300 1 1040 [ 1100 880 | 900 | 720 980 | 830 800 680 75 60
Hemloclk, Bastern..vevsrer-nenren., 1100 880 [ 900 720 | 800 | 540 800 [ 680 710 800 70 58
Hickory,  veceoioninir o niannnn 1900 | 1520 [1500 | 1200 | 1200 | 960 | 1330 | 1130 [ 1070 910 140 112
Larch, WoSTETM..vcervervarvoranann 1200 960 [ 1100 880 900 | 720 980 | 830 800 680 100 80
Maple, Sugar and Black............ 1500 | 120C [I11300 | 1040 [ 1000 | 800 || 1150 | 980 880 760 125 100
Maple, Red and Silver....,........| 1000 800 || 900 720 700} 9560 800 | 680 8620 530 100 a0
Oak, Red and White, commercial....|i400 | 1120 #1200 960 | 1000 | a0o | 1070 | 910 830 760 125 100
Pine, Southern Yellow...isvsvevavos]|renn 1200 (... 1040 | ..., 800 ..-. 985 755 as
Pine, Southern Yesllow,Dense..... .+| 1750 | 1400 (1515 | 1215 | 1165} 935 || 1350 | 1145 } 1035 880 128 103
Pine, White, Yellow,Sugar, Ponderosa| 900 720 |} 800 640 750 800 710 | 600 670 570 a5 68
Pine, NOTWaY..utituronneresn e 1100 880 || 1000 800 | 800 | B840 830 | 760 710 600 a5 68
Poplar, Yellow...seeeeurneraunannan 1000 800 | 300 720 | 800 | 640 800 | 680 710 800 a0 64
RedwWood..ciririarenrannnaens .| 1200 960 {1000 800 800 840 890 760 710 600 70 56
Spruce, Red, White and Sitka 1100 880 || 900 720 | 800 | 640 a00 | 680 710 800 85 68
Spruce, EngelMann....oeeeeeaccseas 750 600 650 520 500 | 2400 580 | 490 440 370 70 56
TAMATACK . e v s tevivoennensnaransanns 1200 960 || 1100 880 | 900 | 730 980 | 830 800 680 95 76

COMPRESSIVE STRESSES AND ELASTIC MODULI, IN POUNDS PER SQUARE INCH

Compressive Stresses Average
Perpendicular te Grain Parallel with Grain Modulus
Species of Timber Contin-| Occa- Usu= H cont inuoun Ly Occasionally Usually ' of
uously | sionally ally Dry Wet Wet Elasticity
Dry Wet Vet

Select or Common Select | Common | Select|Common | Select | Common All Classes

Ash, White, cormmercial................ 200 375 " 300 {| 1100 880 1000 | 800 300 720 1, 500, 000
Beech and Birch, Yellow.... 500 375 300 1200 9680 | 1100 880 900 730 1,600,000
Cedar, Alaska......... e 250 200 150 800 640 750 600 650 520 1,200,000
Cedar, Port Orford.. - e 250 200 150 200 720 825 660 750 600 1,200,000
Cedar, Western Red.......viveivenenera 200 150 125 700 560 700 560 630 820 1,000, 000
Cedar, Northern and Southern White.... 175 140 100 9550 440 500 | 400 450 360 800,000
Chestnut.......... l .................... 300 200 150 800 640 700 560 600 480 1,000,000
Cypress, Southern.......... . 300 225 200 || 1100 880 | 1000 | 800 800 640 1,200,000
Douglag Fir, Coast Region.. 345 240 215 1175 880 1065 800 905 680 , || ' 1,600,000
Douglas Fir, Coast Region, pense 380 260 235 || 1285 | 1025 1165 | 935 390 795 1,600,000
Douglas Fir, Rocky Mountain........... 275 225 200 a0¢ 640 800 640 700 560 1,200,000
Pir, White, commercial.......ccuveuuuns 300 225 200 700 560 700 | 560 800 480 1,100,000
Fir, Balsam...csvvevvens . 15¢ |° 125 100 700 560 600 | 480 500 400 1,000,000
Hemlock, Western....... 300 225 200 900 720 90C 720 800 640 1,400, 000
Hemlock, Eastern...... Chereaaaee 300 225 200 700 560 700 | 560 600 480 1,100,000
HICKODrYs ve et st inaetica e icainarcaanan 600 400 350 1500 12001 1200 260 1000 800 1,800, 000
larch, Western.......... 325 2295 200 1100 8801 1000 | 800 800 640 1,300,000
Maple, Sugar and Black 500 375 300 { 1200 960 | 1100 | 880 | 900 720 1,600,000
Maple, Red and Silver.....eviersnvsarns 350 250 200 800 540 700 560 600 480 1,100,000
Oak, Red and White, Commercial........ 500 375 300 1000 800 900 720 800 640 1, 500, 000
Pine, Southern Yellow.......eonvenuns. 880 | .... | 800 680 1, 600,000
Pine, Southern Yellow,Dense 380 260 235 || 1285 | 1035| 1165 | 935 990 795 1,600,000
Pine,White, Yellow, Sugar and Ponderosa. 250 150 125 750 600 | 750 | BOO 650 520 1, 0C0o, 000
Pine, Norway 300 175 150 800 640 800 640 700 560 1,200,000
Poplar, Yellow.. .. 250 150 125 800 640 700 560 600 480 1,100, 000
Redwood . 250 150 125 1000 800 300 720 750 600 1,200,000
Spruce, Red, White and Sitka.. .. 250 150 125 800 640 750 600 650 520 1,200,000
Spruce, Engelmann.. . 175 140 100 600 480 550 440 450 360 800, 000
Tamarack 300 225 200 1000 800 lol] 720 800 840 1,300,000

