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PREFACE

The object of this pocket book is to place before the public
in as concise a form as possible practical information in re-
gard to reinforced concrete comstruction, and the author
hopes that this book will promote the use of reinforced con-
erete and be the medium of its standardization.

It is no textbook, and a good knowledge of mechanics and
building construetion is indispensible for its rational use,
and those thinking that they may become experts by studying
this book are warned herewith to be careful and to consult
with experienced men before embarking on any important
piece of work. ’

The tables were very -carefully figured and checked
repeatedly by slide-rule; most of them were figured seven to
ten years ago and have been thoroughly tested by a great
many practical applications. No claim is made that the book
contains anything entirely new except the shape in which the
information is presented; and nothing new has been dis-
covered since the tables were first prepared which warranted
the author revising them.

A factor of safety of four was universally adopted, and
where no other mention is made the concrete mixture was
assumed what is commonly called a 1:2:4 mixture=one bag
of cement to six cubic feet of aggregate.

The use of high carbon steel is of advantage in reinforced
concrete construction. The gain over mild steel is, however,
but little for low percentages of reinforcement, and as most
of the structures shown in this book are reinforced by only
14 to 4%, the substitution of mild steel will not decrease
the strength of the structures more than 10 to 15%.

The compact form of the book compelled the author to
confine the information given to those subjects which cannot
-adily be found in other books and to confine himself onlr
‘o those applications of reinforced concrete mostly used.
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4 MENSCH, THE REINFORCED

PROPERTIES OF SQUARE RODS.

Mk Muain |Woihtpertoot] Misedbods | A | WeiMtperfostie
gi Cy o el s (iotimes| CT| mnd
2| onehod | Doehed [Four'hois| and ovariops | * * otberhind | Su. Is. r.Lovertans
t] .062] .212
| 098] .333
1| .141] .478
Jel 191 651 _
H 2;:’,(1’ 1‘2350' ig?s ;‘8 231&2-5 | 1.28| 5.8
1| 2| 101 |2.25 | 100 |[2E&AATLOOL 86
e p ’ ’ 2 3&2-F | 2.65 120
i) 706 2.60 |3.06 | 13.8 o &‘)-1'” e
! 1'0(,’ 8.40 1400 18.0 2-1" & 2-1} 4:50 20.5
15126 | 430 | 5.04 | 22.5 el 5G| B
11156 | 531 |6.25| 280 [ < ). =22
2 % N 211 & 2-1§| 6.90 31.0
12 (1.80 | 6.43 | 7.56 | 384.0 e 8| g0 1
131225 | 7.65 |9.00| 405 [ =773 8.2 Uik

SIX RODS.

T § 8 [ ]
ima 3.37 | 4.59 | 6.00 | 7.56 | 9.37 | 11.34[13.5
foot .
';Igt"l.;fn ” 15.0 | 20.5 | 27.0 | 34.0 | 42.0 | 51.0 | 60.9
——"‘""'f;.{""’“" 3.98 [5.20 | 6.79 | 8.48 [10.35] 12,42
e aod olaps | 18-0 [ 23.7 [ 30.5 | 38.0 [ 46.5 | 56.0
EIGHT RODS.

MRS Ty L [ 17 [ 15 15 ] 18 | 14
™ 4.5 | 6.12 | 8.0 [10.08]12.50(15.12] 18.00
w&m 20.3 | 27.5 | 36.0 | 45.0 | 56.0 | 68.0 | 81.0

The theoretical weight per lineal foot of reinforeing is
found by multiplying the area by 3.4. In beams and girders,
‘he rods extend beyond the center of supports, and on this




CONCRETE POCKET BOOK.

PROPERTIES OF ROUND RODS.

Areain | Weight por | Area in | Woight porfoet]  Mixed Reds Area In | Weight per foot of
g || S| I | |
-! Ono Rod | Onc Rod |Four Rods| and Overlaps | * * sther kind Stirraps & Overiaps
1] .049] 167
P .077] 261
¢ | .110| .375
Al .150] 511
+| 96| .e67| .785| BT L
2| .306] 1.04 |1.227] 5.4 ;"*if‘i 122 (4_’
3| 42| 150 |176 | 7.9 2jf&;j S
il .601] 2.04 [2.40 | 10.8 2_1&;_‘15, 5o 1'2':
T 2T S T B ey 3| 160
5| 9921 8. : o Bli&e-1i 443 20.0
3 1225) 417 (490 | 22,0 PR R Ritl T
13 1.485] 5.05 |5.94 | 26.7 ;']‘f&{]g >4 29-2
13 |1.765] 6.01 |7.06 | 317 PlE&2IH 6

SIX RODS.

BIAMETER p % 1” 1% 14 13 14
M 2.65 | 3.60 | 4.71 | 5.96 | 7.36 | 8.90 |10.60
Wit r ot 12.0 | 16.0 | 21.2 | 27.0 | 33.0 | 40.0 | 48.0
iy 3.13 [ 4.15 [ 5.35 | 6.6 | 8.0 | 9.7
N e and grertaps | 141 | 18.7 | 24.0 | 29.7 | 36.0 | 43.6

EIGHT RODS.
Cwemm | § | § | 17 | 1% | 13 | 1§ | 1}
™ 3.52 | 4.80 | 6.28 | 7.94 [ 9.80 |11.88[14.12
Woight incl, 3 5 3.
WL vt | 15-8 | 216 | 28.2 [ 35.7 [ 44.0 53.5 | 635

account and on account of the stirrups the coefficient of 3.4
increases to an average of 4.5. The stirrups alone weigh from
5 to 109 of the weight of the rods.’
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PROPERTIES OF TEE BEAMS.

o ROWND BARS | SUBARE BARS
Weigt of

Bonting | Bopth o peam |  Deltorcsment (Sl r | E | pending

Moment | Below Siab _ Usal | "o | Mot

'] Inches Iaciading | Concrate ]

100 .ﬂunt Roond or Seuare I~

Footdhs. | oreoeare lnch gy | Fest | FootPoends
1| 4.0| 3ixe 2-3 1.8 | .165 6.0 2.3
2| 6.2 [2300 2-3 2.7 « 7.8 | 3.5
3| 9.0 ‘ 2-4 4.0 ¢ 1.3 5.0
4| 8.0 sng% 2-¢ 2.7 | .34 10.2 3.5
5| 10.3 | [4200 43 3.7 ¢ 13.1 4.5
6| 1.6 ‘¢ 2-3 4.0 ¢ 14.8 5.0
71 18.0 “ 4-3 5.4 “ 20.4 7.0
8| 23.1 “ 44 7.9 “ 29.6 | 10.0
9| 27.4 | 74x8% 2-3; 2-% 9.5 | .46 34.7 | 12.0
10 | 31.6 | [5700] 4~ 10.8 “ 40.0 | 13.8
11| 19.7 | 64x10% 4§ 54| .42 | 2.2 | 7.0
12| 240 | [4860] | 2-8; 23 | 67| ‘“ | 30.6| 8.6
13 | 28.4 43 7.9 “ 36.2 | 10.0
14 | 33.5 “ -3, 2 | 95 42.7 | 12.0
15 | 38.6 | 74x10% 4-7 10.8 | .56 49.6 | 13.8
16 | 44.0 | [6620] | 2-f-2-1" |12.4| | 7.0 | 15.8
17 | 50.3 4-1" 14.1 “ 64.3 | 18.0
18670 2-1; 21§ | 16.0 | ¢ .3 | 20.3
19 | 23.3 | 63x12} 4 54| .49 7.0
20 | 28.56 | [5520] 2-§; 2-% 6.7 “ 8.6

33.6 ¢ 1} 79| « 10.0

40.0 ‘“ 2-4; 2-% 9.5 “ 12.0

46.0 | 73x12} 4- 10.8 | .67 13.8

63.0 | [7500] | 2-§; 2-1”7 | 12.4 “ 15.8

60.0 ¢ 41" 14.1 “ 18.0

67.8 | 9ixi2} | 2-1"; 2-1-}| 16.0 | .84 20.3

76.1 | [9500] 4-1% 17.8 ¢ 22.5

37.6 | 7ix14} 44 7.9 | .75 10.0

44.6 | [8650] 2-%; 2-% 9.5 “ 12.0

61.2 ‘¢ 10.8 ‘e 13.8

69.0 « 2-%; 2-1" | 12.4 o 15.8

67.0 sixui 41" {141 .9 18.0

76.0 | [[1000] | 2-17; 2-1§ | 16.0 | *¢ 20.3




OONCRETE POCKET BOOK.

PROPERTIES OF TEE BEAMS.

-~

The sizes of beams and reinforcement

line refer both to round and square rods.

ROUND BARS SNRARE BARS
Woight of ~ | Welght of
Budieg |Widthand bepth Stealpor| CC | Beadieg | Stool por
Nember of Relsforcem Fost
Nemsat | 3ty ot PR oment | Lsea
o L] Shear st —_— Iacindiag | Covcrote ] laclodlag
o |1 | o0 pemis . O | e | e
Footdus. (por Sevaralact | Bound or Syeare g | oot | Fonkpounds ad
© 34| 86.0 sf"xui" 4-13" 17.8 | .95 | 108.0 | 22,5
35 | 94.8( [11000] | 2-14; 2-14 | 20.0 | .95 | 121.0 | 25.5
36 |106.0 | 113x14 4-11 22.0 |1.15 | 134.0 | 28.0
37 [127.0 | [13300 6-14 |27.0 | “ | 162.0 | 34.0
38 | 68.6| 7ixi6 -3 10.8 | .85 | 74.7 | 13.8
39| 61.3| [9550 2-%; 2-1 |12.4 | .85 | 86.0 | 15.8
40 | 76.6| 9ix1i6 4-1" 14.1 | 1.07 97.6 | 18.0
41| 86.6| [12100 ‘)—1 2-14 | 16.0 | “ | 11o.0 | 20.3
42 | 97.0 ‘“ 4-1% 17.8 | “ 123.0 | 22.5
43 [108.0 ‘ 2-1%; 2-13 [ 20.0 | 138.0 | 25.5
44 [119.6 | 113xI18 4-11 22.0 | 1.30 | 162.0 | 28.0
45 | 145.0 | [14600, 6-1§ | 27.0 | “ | 184.0 | 34.0
46 | 86.0| 9ix18% 4-1" 14.1 | 1.20 | r10.0 | 18.0
47 | 91.2| [13200] | 2-1; 2-1§ | 16.0 | ¢ 123.0 | 20.3
48 1109.0 “ 413 17.8 | ¢ 138.0 | 22.5
49 | 129.0 ‘ 6-1" 21.2 | ¢ 184.0 | 27.0
50 |121.0| ¢ 2-14; 2-13 | 20.0 | ¢ | 186.0 | 25.5
51 | 147.0 | 113xi8% | 3-1; 3~1% | 24.0 | 1.45 | 186.0 | 30.5
52 | 134.0 | [16000 4-11 22.0 ‘“ 172.0 | 28.0
53 | 163.0 ¢ 6~1% 27.0 | ¢ 207.0 | 34.0
54 |181.0 “ 3-13; 3-11 [ 29.7 | ¢ | 232.0 | 38.0
55 | 136.0 | 94x20 2-1&; 2—1;, 20.0 [1.34 | 172.0 | 25.5
56 [ 143.0 | [14400 21.2 | « 182.0 | 27.0
57 | 149.0 | 113x20 4—1& 22.0 [1.62 | 190.0 | 28.0
58 [163.0 | [17400] | 3-1; 3-13 [ 24.0 | “° | 208.0 | 30.5
59 [181.0 ¢ 6-13 27.0 | ¢ | 220.0 | 34.0
60 |201.0( * 3-14; 314 | 29.7 | ¢ | 267.0 | 38.0
61 [178.0 [ 113x224 | 3-1; 3-13 | 24.0 [ 1.80 | 226.0 | 30.5
62 | 198.0 | [18800 6-1% 27.0 | ¢ 263.0 | 34.0
63 [220.0 3-14; 3-1} | 29.7 | *“ | 283.0 | 38.0
64 [246.0 “ 6-1 33.0 | “ 312.0 | 42.0
65 [267.0 ¢ 3-1}; 3-13 | 36.0 | ¢ | 346.0 | 46.5
in each horizontal



MENSCH, THE BEINFORCED

PROPERTIES OF TEE BEAMS.