REF § . .
ERENCE U. S. DEPARTMENT OF AGRICULTURE STANDARD DWG. NO
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6.6-2

shown, but the drawing should not be cluttered up with unnecessary
views, marks, and notes. The first sheet of this drawing will be the
layout sheet which will show the over-all structure features and dimen-
sionsg., This sheet will usually contain a bill of materials and lumber
cutting bill. The followling detail sheets will show the detailed con-
struction information, such as details of members, Joints, etc. If the
structure ig complex and has numerous detail sheets, it is hest to show
a bill of material and lumber cutting bill on each detall sheet with a
summary shown on the layout sheet. The allowable unit stresees used in
the design should be indicated on the layout sheet along with whether
the design is based on standard dressed, standard rough, or special sizes
of lumber.

*J,5. GOVERNMENT PRINTING OFFICE: 1981-0-727-744/1701
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STEEL SCHEDULE
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NOTES:

The structure is symmetricol about ils cenferiine excepl
the 4" fibre pipe ond drain filter which are sym -
me/frical about the outlet of the fibre pipe.

The tibre pipe sholl be Orangeburg Fibre pipe or equal.

The fibre pipe drain filter sholl be a clean pit run sand
ond grovel mixture and shall be continuous along
the pipe and extend 210" beyord the ends of the

pipe.

The m,i!ep hole droin filter shall be a clean pif-run sond
and gravel mixture ond shall extend the length of
the sidewall,

Chamfer oll exposed edges 2"

All fillets €

The /longitudinal and transverse sills shall be poured
maonolithically with the aprorn ond withouf the use
of o horizontal construction joint.

A/l reinforcing steel shall hove of least 2" of concrete
cover and in foces poured against earth, it sholl
have of least 3" of concrete cover