ROUND BARS " SENARE BARS
o Weight o
Bundieg |Viithand Bopth por| S | oadier | Stesip
Nombor of B Reiaforcoment Fost
Womeat | paiow siab Usetl | “gf’ | Mement | Lioed
o Bt _ incindig | Comcrete ] W | jeciud
bom | V0| Pt | e arseuns | TS| (e | VWSt
Festdbs. |per Sesars lach .:“;E Tout |Fosthonnds| omd
66 | 208 | 113"x26”| 3-1; 3-13 | 24.0 |2.08 | 266 | 30.
67 | 233 6-14  [27.0 | 204 | 34.0
68 | 267 [21400] | 3-1%; 3-11|29.7 | 330 | 3810
69 | 287 ¢ 6-1% 33.0 | ‘ 366 | 42.0
70 | 312 | 133x26 | 3-1}; 3~-13 | 36.0 [2.44 | 408 | 465
71 | 347 [25100] 6-1% 40,0 | 446 | 510
72| 226 i13x28 | 3-1; 3-1§ |24.0 | “ 286 | 30.5
73 | 281 | [22700] 6-1 27.0 1 ¢ 316 | 34.0
74 | 217 ¢4 7| 3-1%; 314 29.7 | ¢ 366 | 38.0
75 | 308 ¢ 6-1% 33.0 ¢ 394 | 420
76 | 336 134x28 | 3-1%; 3-1§ | 36.0 | 2.63 436 | 46.5
77 | 374 | [26700] 6-1% 40.0 | “* 4177 | 51.0
78 | 269 113x30 6-13 27.0 |2.40 | 338 | 34.0 |
79 | 296 3-1%; 3-14 | 20.7 | 381 | 38.0
80 | 332 [24100] 6-1 33.0 | ‘¢ |. 421 | 420
81| 369 ¢ 3-1%; 3-13 [ 36.0 | ¢ 466 | 46.5
82 | 400 | 134x30 6-13 40.0 |2.82 610 | 51.0
83 | 440 [28400] 811 4.0 | 662 | 56.0
84 | 520 | 134x36 814" 44.0 | 3.38 676 | 56.0
85 | 640 [33200] 813" | 535 | ¢ 816 | 68.0
86 | 760 o 814" 63.5 | ¢ 972 | 81.0
871 617| 13ix42 8-14 44.0 |3.95 789 | 56.0
88 | 760 | [38000] 8-1¢ 53.6 | 861. | 68.0
89 | 890 | 16x42 814 63.5 | 4.38 | 1130 | 810
90 | 703 | 16x48 814 44.0 | 5.00 900 | 56.0
91 | 886 | [47700] 8-13 53.5 | ¢ 1080 | 68.0
92 | 1010 ¢ 8-13 63.5 | 1290 | 81.0
93 | 1270 | 17x48 10-14 79.5 |5.67 1620 |101.0
94 | 1620 | [54000] 12-14 95.5 | ‘¢ 1940 |122.0
95 | 930 | 16x62 813 53.5 |5.41 | 1180 | 68.0
96 | 1110 | [51100] 8-14 63.5 | ‘¢ 1400 | 81.0
97 | 1380 | 17x62 10-1% 79.5 |6.12 | 1760 |101.0
98 | 1680 | [58000) 12-14 095.5 | ¢ 2120 {1220




CONCRETE POCKET BOOK. - 9

PROPERTIES OF TEE BEAMS.

ROUND BARS SWARE BARS

Weight of Wit of
Widthand Bopth Cuble

Nember | B2 T him | Reistorcoment (US| et | Bosder | Steslper
Nomest | poigw Siab Fost of Vomeat | et
| | g | |
bun 0 Pomds | pyped or Syuare Useal g
Fest18s. | por Square lach @ oot |Fosthomnds| WL
201 | 4.4 4x74 2-1 1.8 | .21 5.6 2.3
202 | 6.9 [2760] 2-§ 2.7 “ 8.8 3.5
203| 98| 2-% 40| “ | 128 | 5.0
204 | 88| 6x9% 2§ 27| 40| 1| 385
205 | 10|« 43 37 | 142 | 45
206 | 12.7 | [4850] 2-4 4.0 | 16.0 | 5.0
207 | 17.4 “ 48 5.4 “ 22.2 7.0
208 | 26.2 ‘“ 4-4 7.9 ‘“ 32.0 | 10.0
209 | 20.7| 8x9% | 2-3;2-% | 95| .53 | 817 | 120
210 | 34.2 | [6470] +3 10.8 | 43,6 | 13.8
211 | 21.0 | exii 4+ 54| 48| 26.9 | 7.0
212 | 26.8 | [5580, 2-§; 2-% 6.7 | ¢ 32.8 8.6
213 | 30.3 ¢ 44 7.9 ¢ 38.8 | 10.0
214 | 36.8 ‘ 2-%; 2-% 9.5 ¢ 48.7 | 12.0
215 | 41.2 | s8xi1} +7 10.8 | .6+ | 83.0 | 13.8
216 | 41.5 “ 2-7; 2-1” | 12.4 | ¢ 61.0 | 15.8
217 | 64.0 | [7430] 4-1" 14.1 ‘e 69.0 | 18.0
218 | 61.0 “ 2-1"; 2-14 | 16.0 | 77.6 | 20.3
219 | 24.6 | 6x13} 4-§ 54| .36 | 31.6 7.0
220 | 30.1 ¢ 2-3; 2-% 6.7 “ 38.8 8.6
221 | 36.6 | [6300] 4-] 7.9 ¢ 46.6 | 10.0
222 | 42.0 “ 2-4; 93 | 95| ¢ 83.7 | 12.0
223 | 48.6 | 8x13} 47 10.8 { .75 | e62.0 | 13.8
224 |-86.0 | [8390] | 2-%; 2-1"| 12.4 “ 71.6 | 15.8
225 | 63.4 “ 1” 14.1 “ 81.0 | 18.0
226 | 71.8 | 10x13% | 2-1"; 2-13 [ 16.0 | .94 | 91.0 | 20.3
227 | 80.2 | [10500 413 17.8 ‘ 102.0 | 22,5
228 | 40.9 | 8xI6} 44 7.9 | .86 | 2.1 | 10.0
220 | 48.4 | [9840] | 2-3; 2% | 95| ¢ 61.6 | 12.0
230 | 66.8 ‘e 4 10.8 i 71.0 | 13.8
231 | 64.1 ¢ 2-%; 2-1" | 124 | 82.0 | 15.8
232 | 713.0 lomﬁ% 4-1” 14.1 | 1.08 93.0 18.9
y 2331 82,4 [12300] | 2-1"; 2-13116.0 [ ““ | 104.8 | 20.3

Use these beams, where the lumber ean be obtained in full sizes



MENSCH, THE REINFOROED

PROPERTIES OF TEE BEAMS.

MWD BARS SUNARE BARS

; Wolght of Welght of

Swmdiag | Widthand Dogth Stool por| WS | pageg | Stestpw
P L el B k- A AR i
a | 1| 0Pt uu_am St thet | 100 | S
Foet-s. | por Syeare loch " AR L

234 | 92.1| 10x16 413 17.8 | 1.08 | 117.0 | 22.5
235 | 10s.0| [12300] | 2-14; 2-13 | 20.0 | “¢ | 131.0 | 25,5
236 [ 114.0| 12x16% 4-1% 22.0 { 1.30 | 146.0 | 28.0
237 | 188.0| [14700] 6-1} 27.0 | ¢ ] 176.0 | 84.0
238 | 63.0| 8x17 4% 10.8 | .97 | s80.1 | 13.8
239 | 72.9| [10800 2-%; 2-1" | 12.4 ¢ 92.8 | 15.8
240 | 82.3| 10x17 4-1” 14.1 | 1.22 | 106.0 | 18.0
241 | 93.2| [13500] | 2-1”; 2-13 | 16.0 | *“ | 118.0 | 20.3
242 | 104.0 «* 4-1% 17.8 ‘ 132.86 | 22,5
243 | 116.0 ‘“ 2-1%; 2-1% | 20.0 ‘ 148.0 | 25.5
244 | 129.0| 12x17 4-1 22.0 | 1.46 | 164.0 | 28.0
245 | 186.0| [16200 6-1 27.0 | ¢ | 198.0 | 34.0
246 | 92.0| tox19 17 14.1 | 1.36 | 117.0 | 18.0
247 | 104.0| [14700] | 2-1”; 2-13 [ 16.0 | ¢ | 182.0 | 20.3
248 | 118.0 ‘“ 4-1% 17.8 “ 148.0 | 22.6
249 | 138.0 “* 6-1" 21.2 “ 177.0 | 27.0
250 | 130.0 “ 2-1%; 2-13 1 20.0 | ‘¢ | 186.0 | 25.5
251 | 166.0| 12x193 | 3-1"; 3-13 | 24.0 | 1.63 | 198.0 | 30.5
252 | 144.0 ‘“ 4-1% 22.0 ‘* 183.0 | 28.0
253 | 174.0| [17600] 6-1% 27.0 | ¢ | 221.0 | 34.0
254 | 193.0 ¢ 3-1%; 3-13 [ 29.7 | ¢ | 248.0 | 38.0
255 | 143.0] 10x213 | 2-14; 2-11 | 20.0 | 1.50 | 182.0 | 25.5
256 | 1562.0| [15900 6-1" 21.2 “* 193.0 | 27.0
257 | 168.0| 12x21% 4-1% 22.0 | 1.80 | 202.0 | 28.0
258 | 172.0 “ 3-1"7; 3-1% | 24.0 «* 218.0 | 30.5
259 | 192.0| [19100] 6-1% 27.0 “ 242.0 | 34.0
260 | 213.0 ¢ 3-14; 3-13 1 29.7 | ‘¢ | 274.0 | 38.0
261 | 188.0] 12x23} | 3-1”; 3-14 [ 24.0 | 1.96 | 240.0 | 30.5
262 | 210.0 [20500, 6-1% 27.0 ‘“ 1 286.0 | 34.0
263 | 233.0 ‘ 3-1%; 3-11 | 29.7 ‘“ | 300.0 | 38.0
264 | 269.0| 14x23 6-1% 33.0 | 2.30 | 330.0 | 42.0
265 | 282.0| [23900] | 3-1%; 3-13 [ 36.0 | ‘¢ | 366.0 | 46.5