A/l reinforcing bor lengths shall be in increments of 3"
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STEEL SCHEDULE
LOCATION R SIZE (QUAN. | LENGTH |TYPEI A | 8 |70TAL FT LOCATION \WedRk | S12E IOUAM LENGTH [TYPE\ 4 | B |TOTAL FT| LocAT/on WARK SIZE | QUAN,| LENGTH |TrPE| A 8 |TOTALFT LOCAT/ION WOARK | SIZE | QUAN.| LENGTH |Tvie| 4 | 8 |ToTAL FT-
Toewa// 119 4 20 6 _|2-0 160 32-0 | He extension footing Js; 4| % 3-2 15t 285-0 | Sidewall AR 4 /4-9 | SF 59-0 | Headwall /06] & | 22 /7-3 |S5¢ 379-6
” 215 2 23-3 St 46-¢ “ 4 375 4 20-0 | * 80-0 . 26 4 /3-8 - 55-0 ” 107] 4 20 Z2-9 [~ 55-0
” 314 2 306 v é/-0 v “ & 388 8 /10-3 . 82-0 ” r-2R3 4 126 “ $0-0 ol 1081 4 20 £4-¢ |~ 80-0
Toewo!/ and tronsversesi// | 4 | 3 T3/ 5-6 v 170 -6 . ~ “ 3915 4 24-3 [ ¥ 97-0 " 746 <4 /e | 26-0 | Sidewal/ /09 5 | /14 76 | 7 245-0
d ” v - S|4 125 5-6 hd 137 -6 | dpron ond joewall L0|5 | 24 22-3 2 [273{7-0]534-0 e [ ond headwall/ex?t. 7515 % 18-9 | 2 1169|220 4876 “ 110 4 16-01 * 6€4-0
Toewa!! gnd wingwoll 6 | 5 (46 6-6 ~ 299-0 | Apron 4/ | ¢ | 32 /6-9 |5¢ $36-0 “ - . - 7% S F. /8-3 | 2 [/63]|20] 366 " s 4 15-0 | * 60-0
4 . * 71s 18 -6 4 17-0 ” 42141 15 70 [~ 105-0 d - 4 ” 7715 2 16-3 |2 [143]20] 32-¢ - 1215 | 4 /3-9 ]~ 5-0
'Wl;)iwa// Footing 8 4 2 25-6 . 5/-0 | Longitudinal silT 4318 3 /9-3 d 175-6 “ - - v 78| 5 y: /4-3 12 (/723720 286 “ W31 s 4 12-6 | 50-0
- ” 9|« Z 290 * 58 -0 | Tronsyerse sill 4416 4 /7-0 . &8-0 “ I - ” 79| 5 2 12-3 |12 /03] 20] 246 4 ZIE] 4 /7-61 4¢-0
~ " 10| 4 2 23-9 “ 47-6 | Buttress 4515 % 3-9 v £0-0 “ “ “ d &0 s 2 10-3 | 2 1831 201 20-6 | Sidewoil and headwall /518 | 32 2/-3 /9-3/2-0] 680-0
. * |4 2 /8-3 ” 3é-¢ g 46| 5 4 2-9 v /-0 * - " v 8/ 16 | 34 5-6 | 2 | 3¢{ 20| /870 | Sidewoll and heodwoll exf |16 5 2 20-0 /8-0/2-0% 40-0
g ” 2] 4 2 12-3 d 24 -G | Wingwoll 47 L4 10-9 |~ 43-0 Sidewall and wingwoll 826 | 46 7-3 (/6 531203336 - - " " 1171 5 F /8-6 16612-0] 37-0
Wingwoll feoting and apronn | /13| 5 8 4-6 g 36-0 “ 485 <4 10-0 ‘ 40-0 | Wingwol/l 231 4 4 106 |S? 42-0 * . “ 4 /181 5 2 17-3 12 |/53(2-0] 34-
Toewa/l andW/QL»O// fooling| 14 | 5 |30 3¢ 2 13¢e15¢|270-0 “ 4915 4 3-c . 3¢-0 “ 54 | 4 4 8-¢ “ 38-0 i “ v " 19| 5 2 /5-6 12 i13¢| 20| 3/-0
,. 0 g d AN Z< " 13¢50 ¢7°0 7 5015 | 4 53 | * 330 @ 954 | 4 &S5 | ~ 350 - i “ "_1/20] 5 /4-312 [12-3[20] 28-¢
- o hd 6|5 8 8-0 v 136|4-6| 64-0 “ 5/ 15 4 7-3 " 29-0 “ 6| ¢ 4 8-0 b 32-0 i ~ ~ - /1211 5 2 /12-9 | 2 [109] 2-0] 25-¢
~ 4 > - /1715 4 76 “ 13-6i4-0| 30-0 v 3215 4 &6 " 26-0 “ 37| 4 4 7-0 - 28-0 . ~ * ~ 1221 5 /-3 |2 |9-3120] 22-¢