"""e these beams, wherg the lumber can be obtained in full sizes,



CONCRETE POCKET BOOK. 11
PROPERTIES OF STEEL BEAMS.
Tooding
of por L o o w ot o
1 Foot | 16008 pounds | progy “': Foat | 10000 pousds | rraace
iaches | Pomds Stress tnches Ponds Sress | jaches
1008 FE. Lbs, Inches 1000 Ft. Ls.
3 5} 2.15| 2.33 3 4 1.47 | 141
‘“ 74 2.55 2.50 3 [ 1.60 | 1.51
4 7% 3.93 2.66 4 6.26 | 2.53 | 1.58
“ 10¢ 4.70 2.86 “ 6.26 2.80 | 1.65
[ 94 6.45 3.00
2 5 6.5 4.00 | 1.75
“i 8. 13 g;g “ | 9o | 467 | 189
8 12 9.8 .
8 174 11.70 3.56 g 8.0 5.73 | 1.92
, s 1000 | 366 1065 | 6.67 | 2.04
‘ 20 16.20 | 3.86 || 1 l:.;: g.% ggg
8 18 | 19.00 | 4.00 : : :
! 25 23.00 | 4.26 8 | 11.26 | 10.80 | 2.26
9 21 25.00 4.33 o 18.76 12.00 2.35
" 3 | 8340 476 || o | 305 | 1400 | 243
10 25 33.00 | 4.66 || “ | 15.0 | 15.10 | 2.47
" 40 . .
46.80 5.15 10 16.0 17.90 2.60
12 3;1} g% ggg “ | 20,0 | 20.90 | 2.74
. 86 | 8150 | 575 || 12 | 206 | 28.50 g.%
“ | 25.0 | 32.00 | 8.
18 42 | 75.00 1 5.50 || « | g9°g | 3590 | 3.17
60 110.00 6.17 ¢
80 138.m 6.63 s‘oo 39-80 3-29
18 56 | 119.00 | 6.00 16 | 33 55.60 | 3.40
70 | 146.00 | 6.50 || 16| 36 g{~gg g-g
90 | 176.00 | 7.08 vl a0 . .
20 | e | 157.00 | 6.25 4 66.70 | 3.63
" 80 187.00 6.75
' 100 218.00 7.03
W80 | 23400 | 7.00 || T et s
| el e |
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SECTIONAL AREAS OF ROUND BARS PER LINEAL

ALSO THEIR WEIGHTS PER SQUARE

i A SPACING IN INCHES
| wint
Jiwm| 4 6§ | 88 | 6 | 64 7%
, .149 .u9| .i08| .oss| .09 078
i oas g 83| 57| 53| .48 42
4| - 1.26 1.00 | 91| .83 | .77 .67
.230 .184| .168| .164| .142 123
S| 071 o 98| 89| 82| .75 63
16| - 1.93 1.55 | 1.42 | 1.30 | 1.20 1.04
3 1o .332 .266| .242| .222| .206 A7
=1 35| 176 1.41 | 1.28 | 1.18 | 1.09 O
8 2.80 2.23 | 2.04 | 1.87 | 1.73 1.49
7 160 .460 .362] .330| .300| .278 .241
< syl 238 1.92 | 1.75 | 1.60 | 1.48 1.28
16| - 3.80 3.05 | 2.78 | 2.52 | 2.34 2.03
l 196 .690 471 .430( .394| .363 111
- ee7| 318 2.50 | 2.28 | 2.09 | 1.93 1.67
2| - 4,95 3.96 | 3.62 | 3.31 | 3.05 2.65
5 306 920 .736| .670| .613| .5666 .490
= | oes| 487 3.90 | 3.55 | 3.25 | 3.00 2.60
8 " 7.72 6.18 | 5.62 | 5.16 | 4.75 4.12
3 442 1.32 1.06 .966( .884| .817|] .768| .708
= |52/ 7-00 5.62 | 5.10 | 4.68 | 4.33 | 4.00 | 3.7
41 '-°%“111.10 8.91 | 8.10 | 7.41 | 6.86 | 6.36 | 5.95
7 601 1.81 1.46 1.32 1.21 [N 1.03 .964
= 2 044l 9-60 77 |70 |64 |59 |55 |5.1
8 ="*15.20 12.20 (11.10 [10.20 | 9.30 | 8.70 | 8.10
188 2.36 1.89 1.72 1.67 1.46 1.36 1.26
1| 2 g67(12:50 10.00 | 9.10 | 8.30 | 7.70 | 7.15 | 6.70
-9%719.80 15.90 [14.50 [13.20 [12.20 [11.40 {10.60

The black figures denote the areas. Directly below are the
weights in simple, continuous slabs including overlaps and
extra rods over supports, except longitudinal reinforcement,
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FOOT OF SLAB IF SPACED FROM 4 TO 12” C. C;
FOOT IN SIMPLE AND SQUARE SLABS.

i SPACING IN INCNES
F
il 8 8 | 9 9y | 10 | 104 | 11 | 11} | 12
l .074( .070( .066| .063| .060| .067| .064| .062| .049
= .4 871 .35 83 82| 30| .20 .28 .26
4| 62| 59| 56| 53| 51| .48 | .46 | 44| .41
5 L1116 .108] .102( .097( .092 .088; .084( .080| .077
2 61| 57| 54| 32| 49| 47| 45| 43| .41
16| .97 | .91 86 | .82 | .77 | 74| 71| 67| .65
3 .166| .166] .148! .140| .133| .126| .120( .ii6]| .tl1O
=) 88| 88| .79 | .75 | .71 | .67 | .64 .61 | .59
8)1.40 |1.31 {1.25 [ 1.18 | 1.12 [ 1.06 | 1.01 | .97 | .93
7 .226| .212| .200| .190| .i180| .172| .164| .1B7| .1BO
<4120 112106 |1.01 | 96| .91 | .87 | .83 | .80
16{1.90 | 1.78 [ 1.68 | 1.60 | 1.52 | 1.45 | 1.38 | 1.32 | 1.26
1 .296| .277| .262]| .248| .236( .226) .214| .206| .196
= 1.57 | 1.47 | 1.39 | 1.32 {1.25 { 1.20 | 1.14 | 1.09 | 1.04
2(2.48 | 233|221 |2.09|1.98 |1.89 |1.80 | 1.73 | 1.65
.460| .433| .410| .387| .367| .360| .3356| .320( .306
5
21244 {230 [2.17 [ 2.05 [ 1.95 | 1.85 | 1.78 | 1.70 | 1.62
8(3.86 | 3.65 | 3.45 | 3.26 | 3.09 | 2.95 | 2.82 | 2.69 | 2.57
3 .662| .623| .5690( .669| .530| .606| .481| .460| .442
=350 |3.30 |3.13 | 2.95 | 2.81 | 2.68 | 2.55 | 2.44 | 2.35
4|5.57 | 5.25 | 4.96 | 4.70 | 4.45 | 4.25 | 4.05 | 3.87 | 3.71
7 .904| .860| .800( .760| .720| .686| .666( .630| .60l
<148 |45 |4.25|4.03 382|363 ]|8348|3.31]3.20
817.60 |7.15 | 6.72 | 6.40 | 6.05 | 5.75 | 5.50 | 5.30 | 5.05
1.18 | 1.1} 1.06 .990| .940| .900( .866( .820| .786
11625 |5.90 | 5.60 | 5.25 | 5.00 | 4.76 | 4.53 | 4.35 | 4.15
9.92 | 9.32 | 8.80 | 8.32 | 7.90 | 7.57 | 7.20 | 6.90 | 6.60

. which weigh in slabs 3", 314", 47,
18, .21, .24,

pounds per sq. foot

414 n’ 511’ 51 n, 6” thick,

21,

3,

.33, .36

' The figures in the third line denote the weights of steel per

~N
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MENSCH, THE REINFORCED

SECTIONAL AREAS OF SQUARE BARS PER LINEA
ALSO THEIR WEIGHTS PER SQUABRI

i Ares SPACING 1 INCRES
Jlrowl s la]s|s]e|a|r]|n
.190| .167| .160| .137] .128| .116| .107 A0
082 or | lss'| lso| 73| 86 | .63 | .57 | .53
4 - 1.60 | 1.40 | 1.26 | 1.15 |1.05 | .98 | .90 | .84
5 098 .290 260 .233| .212| .196| .180| .168| .16¢
S 333|164 [1.38 | 124 | 112 | 1.04 | .96 | .89 | .8
16| - 2.45 | 2.18 [ 1.96 | 1.78 | 1.64 | 1.51 | 1.41 | 1.30
3 140 .422| .,378| .340{ .308]| .281| .260| .240| .226
=~ 478|224 2.00 | 1.80 | 1.63 | 1.49 | 1.38 | 1.27 | 1.20
8 - 3.55 | 3.15 | 2.85 | 2.60 | 2.36 | 2.18 | 2.02 | 1.89
7 191 .874| .6l0| .450] .418| .382| .366| .327 .308
=~ ‘eg1] 305 [2.70 | 2.44 | 2.21 (2.02 | 1.88 | .78 | 1.62
16| - 4.85 | 4.30 | 3.80 | 3.50 | 3.20 | 8.00 | 2.75 | 2.56
1 260 .760{ .670{ .600| .546| .800; .462| .430]| .40
< ggo| 3-97 |3.55 | 3.18 | 2.88 | 2.65 | 2.45 | 2.28 | 2.12
2| - 6.30 | 5.62 | 5.03 | 4.60 | 4.20 | 3.90 | 3.62 | 3.3¢
5 390 1.172] 1.04 .94 .86 .781| .722| .670 .62¢
= |33g| 6:20 | 5.51 | 4.98 [ 4.50 | 4.15 | 3.82 | 3.55 | 3.31
8" 9.86 | 8.75 | 7.90.{ 7.13 | 6.57 | 6.10 | 5.62 | 5.25
3 562 1.687| 1.50 | 1.36 | 1.23 | 1.12 | 1.04 .97 .90(
=1 1913|895 | 7.95 | 7.15 | .51 | 5.95 | 5.51 | 5.12 | 4.7
4| "°"%114.20 {12.60 [11.40 [10.40 | 9.40 | 8.75 | 8.14 | 7.55
7 766 2.297| 2.04 | 1.82 | 1.67 | 1.63 | 1.40 | 1.31 1.22
1 2.603|12-20 [10.80 | 9.66 | 8.85 | 8.10 | 7.43 | 6.95 | 6.4
8| “°%%19.30 {17.20 {15.30 [14.00 [12.90 {11.80 [11.0 [10.3
1.00 3.000( 2.67 | 2.40 | 2.18 { 2.00 | 1.86 | 1.72 1.60
1| 3.400[15-90 [14.20 [12.72 111,60 [10.60 | 9.80 | 9.11 | 8.49
-#0%125.20 {22.50 [20.20 [18.40 {16.80 [15.60 [14.50 [18.50

5q. ft. in square slabs including overlaps. 'Bhe theoretica
weight per sq. ft. is obtained by multiplying the areas b
3.4. On account of overlaps and the rods over the sup
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FOOT OF SLAB, IF SPACED FROM 4 TO 12” C. O;
FOOT IN SIMPLE AND SQUARE SLABS.

i SPACING IN INCNES
g 8 8 | 9 9 | 10 | 104 [ 11 | 11} | 12
l .095 .089| .083| .079| .078| .071| .068{ .06G| .062
—1 50| 47| 44| 42| 40| .38 .36 .35 | .33
4| 78| .75 0] 66| 63| 60| 57| .55 | .52
5 146 .138| .130| .124| -.118| .i11} .106| .102| .098
>4 77| 13| 69| .66 | .63 | .59 | .56 | .54 | .52
16| 1.22 |1.16 [1.10 [1.04 | .99 | .94 | .90 | .86 | .82
3 2100 .198| .i88| .178| .170| .l160| .i64| .146]| .41
21112 (105|100 95| .90 | .85 | .82 | .78 | .75
8|1.77 | 1.67 | 1.58 | 1.50 | 1.43 [ 1.35 | 1.30 { 1.23 | 1.19
7 .286| .270| .266| .242| .230| .219| .209( .200| .19}
L0152 143|135 |1.28 [1.22 | 1.16 | 1.11 | 1.06 | 1.01
16| 2.40 | 2.27 | 2.15 | 2.05 | 1.94 | 1.84 | 1.76 | 1.68 | 1.61
l .376| .383| .333{ .316] .300| .286| .273] .261| .260
<4199 |1.87 |1.76 |1.68 | 1.59 | 1.51 | 1.44 | 1.39 | 1.33
2|3.15 | 297|280 | 2.65 | 2.52 | 2.40 | 2.30 | 2.20 | 2.10
.686| .660| .520| .493]| .470| .445| .428 .408| .391
5
21310 [2.93 |2.76 | 2.61 | 2.49 | 2.36 | 2.26 | 2.16 | 2.07
8492 [4.62 |4.37|4.15 | 3.95 [ 3.74 | 3.60 | 3.42 | 3.30
3 .860| .790| .760| .710{ .670| .640| .613| .590; .663
1450 | 4.18 | 3.98 | 3.76 | 3.55 | 3.39 | 3.25 | 3.13 | 2.98
4713 | 6.62 | 6.30 | 5.96 | 5.62 | 5.38 | 5.15 | 4.95 | 4.73
7 1.16 | 1.08 | 1.02 .960| .910( .860| .830| .796| .766
~£16.10 | 5.72 | 5.41 | 5.09 | 4.82 | 4.56 | 4.40 | 4.21 | 4.06
819.70 | 9.10 | 8.60 | 8.10 | 7.65 | 7.20 | 7.0 | 6.70 | 6.40
1.60 | 1.41 1.33 | 1.260] 1.20 | 1.14 | 1.09 | 1.04 | 1.000
1[7.9 | 7.50 | 7.05 | 6.69 | 6.37 | 6.04 | 5.80 | 5.51 | 5.32
12.60 [11.80 (11.20 [10.60 {10.10 | 9.60 | 9.20 | 8.80 | 8.40

ports, this dvefficient

increases to 5.3 in simple continuous
slabs and on account of overlaps and rods running in tw-
directions to 8.4 in square slabs.
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SATE BENDING MOMENTS IN FOOT-POUNDS PER
PERCENTAGE OF STEEL VARYING FROM

MENSCH, THE REINFORCED

THICKNESS OF SLABS IN INCHES AMD FEET

2" | 24" 3" 34 4"
(167 208 [.25 [.2021 [.333')
Donding | Sec- | Bondag | Sec- | Bondiag | Sec- | Dending | Sec- | Bomding | Sec-
Moment | tiosal | Momoent | tional | Moment | tiomal | Moment | tional | Moment | tienal
FootLhs. [ Area |Footlbs.| Arcs |FootlLbs. | Area |FootLhs. | Area |Feetibs. | Arsa
200| .06 316| .0756 440| .09 600 .105 800 .120
220 .072 340( .090| 470| .108 640| .126 860 .144
240| .084 366| .105 600| .126 680 .147 900 .168
260| .096 390| .120 630| .144 720| .168 960 .192
280 .108 416 .135 660| .162 760| .189| 1000| .216
300( .120| 440 .150| ©690( .180| 800| .210| 1060| .240
320| .132| 466| .165( 620( .198| 840( .231| 1100| .264
340 .148 490( .180 660| .216] 880| .252| 1160( .288
360| .160| 616| .195| 680 .234| 20| .273| 1200/ .312
380| .172| 640| .210| 710 .252| 960! .294| 1260| .336
400| .184| 665| .225| 740 .270| t1o000| .315| 1300| .360
420| .196 590| .240 770| .288| 1040| .336| 1360| .384
440 .208 816| .255 800| .306| 1080| .357| 1400| .408
460| .220| 640( .270| 830| .324| 1120| .378| 1450] .432
480| .232| 666| .285| 860/ .342| 1160] .399| 1600| .456
600 .240 690| .300 890| .360| 1200| .420( 1660| .480
820| .256 716| .315 920| .378| 1230| .441| 1600] .504
640| .268 740 .330 960| .396| 1270 .462| 1660| .528
660| .280 766| .345 980| .414| 1300| .482 1700| .552
680/ .292 790{ .360| 1010| .432( 1336( .504| 1760| .576
600| .304 816| .375| 1040| .450( 1370} .525( 1800| .600
The area of steel is for a width of one foot. The spuces

note the percentages of %, % and 19 of reinforcing. As
amiversal rule it will be found that the cheapest construc-
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SLABS, IF REINFORCED BY A
Y, TO 11,% IN INCREMENTS OF 1/20%.

43"
[.375

']

5'

[.4171]

54"
[.458

'l

6.

[.5001

64
[.5421]

Bendiag
Moment
Fost Lbs.

Soe-
tonal
Ana

Bondiag
Momat
Foot Lbs.

Sne-
Hosal

Bending
Mamest
Font Lbs.

Sne-
tional
Ares

Seaiiag
Nemest
Fout Lis.

Deadig | Soc-
Momest | tional
Fost lbs. | Area

1000
1080
1160
1240
1320
1400

1480
18660
1640
1720
1800

1860
1940
2020
2100
2180

2260
2340
2420
2600
2680

135
.162
.189
.216
.243
.270

2297
324
.361
.378
.405

432
.459
486
513
.540

567
594
.621
.648
.675

1300 .
1400 .
1600] .
1600} .
1700| .
1800 .

1900 .
2000 .
2100 .
2200 .
2300 .

2400
2600
2600
2700
2800

2900
3000
3100
3200
3300

480
.510
.540
570
.600

.630
.660
.690
.720
.750

1600
1720
1840

1960/ .

2080
2200

2320 .

2440
2660
2680
2800

2920
3040

3160| .
3280 .
3400 .

3520
3640
3760
3880
4000

.165
.198
.231

207
.330

396
.429
462
.495

.528
.561

.693
726
759
792
.825

1800
1960
2100

2260 .

2400

2660 .

2700
2860
3000
3160
3300

3460
3600
3760
3900
4060

4200
4360
4800
4660
4800

.180
.216
.252

324

.396
432
.468
504
540

.576
612
.648
.684
.720

.756
792
.828
.864
-900

2200| .195
2370 .234
2640 .273
2710| .312
2880| .351
3060| .390

3220 .429
3390| .468
3660| .507
3730| .546
3900 .585

4070 .624
4240| .663
4410] .702
4680 .741
4760| .780

4920 .819
5090 .858
8260( .897
65430/ .936
6600| .975

tion is obtained, if the percentage of reinforcement is 34 to
149%. For the proper steel rods, spacing and weights, se
preceding pages.
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SAFE BENDING MOMENTS IN FOOT-POUNDS
PERCENTAGES OF STEEL VARYING FROM

MENSCH, THE REINFORCED

THICKNESS OF SLABS IN INCHES AND FEET

7I
[.5831

74
[.625')

o

8'
(667

9'
[.750]

Dendieg
Moment

Fout Lbs, | force-

Dendieg
Moment
Foot Lbs.

See-
tienal
Area

Bending
Moment
Foot Lbs.

Se¢-
tiosal
Arst

Bonding
Moment

Foot Lbs.

Sec-
tienal
Arsa

Bonding | Sec-

Footlhs. | Area

2600 .
2700] .
2900 .
3100] .
3300 .
36001 .

3700] .
3900 .
4100( .
43001 .
4600/ .

4700 .
4900| .
6100 .
6300 .
6600 .

6700
6900
6100
6300
65600

.882
924
.966
1.008
1.050

2800
3030
3260
3490
3720
3960

4180
4410
4640
4870
6100

5330
6660
65790
6020
6260

6480
6710
68940
7170
7400

225
270
315
.360
.405
.450

.495
540
885
.630

.675

720
.765
810

.855
.900

945
.990
1.035
1.080
1.125

3200

3980
4240

4760

6840 .

7100

7360

7880

3460 .
3720] .

4500 .

6020 .
6280 .
6640/ .
5800 .

6060 .
6320 .

7620|1.

8i140]1.
8400(1.