“ * 4 L /181 5 4 6-9 ‘13el33] 27-0 & 5315 4 56 “ 220 ” 88| 4 4 -0 ” 24-0 “ " ” - /2315 2 9-9 12 |79:20, /19-6
~ - ’ ” 915 4 66 v j3613-0] 2¢-0 ” 54| 5 4 €9 | - /90 “ 89| ¢ 4 5-3 . 2/-0 | Sidewoll and wingwol/ /1241 5 £ 15-6 (/6 |/3$12-0] &zZ-0
" - “ . 201 5 3 5-6 ¥ 13-6{20] 33-0 4 555 4 3-8 ” 15-0 - 90| 4 4 4-6 ;" 18-0 | Headwoll 1251 4 2 17-6157 35-0
Toewall under wingwall 2/ 141 ¢ 276116 |25%(2-0] 165 -8 |Wingwal/ and sidewall se|8 ] 22 9-9 /6 [7-9120|2/4-6 - 9/ | 4 2] 36 |~ /14-0 “ 26| 4 1 2/ 6|~ 24756
~ ” “ 221 4 | ¢ 28-0 v 1260(2-0| /68-0 - “ ol 5718 2 83 " 16-3120]| 16-6 ” 921 4 4 2-9 - /-0 “ 1271 4 { 24 17-0 |~ 408-0
Culroft wall 23 /8 24-0 St 432-0 “ “ ” 5818 2 %0 » 14-012-:0] /2-0 “ 231 5 4 25-0 4 700-0 | Buftress 128 S L &-¢ o 34-0
Culor? woll and heodweall 4 39 e ol 234-0 ” ” ” 5318 2 3-9 “ 1/1~912-0! 7-6 o 94| 5 2 24-¢ ! d48-0 ~ /128| 5 4 -6 | * 2¢-0
ol * o hd 251 & 4 6-9 “ 27-0 wWingwa// 6015 6 20-0_ |5/ 1200 v 9515 2 20-6 “ 47-0 “ 30l s 4 4961~ /8-0
Cutolf wall and hdwl exf 26 /56 10-6 “ /638-0 . e/ |5 rd /90 |~ 38-0 “ %%, 5 2 62 - 33-¢ “ 13/ 4 s £-9 | ~ /9-0
Cutoff wall and heaodwall 271 4123 5-6 . 126 -6 ” 215 sl /e | 33-¢ “ 8715 2 /3-3 “ 26-¢ “ /32| 4 <€ L0}~ 16-0
Apron ard sidewal/ 28/ 6 | c8 6-3 2 133|301425-0 ” 3|5 /4-3 g 28-% ” EZAN 2 9-9 “ /96 . 133, 4 4 36 |~ 74-C
Apron 915 {17 28-9 St 488 -3 " 645 £ /2-0 ” 24-0 ” 99| 5 2 &-0 o /2-0 - 134 4 4 2-9 | ¥ 11-0
“ 30] 4 [ 34 3-6 ” 119 -0 “ G5! 5 F. 9-9 v /9-6 Wingwal! and siclewol/ 700 5 4 28-3 /6 |2a3[20] //3-0 “ 135| 4 4 2-3 “ 9-0
Apron and foewall /1 4124 22-8 2 |2r9l/-07546-0 - AR 2 7-6 - /5-¢0 Headwall extension 0/14 ] 80 12-6 | 5¢ 1000-0 4 13¢| 4 4 /e 1" &0
Longitudinal sill 321 4128 <~ 54 |Seedelail| 175 -0 “ c72[5 2 5-0 | /0-0 “ ” 0213 |72 | /9-¢ |~ 1404-0 - 37] 4 | 4 /13 |~ 45-0
Longifudinol sill ond foewoll | 331 7 | & 3-8 21291710 /5 -0O]Sidewal/ 68| ¢ | /2 /7-¢ |~ 2/0-0 | Headwoll /0313 | 2 /7-6 | * 35-0
Longitudinal sill 34161 ¢ 8-0 157 ] 48 -0 “ ¢9|e¢ | 2 [ /7-3 177 34 ” 1041 3 137 | /7-¢ |~ 425-¢
Headwall footing 33 512 24-3 “ | 48 -6 “ 701 ¢ 4 16-0 - &40 i 105] & 4 //-é ~ 4¢-0
L. 4 2-0 7-4 g . -]
> . . S - Note: The mork nurmbers indrico’e the ~ . (= Seftled Fill F“
* 20°0 150 150 200 7 respective bor locotions ond remoirn Nofe: £levation of fop of [~ {Etev.
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RN 7 not requircd/are not listed in the ’5"//; e’:’c‘:”/_,"/"/ for ~
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STRUCTURAL DESIGN: REINFORCED CONCRETE DESIGN.
AREAS AND PERIMETERS OF BARS AT VARIOUS SPACINGS