240

4200
4520
4840
6160
5480
5800

8120
8440
6760
7080
7400

7720
8040
8360
8680
9000

9320
9640
9960
10280
10600

.270
.324
378
432
.486
540

594
.648
.702
756
.810

.864
918
972
1.026
1.080

1.134
1.188
1.242
1.296
1.350

5000| .30
6400 .36
5800 .42
6200| .48
6600| .54
7000| .60

7400 .66
7800 .72
8200 .78
8600 .84
8000 .90

9400
9800]1.
102001(1.
10600|1.
11000(1.

114001,
11800 |1.
12200 1.
12600 1.
13000 1.

apinlk BT2RR

The area of steel is for a width of one foot.

The spaces

denote the percentages of 14, 3% and 1% of reinforcing.
The weight of the steel per square foot is found in case of
quare slabs by multiplying the area of steel by 8.4; for

|

|
|
|
1
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PER LINEAL FOOT OF SLABS REINFORCED BY
Y% TO 1Y% IN INCREMENTS OF 1/20%.

TIRCKNESS OF SLABS [N INCNES AN FEET

11° 12 15 16 18"
[.o171 [1.007 [1.25 [1.331 {1.50']

Momost | Sosal | Moment | tesal | Moment | tiesal | Momost | tisssl | Memest | tisssl
Footlhs | Aron |Footibs.| Area |Festlbs. | Area |Festlbs. | Area |Festids. | Arez

6100| .330( 7200| .360( 12000( .45 | 13000 .480] 17000| .540
6600 .396| 7800 .432| 12900( .54 | 14000| .576| 18300| .68
7100| .462| 8400( .504| 13800 .63 | 16000| .672| 19600| .750
7600| .528| 9000 .576| 14700} .72 | 16000| .768| 20900 .86+
8100| .594( 9600 .648| 16600( .81 | 17000| .864| 22200| .972
8600 .660( 10200| .720( 16500| .90 | 18000 .960| 23600(1.080
9100 .726( 10800 .792| 17400| .99 | 19000 (1.056 | 24800]1.188
9600 .792| 11400| .864( 18300(1.08 | 20000(1.152( 26100{1.296
10100 .858( 12000| .956| 19200(1.17 |21000(1.248| 27400|1.404
10600| .924| 12600(1.008( 20100(1.26 | 22000(1.344| 28700|1.512
11100 .990| 13200(1.080| 210001.35 | 23000/1.440| 30000|1.620
11800(1.056| 13800(1.152| 21800 (1.44 | 24000(1.536| 31300(1.728
12100(1.122| 14400(1.224| 22800|1.53 | 26000(1.632| 32600 (1.836
12600/1.188( 15000|1.296| 23700 (1.62 | 26000(1.728| 33900 (1.944
13100(1.254| 16600(1.368| 24600{1.71 | 27000(1.824| 356200(2.052
13600{1.320| 16200 |1.440| 266001.80 | 28000 (1.920| 36800 |2.160
14100(1.386| 16800 (1.512| 2640011.89 | 29000 (2.016| 37800 /2.268
14600|1.452| 17400(1.584| 27300(1.98 | 30000(2.112( 39100(2.376
16100(1.518| 18000/1.656| 28200(2.07 | 31000 |2.208 | 40400 (2,484
16600(1.584 | 18600(1.728 29100 2.16 | 32000 |2.304| 41700(2.592
16100 (1.650| 1920011.800( 30000 /2.25 | 33000 2.400 | 43000 |2.700

continuous simple slabs by multiplying the area of steel by
5.3 and adding the weight of longitudinal reinforecement; th
latter should not be less than 14%. The proper steel roc
spacing and weights will be found on pages 12 to 15.



20 MENSCH, THE REINFORCED

SATE BENDING MOMENTS IN FOOT-POUNDS ON
SLABS PER LINEAL FOOT IF REINFORCED
BY 1Y TO 1.0% OF STEEL.

20" 22" 24" 27" 30"
[1.67] [1.8337 | [2.00 [2.251 [2.50']
Bondiag | Soc- | Bondiag | Soc- | Bonding | Sec- | Bending | Sec- | Bonding | Sec-
Momont | tiosal | Moment | tional | Momoent | tionsl | Mamest | tissal | Moment | tiemal
Fout Lbs.| Area [Fostlbs. | Area |Footlbs. | Area |Festibs. | Area |Footlhs. | Area
20000| .60 | 26000 .660| 29000! .72 | 36600 .810| 46000| .90
21600| .72 | 27000| .792| 31300 .864| 39400| .972| 48600| 1.08
23200| .84 | 29000| .924| 33600(1.008| 42300/1.134| 62000| 1.26
24800 .96 | 31000(1.056 | 36900(1.152| 46200(1.296( 66600| 1.44
26400(1.08 | 33000(1.188| 38200 1.29G| 48100 (1.458| 69000| 1.62
28000 (1.20 | 35000(1.320| 40600(1.440| 61000(1.620| 62600 1.80
29600(1.32 | 37000(1.452| 42800 [1.58+4| 53900 (1.782| 66000 | 1.98
31200(1.44 | 39000/1.584| 46100(1.728| 66800(1.944| 69600| 2.16
32800(1.56 | 41000(1.716| 47400/1.872| 69700/2.106| 73000 2.34
34400(1.68 | 43000(1.848| 49600 |2.010| 62600 [2.268| 76600 2.52
36000(1.80 | 45000/1.980( 61900 2.160| 66500 |2.430| 80000 | 2.70
36600(1.92 | 47000/2.112| 64200 (2.304| 68400 (2.592| 83600 | 2.88
36200(2.04 | 49000 (2.244| 66600 [2.448| 71300 (2.754| 87000| 3.06
36800(2.20 | 51000|2.376) 68800 [2.592| 74200 (2.916| 90500 | 3.24
37400(2.30 | 63000|2.508( 61100(2.736| 77100|3.078| 94000| 3.42
38000|2.40 | 66000 2.640) 63400 [2.880| 80000 [3.240| 97600| 3.60

For any other thickness of slab or other percentage of re-
inforcement, use the formula: Moment in foot-pounds per
lineal foot of slab=coefficientXt2, when t thickness of slab
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SAFTE BENDING MOMENTS IN 1000 FOOT-POUNDS
ON SLABS PER LINEAL FOOT IF REINFORCED
BY THE MINIMUM PEROENTAGE OF Y%
AND SOME HIGHER PERCENTAGES.

Thickness | Momont | Arsa of || Thickness | Moment | Areasf || Thickwess| Mamest | Arsaef
of Slab 1] Steel por || of Slab | ] Stesl por | of Slab ] Steel por
Ininches [ 1000 Lineal || lnisches | 1000 Linsal || inlinches | 1000 Lineal
and Foot | Foutlhs. | Foot and Foot | Foot Lbs. | Foet ond Foot | Foot Lbs. | Foet

66 | 108 gor | '80] 180 144" | 1030 432

36" 76| 1510 o) §:§ 3.60 || (12') | 1450] 8.6+
(3") '!:; g})g 7.20 16,8” 1410 5.04
tes | 3301 ee” | 2'7 1.98 || (14’) | 1970 10.08

N (5.5") 306 | 3.96 | 192" | 1840 5.76

80 | .20\ 478 | 7.92 || (16')| 2870 11.52

40 93 | 1.68( 72" | 269 | 2.16 || 216" | 2330| 6.48
(3.33y| 12| 2.401] (6') | 363 | 4.32 | (18") | 3260 12.96
’ 144 | 3.60 \("787 [~ 304 | 2.34 || 240" [ 2870 7.20
176 | 4.80 | (6.5')| 425 | 4.68 | (20") | 4030 14.40

gs | 1.26| 84" 363 | 2.52 | 288" | 4140| 8.64

g'gj o2 | 1761 (7')| 493 | 5.04 (24') | 8800 17.28
(35 123 | 252 90" |40 | 2.70 | 336" | 6640 10.08
v | 101 | 13 (7.5')| ©67 | 5.40 || (28') | 7900 20.16
@375y 117 | 1.89| 967 | 461 | 2.88 | 384”| 7380 11.52
. 142 | 2.70 || (8) | 48 | 5.76 || (32') | 10300 23.04
e | 144 (180§,”) 520 2'(1)(25 gﬁg" 9350 | 12.96

48” | 134 | 2.02 || (8. 729 | 6. )| 13100 | 25.92
(4) | 161 | 2.88 | 108" | 882 | 3.24 || 480" | 11600 | 14.4
263 | 5.76 | (9')| 817 | 6.48 | (40')|16100| 28.8

146 |- 1.62 120" 720 3.60 || 540” | 14600 | 16.20

54" | 169 | 2.27 || (10') | 1010 | 7.20 || (45') | 20400 | 32.4
(4.5)] 204 | 3.24||132" | 870 | 3.96 || 600" | 18000 | 18.0
320 | 6.48 ] (11') | 1220 | 7.92 !l (50") | 26200 | 36.0

in inches. For values of coefficients see explanation of Slab
Tables. For 4%, %% and 3% coefficient=>50, 70 and 90,
respectively.
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BENDING MOMENTS IN FOOT-POUNDS IN SIMPLE
LOADED WITH A TOTAL LOAD FROM

SPAN N FEET

Total Lead
re Fost

4 5 |5'6"| 6 (6’6" 7 (7’6" 8 |86

30| 48 75 91| 108 | 127 | 147 | 169 7
too| 160{ 250 | 303 | 360 | 423 | 490 560 | 640 23
1o 176 | 275 333 | 396 | 465| 539 | 620 704 | 795
120 192 | 800 | 363 | 432 508 | 588 | 676 | 768 | 868
130 208 | 325| 394 | 468 | 550 | 637 | 732 | 832| 940
140 224 | 350 | 424 504 | 592 | 686 | 788 | 896 | 1012
160 240 | 375 | 454 | 540 | 634 | 735 | 845 | 960 | 1084

160 256 | 400 | 484 | 576 | 671 | 784 | 900 | 1024 | 1157
170{ 272| 425 | 514 | 612| 719 | 833 | 958 | 1088 | 1230
180 288 | 450 | 545| 648 | 761 | 882 | 1014 [ 1152 | 1300
190 304 | 475 ( 575 | 684 | 803 | 931 | 1070 | 1216 | 1373
200 320| 500 605 | 720 | 845 | 980 | 1125 | 1280 | 1445

226 360/ 563 | 681 | 810 | 952 | 1100 | 1270 | 1440 | 1630
260| 400 625 | 757 | 900 [ 1058 | 1230 | 1410 | 1600 | 1810
275| 440 | 683 | 832 | 990 | 1164 | 1350 | 1550 | 1760 | 1990
300/ 480 | 750 | 908 | 10: 1268 | 1470 | 1690 | 1920 | 2168

360 560 | 875 | 1060 | 1260 | 1480 | 1720 | 1970 | 2240 | 2530
400 640 ) 1000 | 1210 | 1440 | 1690 | 1960 | 2250 | 2560 | 2890
600 800 & 1250 { 1512 | 1800 | 2115 | 2450 | 2820 | 3200 | 3620
600 960 | 1500 | 1815 | 2160 | 2540 | 2940 | 3370 | 3840 | 4340

700| 1120 } 1750 | 2118 | 2520 | 2960 | 3430 | 3940 | 4480 | 5050
800 | 1280 | 2000 | 2420 | 2880 | 3380 | 3920 | 4500 | 5120 | 5730
900 | 1440 | 2250 | 2722 | 3240 | 3800 | 4410 | 5060 ;

1000 1600 | 2500 | 3025 | 3600 | 4225 | 4900 | 5625 | 6400 | 7225

2
- The bending moments are figured by the formula g:_o
when p total load per square foot, 1 clear span in feet.
For glabs freely supported, the bending moments inerease
by 25%. This table can also be used for finding the bending
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SLABS PER LINEAL FOOT OF SLAB, IF UNIFORMLY
30 TO 1000 LBS. PER SQUARE FOOT.