FOR 12 INCH WIDTH

Areas given in top figures in square inches
Perimeters given in bottom figures in inches
Bar Size .
Spacing Spacing
#3 #4 #S #6 #7 #9 #10 #11
2 0.66 1.18 .84 2.65 2
7.07 9.42 11.78 1.1
0.59 1.05 1.64 2.36 3.21
2174 6.28 8.38 10. 47 12.57 14.66 2174
0.53 0.94 1.47 2.42 2.89
111 5.65 7.54 9,42 11.31 13,20 2172
Q.48 0.86 1.34 1.93 2.62
1374 5. 14 6.85 8.57 10. 28 12.00 134
3 , 0.44 0.79 1.23 1.77 2,40 4.00 3
$i71 6.28 7.85 9. 42 11.00
7. 3t AT 0.73 1.13 1.63 2.22 3.69
34 43 5,80 7.25 | -8.70 10,15 31/4
) - 088 0.67 1.05 s 1,51 2.06 . 3.43 4.34
311 B.04 5.3 6.73 | ¥ al08 9.42 1358 311
0.3% 0.63 0.98 1.4l 9B, s 3.20 4.05 5.

334 3.77 5.03 6. 28 7.5%a 8.86 " 12.77 14: 18 334
4 0.33 0.59 0.92 1.3 |1.80 3.80 4.69 4
3.53 4.7 5.89 7.07 8.25 . 11.97 13. 28
0.3] 0.55 0.87 1.25 1.70 2.82 3.57 4.4)

41/4 3.33 u.uy 5. 54 .65 . 7.76 11.27 12.5] 41/4
~0.29 0.52 0.82. 118 T 1,60 2.67 .37 417
4112 3. 14 .19 5.24 “5oamt TR 7033 . 10.64 11.81 411
0.28 0.50 0.78' .12, F° 150 2.53 3.20 3.95
43/4 2.98 3.97 4. 96 5.95 5" 6.94 . 10.08 1.9 43/4
[3 -0.26 0.47 0.74 1,08 .44 2.4 3.04 3.75 5
2.83 3.77 %4 5.65 6.60 8.5] ~9.58 10.63
0.25 0.45 0.70 T 1.37 2.29 . 2.89 3.57
3174 2.69 3.59 4, 49 ~5.39 6.28 8. 18 9.12 0.1 | 5174

0.24 0.43 0.67° 0.96 1.31 2.18 2.76 3.41 - g i
51712 7.57 3.43 4.28 5.1 6.00 7.73 8.71 9.66 5112
0.23 Q.41 0.64 0.92 1.25 2.09 2.6 3.26 .

53/ 2.4 3.28 4. 10 497 | 57 7.ug 833 3.25 53/4
6 0.22 0.39 0.61 0.88 1.20 2.00 2.53 3.12 - I3
2.36 5. 14 3.93 470 - 5. 50 7.09 7.98 8.B6
0.20 0.36 0.57 0.82 1. 11 1.85 2.34 2.88