SPAN IN FEET

10'6"

11'¢”

12

12’ 6”

13

30| 243
00| 810
1o| 891
120| 972
130 1053
140 1134
160 1215

160| 1296
170 1377

190 1539
200 1620

225 1821

276 2"20

2260
2480
2710

3160
3610
4510
5410
6310

7210
8110

9025

10000

332
1103
1213
1324
1434
1544
1654

1764
1875

3860
4410
5510
6610

7710
8820
9920
11025

4240
4840
6050
7260

8470
9680
10890
12100

397
1320
1460
1590
1720
1850
1990

2120
2250
2380
2520
2650

2980
3320
3640
3970

4630
5290
6610
7930

9260
10590
11900
13225

432

1584
1728
1872
2016
2160

2448
2592
2736
2880

3240
3600

4320
5020

10080
11520
12960

14400

468
1560
1720
1880
2030
2190
2340

2500
2660
2820
2970
3130

3520
3910
4300
4680

5480
6250
7800
9380
10940
12500
14060
15625

508
1690
1860
2030
2200
2370
2540

2710
2880
3040
3220
3380

3810
4220
4650
5080

5920
6780
8450
10140
11800
13520
15210
16900

moments in beams and girders in substituting for the load per
square foot, the total load per lineal foot of the beam or

girder,
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BENDING

MENSCH, THE REINFORCED

MOMENTS IN FOOT-POUNDS IN SIMPLE .
LOADED WITH A TOTAL LOAD OF

X3
1
Ex

144

15

173

30
100
110
120
130
140
160

160
170
180
190
200

226
260
276
300

360
400
500

600

700
800

900

1000

6390
7300
9110
10920

12780
14600
16400
18225

630
2100
2310
2520
2730
2940
3150

3360
3570
3780
3910
4200

4725
9250

5775
6300

7350
8400
10500
12600

14700
16800
18900
21000

675
2470

20250

12000
14400

16800
19200
21600
24000

9520
10900
13600
16300

19100
21800
24500
27200

4910

5780

23100
26000

3070
3680

3990
4300

4900
5200

5810
6110

18400

21500
24500

27500

28900‘30500

The bending moments are figured by the formula
To find the proper thickness of slab and the reinforcement
required, see pages 16 to 21. The cheapest slab is thut, which

10
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SLABS PER LINEAL FOOT OF SLAB,
30 TO 1000 LBS. PER SQUARE FOOT.

25

IF UNIFORMLY

§i!

19

22

25

30
100
110
120
130
140
160

160
170
180
190
200

226
260
276
300

360
400
800
600

700
800

1000

9720

11300
13000
16200

5150

13700
17100

19440 20500

22700
25900

24000
27400

29200 | 30800

32400

34300

1080
3610
3970
4350

4700
5410

5780
6150

7220

8120
9120
9900
10800

12600
14400
18100
21600

25300
28800
32400
36100

39700
44100

1450
4840
5320
5800
6280
6750
7250

7720
8220
8700
9200
9680

10900
12100
13300
14500

17000
19400
24200
29000

33800
38800
43500
48400

9520
10080
10600

11900
13250
14650
15900

18500
21200
26500
31800

37000
42300
47600
52900

46100
51900
57600

1870
6250
6880
7500
8110
8750
9350

10000
10600
11200
11800
12500

14000
15600
17200
18700

21800
25000
31300
37500

43600
49900
56100
62500

is reinforced by 14 to 14%; only, if the cost of steel is very
low in comparison with that of concrete, a slab reinforced
by %% may prove the cheapest slab.
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BENDING MOMENTS IN FEET-POUNDS IN SQUARE
MAIN DIRECTIONS, IF UNIFORMLY LOADED

SPAN IN FEET

Total Lead
Per  Sqmare Fost

7%

100
110
120
130
140
160

160
170
180
180
200

226
260
278
300

350
400
500
600

‘700
800
900

1000

106
113
120
127
133

150
167

200
233

1200
1350
1500

1060

1230
1410
1580
1760

326

510
562
612

714
816
1020
1230

1430
1630
1840

375

527

702

820
935
1170
1410

1640
1870
2110
2350

1070

1870
2130

2670

1210
1510
1810

2110
2420
2720
3020

101] 113
338| 376
372| 415
440| 490
473| 528
501 564
540| 601
608| 678
675| 754
760| 845

93011040
1010|1130

118011320
13501510
1690 | 1880
2020 | 2260

237012630
270013020

3380 3760

2

The bending moments are figured by the formula '—'213-
when p the total load per square foot and 1 clear span in feet.
“here the slabs are not exactly square, but do not vary in
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SLABS, PER LINEAL FOOT OF SLAB IN BOTH
WITH 30 TO 1000 POUNDS PER SQUARE FOOT.

3 SPAN IN FEET

3.

z%

=%/ 10|108) 11 |114| 12 123 | 13 | 135 | 14 |14} | 15
30 195) 212| 228| 245 263| 281
100 652 704| 760| 815| 875| 937
110 7181 775] 835| 900| 9651030
120 782 845| 915| 980!1050]|1130
130 848 915 990|1060({1140(1220
140 915 988]1070]1140(1230(1310
160 97811060(1140)1220(1320( 1410
160 1040|1130(1220{1310|1410| 1500
170 111012001290 1390|1490 | 1590
180 1170 1270] 1370 [ 1470|1580 | 1690
190 124011340| 14401550 1670|1780
200 1300 | 1410{1520| 1630|1750 | 1870
2256 1470|159011710]1840{ 19702110
250 1630]1760|1900| 2050|2190 2350
276 1790 (194012090 | 2250 [ 2420 | 2580
300 195021202280 | 2450 | 2640 | 2820
350 2280124702660 | 285013070 | 3280
400 261028203050 [ 3260 3520|3750
500 325013520 | 3800 | 4080 | 4390|4700
600 3910|4230 | 4560 | 4900 | 5260 | 5620
700 457014940 (5320 | 5700 6130 | 6550
800 52105620 [ 6080 | 6520]7010| 7500
900 5880 6350|6840 | 7340|7900 | 8450
1000 6510|7040 7600 | 8150 | 87509370

length to width more than the ratio 1:1.333, we substitute for
| the mean of the two sides. For proper slabs and reinforc-
ing, see pages 12 to 19. In freely supported slabs the moments

increase 25%.
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MENSCH, THE REINFORCED

BENDING MOMENTS IN FOOT-POUNDS IN SQUARE
SLABS PER LINEAL FOOT OF SLAB IN EACH
DIRECTION, IF UNIFORMLY LOADED WITH 30 TO
1000 LBS. PER SQUARE FOOT. '

164

19

25

30
100
1o
120
130
140
160

180
170
180
190
200

226
260
276
300

350
400
600
600

700
800
900
1000

9650
10700

1130
1250

1470
1590
1700

1810
1930

2150
2260
2550
2830
3110

11300

453
1510

1810
1960
2110
2260

2420
2570
2720

783
2610
2870
314()

3650

9110

15700
18300

23500
26100
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30 MENSCH, THE REINFORCED

THICKNESS AND AREA OF REINFORCING

Lead on Grossd
mhimgm 3000 | 4000 | 5000 | 6000 | 8000 | 10000

Doding | Bendig | Deedng | Besdig | Bowing | Dending
Projection | Mowest | Momest | Momest | Mewost | Momest | Momest

In Fest Thickness | Thickeass | Thickness | Thickness | Thickness | Thickmess
Area of Steol | Arsa of Stesi | Area of Stesl | Area of Stool | Area of Stesl | Area of Steel

1500 2000 2500 3000 4000 5000

l I_oll s!l 8” ! sll 9!’ IO” l 2”
18 .20 } .20 .30 .30 .30
2350 | 3140 | 3930 | 4720 6280 7830
1'-3" 8” 9” 10” 12" 12" 12”
.20 .30 .30 .30 .36 .35
3370 | 4500 | 5620 | 6730 | 9000 | 11300
l I_GII 9!/ Izll Izll I 2!{ l"” I 5”
.30 .30 .36 .40 40 .50
4600 | 6140 | 7680 | 9210 12300 | 15400
1'-9” 12" 12" 12" 14" 16” 18"

.30 .36 .55 .40 .50 .50

6000 8000 10000 | 12000 | 16000 | 20000

2'-0" 12” 13" 147 16” 18" 20"
W .36 .40 .50 .50 .50
7600 10200 | 12700 | 15300 20300 | 25400

2 I_3II I 2/’ l 5” l 5” '8” 207/ 24”
40 .40 .60 .50 .60 .70

9500 12600 | 15700 | 18900 25200 | 31500

2'-6" 14" 16" 18" 20" 24" 24"
.40 .60 .50 .60 .70 1.00

11400 | 15200 | 19000 | 22700 30400 | 38000

2'-9" 16” 18" 20" 22" 24" 30"
.50 .50 .60 .70 .90 .90

13500 [ 18000 | 22500 | 27000 [ 36000 | 45000

3'-0” 18” 18" 20” 24" 27" 30"

.50 .70 .80 .70 .90 1.00

The bending moment is figured by the formula o’

“en P the load on the ground per square foot and 1 the pro-
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‘ER LINEAL FOOT OF WALL FOOTINGS.