6172 2,18 2.90 3.62 435 5.07 6.54 7.37 8.18 6172 o
7 0.19 0.34 0.53 0.76 1.03 1.71 2.47 2.68 7
2.02 2.69 3.37 .08 4.71 6.08 6. 84 7.59 .
0.18 Q.31 0.48 0.71 0.96 |.60 2.03 2.50
T2 1.89 2.5) 3, 14 3.77 A 5.67 6.38 7.09 Tin
P 0.17 0.29 0.46 0.66 0.50 .50 1.90 2.3Y 3
1.77 2,36 2.9% 3.53 At 5.32 5.99 6,65
0.16 0.28 0.43 0.62 0.85 141 1.79 2.21
8in 166 2.%2 2.7 3.33 3.88 5:00 5.63 6. 25 811
9 0.15 0.26 0.4l 0.59 0.80 1.33 1.69 2.08 9
1.57 2.09 2.62 3.1% 3.67 .73 5.32 5.91
0. 14 0.25 0.39 0.56 0.76 1.26 1.60 1.97
7112 1.49 1.98 2.48 2.98 3.47 4. 48 5.04 5. 60 911
10 0.13 0.24 0.37 0.53 0.72 1-20 .52 1.88 10
1.4} 1.88 2.36 2.83 3.30 4.5 .79 5.32
0.13 0.22 0.3 0.50 0.69 1. 14 1.45 1.79
10172 1.38 1,80 2,28 2059, ENT Y05 4. 56 5.06 10 1/2
T 0.12 0.21 0.33 0.48 0. 66 1.09 1.38 1.70 i
1,29 1.71 2. 14 2.57 3.00 3.87 4,35 ¢.83
0.12 0.20 0.32 0.u6 0.63 1.Q4 1.32 {. :
n (.2 i.64 2.0 2.6 2.87 3,70 .16 u a2
" PR S e S 2 o & i 197 2
L te CLBT ; 88 3
13 0.10 0.18 0.4] 0.56 .17 [ 13
i.09 I, 48 2.18 2.54 3.68 4.09
" 0.09 0.17 0.38 0.52 0.86 .08 1.3% 14
1.0 1.35 2.02 2.36 3.04 3.42 3.80 .
Is 0.09 0.16 0.35 - 0.48 0.80 1.01 1.25 5
) 0.9% 1.26 i.89 2.20 2.84 3.19 3. 54
.|6 0.08 0.15 0.33 0.45 0.75 0.95 1.17 6
0.88 1,18 1.77 2,06 2.66 2.99 3.32
17 0.08 0. 14 0.3 0.42 0.71 0.89 .10 7
0.83 AT 1.39 1.66 i.o 2.50 2.82 3,13
18 0.07 0.13 0.20 0.29 0.40 0.67 0.84 1.0% 8
0.79 1.05 1.31 1.57 1.83 2.36 2.66 2.95
#3 #4 #5 6 #1 #9 #10 #1
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STRUCTURAL DESIGN: REINFORCED CONCRETE DESIGN

BAR SPACINGS FOR

TEMPERATURE AND SHRINKAGE STEEL

A

\¢

t = thickness of slab or wall, inches

6 7 8 910 12 14 16 18

3 45 6 7 8910 12 W

16 18

2
8 = bar spacing, inches - for py = 0.002
2 3 4 5 6 7 8 910 12 14 16 18
. - A s = bar spacing, inches - for py = 0.003
T Pyt
A = area of bar, sq in.
by = temperature and shrinkage steel ratio
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4.} Detailing

4.4.1 General. Structural drawings should be simple, clear,
complete, end accurate. They should not contain unnecessary lines, dimen-
sions, symbols, or notes. They should contain, however, all the essential
informetion supplemented by an adequate set of notes that are clearly
stated. Such drawings save time and expense in the drafting room and on
the job. Any engineering office that is doing an appreciable amount of
reinforced concrete design and/or detailing should have a copy of the
"Manual of Standard Practice for Detailing Reinforced Concrete Structures
(ACI Standard 315-45)" published by the American Concrete Institute.

4.4.2 Drawing Standards. The standard drawing sizes and title
blocks to be used by the Engineering Standards Unit are shown in drawing
ES-16.

The recommended scales for detailing are: 1/4" = 1'-0", 3/8" = 1'-0",
1/2" = 1'-0", 3/4" = 1'-0", and 1" = 1'-0". The scale selected will de-
rend on the proper layout of the drawing and the scale necessary to clearly
show all details.

The use of symbols and abbreviations reduces the required drafting
time and makes the drawing more clear and simple. The symbols and abbrevi-
ations should be clear in meaning and should above all be consistent. See
drawings ES-2108-30BE and ES-2108-30B for the use of recommended symbols
and abbreviations.

The recommended type and weight of line to accent the important fea-
tures are as follows:

Concrete line 1/100"
Unexposed concrete line —————-———————— 1/]00"
Reinforcement : 1/50"
Center lines — - 1/100"
Dimension lines e =t 1/150"

4 4.3 Engineering Drawing. The engineering drawing is prepared
by the designer to convey all the necessary information to the draftsman
s0 that he can prepare the detailed structure drawing. The engineering
drawing should be simplé, but should be clear and complete encugh so that
the draftsman will have no doubts as to the designer's intentions. See
drawing ES-2108-30BE for a sample engineering drawing.

4.4 .4 Dpetalled Structure Drawing. The detailed structure draw-
ing is prepared by the draftsman and will be used by the steel fabricator,
construction engineer, and the contractor. This drawing must be complete
and accurate., It should contain the necessary information only. Super-
fluous material and notes add nothing to a drawing but confusion and higher




6.4-10

costs. The first sheet of this drawing will be the layout sheet which
will show the over-all structure features and dimensions. It 1s ususally
advantageous to show a list of materials on the layout sheet. The fol-
lowing detail sheets will show the steel placement, but will not show the
concrete dimensions except in special cases. The bar schedule may be
shown on the layout sheet, all on one detail sheet, or may be divided on
two or more of the detall sheets, whichever provides the better layout.
The bars should be listed in the order that they will be placed, or as
nearly so as possible. See drawing ES-2108-30B for a sample detailed
structure drawing.

4.4.5 Reinforcement. Typical bar types that will be used are
shown on drawing ES-18.

The required tension lap splices and required bar extensions for
various size bars for the classes of concrete are shown in drawings
ES-227 and ES-160 respectively.

The details of hook bars are shown in drawing ES-20, The recom-
mended sizes for 180° hooks should be used wherever possible.

4.4.6 Notes to Designers and Detailers. The following notes
are quoted, with permission, from the "Manual of Standard Practice for
Detailing Reinforced Concrete Structures (ACI Standard 315-48)."

"109. Notes to Designers and Detaillers. The designer must show
plans which are complete and clear in every detail. The detailer
should not be expected to do any designing or to guess at what the
designer desires. The discussion in sections 105 and 106, together
with the following notes, will assist in preparing satisfactory
drawings.

"(a) Plan Study. The detailer should completely understand
the engineer's design and the builder's method of construction be-
fore be begins detailing the structure. The preparation of plac-
ing drawings, bending details and bar lists for reinforcing steel
requires careful study of the engineer's plans, thoughtful plan-
ning, patience, and above all, accuracy. This statement cannot be
overemphasized.

"(b) Planning. The next step for the detailer in planning
his work should be to determine the scale of the drawings he is to
make, the size of his drawings, their arrangements with regard to
plans, sections, details and schedules, and the number of sheets
required. In his planning he should bear in mind the successive
steps of construction so that all steel required for building any
portion of the structure will be shown on the plan for that portion.
If possible, the drawings should be so planned that the reinforcing
steel setter will need but one print at a time. Where a structure
is large and more than one drawing must be employed, the structure
chould be divided into sections in order to keep the drawings on a
practical scale.

"(c) Checking. Placing drawings should be checked by the de-
signing engineer before the reinforcing steel 1s fabricated.

Revised 4-81



STRUCTURAL DESIGN:

STANDARD DRAWING SIZES
AND TITLE BLOCKS
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Reserve this space 3%
R for revision record
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NOTES:

1. All drawings shall be one of the above sizes and shall have border and trim lines.

2. Standard size typewritten material placed on Size L and Size N drawings shall not have
a linear reduction greater than 1 to 0.75 in the final form.

3. 8Size L and Size N drawings prepared for inclusion in National Engineering Technical
Material shall use the Type A Title Block, except where a Size E drawing is reduced to
a Size N. A Type A Title Block consists of two parts, one at the top of the sheet and
the other at the bottom.

4. Size N drawings prepared for a purpose other than inclusion in National Engineering
Technical Material may use the Type F Title Block.

5. All Size E drawings shall be prepared to accept a linear reduction of 1 to 0.5.

6. Type E Title Blocks shall be used on all Size E drawings.

7. Type D and E Title Blocks shall be used on all National Standard Detail Drawings that
are to be incorporated into a set of construction plans. Type D shall be placed in
the lower left-hand corner of the drawing and Type E in the lower right-hand corner.
The Type D Title Block shall be completed by the office preparing the original stan-
dard drawing and the Type E by the office using the standard.

8. As shown above, all Size E drawings shall be prepared with a 3% x 1 inch vacant space
{without border lines) for recording drawing revisions.
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