(sad on Gromnd
nthhmrut 3000 4000 5000 6000 8000 | 10000

Besding Bond Bond Beading Dending Bonding
Prajoction Nomont h: I.: Nomest MNomont Nomeat

s Fost Thickngss | Thicknoss | Thickmess | Thickaess | Thickaess | Thickness
Area of Stool | Area of Steel | Area of Steel | Area of Stoel | Area of Steel | Area of Steel

15800 | 21100 | 26500 | 31700 | 42400 | 52800

3'-3” 18" 20" 24" 24" 30" 30"
.53 .70 .70 .90 .95 1.50

18400 | 24500 | 30600 | 36700 | 49000 | 61500
3'-¢" 18" 24" 24" 27" 30” 36"
.75 .70 .90 .95 1.20 1.20

21200 | 28200 | 35300 | 42300 | 56400 | 70400
3'-9” 24" 24" 27" 30” 36" 36"

.60 .85 .90 .95 1.00 1.30

24000 | 32000 | 40000 | 48000 { 64000 | 80000
4'-0" 22" 24" 27" 30” 36" 36"
.66 .86 97 1.00 1.00 1.73

30300 | 40500 | 50700 | 60800 | 81000 | 101000
4'-6" 24" 27" 30" 36" 36" 42"
72 | 100 | 110 | 1.00 | 1.80 | 1.7

37500 | 50000 | 62500 | 75000 | 100000 | 125000
5'-0" 27" 30” 36” 36" 42" 48"
81 1.00 1.00 1.50 1.75 1.50

45300 | 60300 | 75500 | 90700 | 121000 | 151000
5'-6" 30" 36" 36" 40" 48" 48"
.90 1.00 1.50 1.44 1.50 2.50

54000 | 72000 | 90000 | 108000 | 144000 | 130000

6'-0" 32" 36" 40" 42" 48" 54"
.96 1.40 1.4 1.80 2.4 2.4

73500 | 98000 | 123000 { 147000 | 196000 | 246000

L 7-0" 36" 40" 48" 48" 54" 60"

\ 1.40 1.92 1.50 2.40 3.00 3.50

jeetion in feet. To find the weight of steel per sq. ft.

multiply area with 3.4. ‘ m
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PROPERTIES OF

X
HEME i
LRI REMEIENE IR
: |sk i g | HE i ;’ 3 F M- g"
= a2 - -
A ! ! 3" A 3 - g ] =
g~ |§ 3
3 48 8 12 6 721 12 21
4 64 10 13 6 78] 14 22
4’ 5 80 10 18 6 .90( 18 26
6 96 12 16 6 96| 18 27
8 128 12 18 6 1.08{ 17 30
10 160 12 20 8 1.20] 20 33
3 61 10 13 6 88| 16 28
4 81 10 16 6 1.01| 18 32
4'-6" 5 101 12 17 6 1.15] 20 36
6 121 12 18 6 1.221 21 38
8 162 14 21 8 1.42| 26 44
10 202 14 23 8 1.56| 217 49
3 75 10 14 6 1.05| 20 37
4 100 12 17 6 1.28]| 24 45
50" b 125 12 19 6 1.44| 26 [ 1]
6 150 14 20 8 1.50( 31 B3
8 200 14 24 8 1.80| 34 64
10 250 16 26 8 1.96| 37 70
3 90 10 16 6 1.32| 27 [ 1]
4 120 12 18 6 1.50| 30 68
§'-6" 5 150 14 20 8 1.66| 36 64
6 180 14 22 8 1.82] 37 70
8 240 16 26 12 2.15] 48 83 .
10 300 16 28 12 2.32| b0 90
3 108 12 17 6 1.54| 33 66
4 144 12 20 6 1.80| 37 76
6 5 180 14 22 8 2.00| 44 86
6 216 14 24 8 2.20| 417 95
8 288 16 28 12 2.55| 60 107
10 360 18 31 12 2.80] €6 17

Where the column bases are coixsiderab]y larger than given
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COLUMN FOOTINGS

HENE g
LRI AFREEREI L
- ] Sz L 8 = g = {
|3 B 18 | =2 ; 2l %g| = AR TR

- = = k¥ | =
1RRE 2
3 126 12 19 6 1.85 42 84
4 169 14 21 8 2.00 49 [:
6'-6" 5 211 14 24 8 2.35| .86 107
6 253 16 26 12 2.55 66 118
8 338 18 30 12 2.95 78 134
10 22 20 34 12 3.35 82 162
3 147 | 12 | 20 8 | 2.10{ 86| 102
4 196 14 23 8 2.45 (1} 119
7'-0" b1 245 16 26 8 2.75 70 133
6 295 18 28 12 2.95 81 142
8 392 20 33 12 3.50| 92 170
10 490 22 36 15 3.80| 106 184
3 168 14 22 8 2.5 66 | 130
4 225 16 25 8 2.85 14 148
7'-6" 5 282 18 28 8 3.15| 82| 163
6 338 20 30 12 3.40{ 90| 176
8 450 22 35 12 3.95| 109 206
10 560 24 39 15 4.40| 132 228
3 192 14 23 8 2.75 18 162
4 256 16 26 8 3.15| 86| 174
8’ 5 320 18 30 8 3.60| 90| 200
6 384 20 32 12 3.85| 114 216
8 512 24 37 15 4.45| 137 245

10 640 | 24 42 15 5.05| 162 | 280

3 216 16 24 8 3.05( 90| 180

4 288 18 28 8 3.56| 100 | 208

8'—6" 5 360 20 31 8 3.95| 110 230
6 432 22 34 12 4.35( 1382 266

8 578 24 40 15 5.10| 166 | 300

10 720 26 44 15 5.60( 186 | 330

above, the depth of the footings may be diminished.
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PROPERTIES OF |

!
HEAE i
AR LIRS AN B FIE MR IETIRY
: | sk i g | i s I HEHELIRLE
] a2 t =
=
3 i
3 243 16 | 28 8 | 3.50] 108 | 218
4 324 18 30 8 4,10 120 266
9’ 5 405 20 33 8 4.50| 131 280
6 486 22 36 12 4.90| 163 308
8 648 25 42 15 5.70| 187 366
10 810 27 47 15 6.30| 204 390
3 271 18 27 8 3.90| 123 | 266 "
4 362 20 3i 8 | 4.50| 4136 | .296
9'-¢" 5 453 22 36 8 5.00f 150 | 326 .
6 542 24 39 12 5.60| 183 | 366 :!
8 723 26 44 15 6.30( 218 | 410
10 950 30 1] 15 7.30| 236 | 475
3 300 | 18 | 29 8 | 4.40| 139 | 300
4 400 20 | 33 8 | 5.00{ 166 | 340 :
10’ bl 500 22 37 8 5.60( 173 | 386
6 600 | 24 | 40 12 | 6.00] 208 | 410
8 800 27 47 15 7.10| 266 4856
10 1000 30 62 18 7.80| 284 630
3 330 18 30 8 4.80| 187 | 3456
4 40 20 36 8 5.60| 178 | 405
10'-6" 5 530 24 39 8 6.20( 200
6 660 26 42 12 6.70| 233
8 880 28 49 15 7.80] 282
10 1100 32 11 18 8.70| 829 o ¢
3 363 20 32 8 | 5.30| 182 T
4 484 22 36 8 6.00{ 202 i
1n’ 5 | 605 | 24 | 4 8 | 6.80| 226 K
6 726 27 44 12 7.30| 266 ‘g
8 968 30 1] 15 8.50| 319
10 | 1210 | 32 67 18 | 9.50| 362 | -

Where the column bases are considerably larger than given ~
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COLUMN FOOTINGS

I i
EEETIRIBE MEHIETIE
i = - s F - i ] g ® 5 - ® 3 bt i
3 s is 3 s.- ;-4 38  X¥a| §s
| § I - - - el g =
! g| ~ i £
i 3 430 20 34 8 6.10| 224 | 500
4 575 24 39 8 7.10| 266 | 6585
12’ 5 720 27 44 8 7.90] 284 650
6 860 28 48 12 8.70] 336 | 716
8 1150 32 66 18 110.10| 424 830
10 1440 34 62 18 | 11.20] 464 920
| 3| 510| %2 | 38 | 8 | 7.10] 282 | 630
4 675 | 26 | 42 8 | 8.20| 318 | 730
C 13 5 840 | 28 | 48 8 | 9.40| 387 | 840
6 1020 | 30 82 12 110.20{ 413 | 906
8 | 1350 | 34 | 60 | 18 |[11.70| 621 | 1040
! 10 | 1690 | 36 | 67 | 21 |13.10| 692 | 1160
i 3| 590 | 24 | 40 | 8 | 8.40| 343 810
4 780 27 468 8 9.70| 387 930
14’ 5 980 30 61 8 |10.70] 433 | 1030
6 1180 32 1] 12 |11.80| 606 | 1130
8 1550 36 64 18 |13.40{ 631 | 1290
10 1960 40 12 21 |15.10( 726 | 1460
3 675 | 26 | 42 8 | 9.50| 408 | 970
R 4 900 28 49 8 |11.10| 469 | 1130
5 1130 32 66 8 |12.40] 526 | 1270
6 1350 34 60 12 |1 13.50| 612 | 1360
v 8 1800 40 70 18 |15.80] 774 | 1810
1 10 2250 42 78 21 |17.60| 881 | 1800
- L
a3 1200 32 67 8 |17.10] 926 | 2340
1 4] 1600 | 36 | 66 8 119.80| 1057 | 2700
5 | 2000 40 | 73 8 |21.90| 1167 | 3000
t 18 2400 | 48 80 12 | 24.00| 1380 | 8280
. h 8 3200 | 56 97 18 |29.20| 1760 | 4000
) ] 10 | 4000 | 60 | 108 | 21 |31.80( 2020 | 4360
ahove, the depth of the footings may be diminished.
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PROPERTIES OF REINFORCED

FOR RSSND BARS FOUR SUDARE BARS omen
a3 Pipes Excoss
Mameter - vt Comt | 't v |78%87 931107
L] o leside | Total Reds at | Waight |Rods over #51 #0¢
Inches ll:‘“ ":IN ushper| of mu:s.
L D
Pt et | 4P | o ran | e | abe i 127000143000
1908 Lis.
: |
A s 1.00 8
2 2.1 i £01 58] 3al 15| 21 ¢
2 l 122 g 80| 82| 1.5 oz | 38|
3 1.76 L 2.25
4 6.10 i 13.0 | 11.8 | 3765 3.3 il
Z 240 | § o | 3.06
8 8.20 18.0 | 16.2 10.40/ 4.5 43 %
3.14 FUN I . 4.00
1 0.7 |26 |2 | P01 se0| 59| ‘8] &
- 3.97 4 | 9 5.04 .
1 8 13.6 2''¢" 7. 21.0 17.2 | 7.3 | 70
A 4.90 " s 6.25
1< e.70 |2ror |20 133 1 o05| 0.2 s
3 5.93 2 7.56
15| 202 [orgr |40 |9 [257 ] 110
A 708 2 5 | 9.00 !
1271 2elh |2 |40 1378 | a0l | 131 L
S | 824 | ¥ 5.5 | 10.6 !
_l 8 t 282 |2y ¥ |98 ]380 | 16.0 B
3.1 96 | 2|+ ; 12.3
_lj‘* g |y |7 08320 | s L
Z_| 11.06 24" - 14.10 ‘
1% | are |30 |7 | ™0 ] 4800 | 205 N
12.56 | 23" 16.0
2 a8 |30 | |80 5| s !
Cubie Feet of Concrate por Lineal Feat 42 .87
Bigmeter of Roand Colwma of same Arsss 8.76 [11.1
Dlameter of Gctagonal Column of same Araas 8.6 110.9

*Denotes the area in square inches of the conercte scction,
as well as the weight of column per lineal foot,
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CONCRETE COLUMNS.
SIGNS OF COLUMNS IN INCNES

ll§x12"|13ix13§"15{xl 5&‘"|l75;!l7x}g"ll9{xl9g’g"J 21x214"|23x231"
#138 *182 *240 *305 *375 *450 *#530
162000 | 181000 |1108000 | 1137000 { 1169000 | 1202000 | 1238000
67 86 |
70 89 e
e 93 120 149 - -
78 97 124 153 185 | 218
83 102 129 158 190 | 223 269
89 108 136 164 196 229 265
95 e 141 170 | 202 | 235 271
102 121 148 177 209 42| 218
1o 128 155 185 | 217 249 286
e 164 192| 226 | 268 | 203
146 173 202 | 234 | 267 | 303
183 212 | 244 | 211 313
| 222 254 287 323
96 | 121 | 1.1 | 212 | 2861 | 3.14| 3.7
13.28 | 18.26 | 17.50 | 19.76 | 21.90 | 24.0 | 26.0
130 | 16,0 | 17.2 | 19.4 | 215 | 237 | 288

tDenotes load carried by the concrete alone.
The black figures denote the column loads in 1000 Ibs,
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PROPERTIES OF REINFORCED

SIX RowND BARS SIX SRRARE BARS BiEN
s e gyl INVORR ey T R
umru...um T | $ oot | 20 e | '
b | o | mamer| wae | 1o | W SN w305 | 37
P i e L] A “':“I s
SL'h 1370001169000
Loneth | s | iy e | e 00‘1
47 | 1 a1 | 6.00 .
‘ 1| e 26 |40 |37 | 0| 88| %] 2
A 597 | 1y 7.56
1 8 20.3 2! ¢” 0.1 40. 26.70| 10.7 177 209
A 7.36 2" . 9.37
5| v |orgr |60 995 a1.80/13.5 | '] 2"
3 | 89 2 ; 11.34
15 303 |2 |8 |60 | 3550164 | "7 | 2*°
4| 10.6 o - 13.50
127 a0 |29 |9 | ™% | 4600| 19.6 | 28| 2%
5| 1244 | 2 |, 15.80
5| 423 |orgr |90 8% | g3iq0] 007 | 22" | 280
3 | 1443 | - | 18.40
o | i |30 %% |9 | a2s0| 269 | 23¢| 2%
2z | 1655 | 23 21.10
1 8 56.30 | 3’0" 102. |11 71.680| 30.6 248 | 280
18.84 | 24" 24.00
2 | gin |gyflo2 fi2r | 2 g, S| 284 | 208
1 | 238 | 3 30.4 f
2 4 8i.2 3’6" 158.  161. 103.00| 44.
’ Cabic Faet of Concrate per Linsal Fout 2.12 | 2.61
Siameter of Roond Coloma of same Area - 19.76 |21.9
Slameter of Octagpaal Colemn of some Area 19.40 |21.5

*Denotes the area in square inches of the conerete section.
as well as the weight of column per lineal foot.
iDenotes load carried by the concrete alone,
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CONCRETE COLUMNS.

21x21}"|23x23}"| 25x25}") z7x27;1”! 29x29” | 31x31” | 33x33"

#50 | #530 | %630 | #7135 | *840 | #0960 | *10%0
1202000 | $2: 1284000 | $330000 | 378000 | 1431000 | $490000
! —

234 270 ’ 318 362 | 410 l 463 522

242 28| a2 370 418 a7l 530

252 | 288 334 0 428 l 481 540

262 208 344 | 390 438 491 550

213 309 366 401, 449 502 | 66!

286 322 368 414 ! 462 516 : 874

299 336 381 421 | 475 528 | 687

313 349 | 398 41 489 542 | 601

329 365 ali i 457 505 558 617

363 399 445 491 539 592 651
304 | 370 | 4.4 5.11 | 685 | 6.70 7.60

240 | 260 | 284 | 306 | 327 | 35.0 31.3

237 | 265 | 27.8 | 300 | 32.2 | 344 36.6

The weight of coils per foot=1/20 side of column in inches.
The black figures denote the column loads in 1000 pounds
when round bars are used.
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PROPERTIES OF REINFORCED

EIGNT Rowss sans DGHT SSARE BARS ben
s et L:‘I:; i lmﬁ- 91x19 "l
“ 1 2121
Dismeter iargs and W ite | Towt | 1 100 ol mmr
" W mamatr| g | Dot | WL 4575 | w450
s | i || ot SRR gy L 1169000 1202000
Lonth | OPpes | oo | hots dr':t'u. | ol
= 9.80 2" N " 12.50]
1| a3q0 |27 | 80 | 060 | 055 183 | 28| 268
3| 1188 | 2 15.10
15| 404 || 80 | 800 | 5537 op g | 20| 282
EN IBTSEHEES 18.0
A7 o 2o [N 10 ey oas | 24| 2T
5| 1659 | 2 | >0 | 2110
15| seq |oroi 80 1120 L5 e5l 503 | 28' | 3
3 | 19240 |28 iqan s 24.50|
14| esa | a70 (190 |1300 ) 53709 555 | 2°°| 3%
2| 22.09 | 24" |qan 28.20)
15| 760 [3or |16 [1490 | ggig | 410 | 38| 3%
25.13 24" apn - 32.0
2 | s | |Be 1700|080 64 372
1| 318 3 o0 |1z o | 40.5
2% os |5 e |22 P10 |30 58,8
1| 39.2 Y L o10 lop= o | 5001 -
22 | yaas | ae |22 2650 1300 7300
3 | 47.6 38 | 390 0 | 60.5
24 161.6 40" 240 322.0 206.0 | 87.8
” - + "
3| 2654 )| B |2s0 pe20
Cabic Faat of Concrate por Liseal Foot 2.61 | 3.14
Diameter of Round Coloma of same Area 21.9 |24.0
Biameter of Octageaal Column of same Area 21.6 |23.7
| i |
L 98x10"114x12"131x133"154x153"/174x17}"
Roguiretorm lumbor .M. perLin. Ft| 8.1 8.9 9.7 10.7 11.6
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CONCRETE COLUMNS.

41

23x23}"| 25x25}"| 27x271"| 29x29” | 31x31” | 33x33" | 35x35"

#5330 | *#630 | *#735 | *340 | %960 | #1090 | #1225
1238000 | 1284000 | 1330000 | 1378000 | 1431000 | 1490000 | 1530000
304 360 396 444 497 6566 éle

318 364 410 458 61l 670 630

333 379 426 473 626 686 646

360 396 442 490 543 602 662

368 414 460 6508 661 620 ( 680

387 433 479 627 680 639 l 699

408 454 600 648 ) 60l 660 720

4563 496 646 593 646 706 766

646 696 643 696 766 816

700 763 812 872

872 932

3.70 4.4 6.1l 5.86 6.70 7.60 8.6

26.0 .28.4 30.6 32.7 36.0 37.3 39.4

26.6 27.8 30.0 32.2 34.4 36.6 38.7
1941194"| 21x214"| 23x23}"| 251254"| 271274"| 29x29” 31x31”‘33x33"
14.0 16.0 18.0 19.0 l 20.4 21.8 23. 24.3
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:

PROPERTIES OF

SUAMETER 12" | 13.5"| 16” \
Area of round Sectien, square lnches . . . . 118 143 201
Area of octagenal Soctien, squarajuches . . . . 119 150 212 \
Outside Giometor of Nelix ches . . . . . 10 | 1.5 14
Mraoicorasthoic . . . .. 78 | 104| 154
uuunuuunnmlh.ma.u Lo 5600075000 [111000
Thickaess Pitch of befical ™
of Noileal| A0 SO tongitur. | 10 dr0 Lood o
Relatorca- in fraction of nl
meat | Vet rofloiid POF 10Ot [ grgy | 1000 fas.
v | 3 4.2 |1.24 | 32.2] 07| 133 | 177
-2 2?7’1 & | 6.26|1.55 | 40.2] 116 | 141 | 188
. s 6.3 | 1.87 | 48.5] 123 | 149 | 193
076 ! 6.5 |1.92 | 49.8] 124 [ 161 | 195
= %27 & 8.16|2.4 | 62.2] 137 163 | 207
: & 9.76 | 2.88 | 75.0 176 | 220
i t 8.4 |2.76 | 715 12| 218
- ;;24 & |18 345 | 895 P 2ae
. £ 14.1 | 4.15 |107.5 252
150: 3 [12.9 [3.8 | 98.6 243
=z ;‘;’g‘* % [16.2 | 4.75 [123.4 268
. & |19.4 |57 |148.0
) 1 187 [49 [127.0
- (152;}3 & |21.0 [6.15 [160.0
" _112 26, 7.35 191 O 1 |
] 3 26.0 | 7.7 |[200.0 i 5
S| 3 & [azs | 965 |2500 b
s £: |39.0 [11.5 [298.0 !
+ (317 [11.0 [285.0 ?
2 '143(1); 4 |12 187 [355.0 =
-0 &= |86.8 [16.5 [429.0 |
Longitudinal Roisforcoment . . . . . . 4+1 | % 41"
Arsa ot * .. 1.76f 2.40] 3.14
Weight por lin. foot ot umu lauuu-ut .. 6.1 8.2 | 10.7
Load carried by Loagitwdinal Reinforcom’t st 10000 fhs. persa. et |19000 26000 W

Use 1:3 concrete mixture for these columns,
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CONSIDERE COLUMNS.

43

18.8" 20” 23.8" 26" 28" 32.8"
269 - 314 | 426 531 615 | 830
283 331| 446 560 649 | 871

16.5 18| 213 24 26 30.5
214 255 | 355 452 531 | 730

154000 | 183000 | 255000 | 325000 | 882000 | 525000
Colamns s 1000 pownds
220 266 340 421 493 636
228 274 348 429 601 644
236 282 366 437 609 862
238 283 367 438 610 663
2560 296 370 451 523 666
263 309 383 464 636 679
269 306 379 480 632 676
278 323 397 478 660 693
296 341 416 496 6568 711
286 332 408 487 569 702
311 367 431 612 6584 727
336 382 466 637 609 762
316 361 436 616 588 731
348 394 468 649 621 764

426 499 6580 662 796

434 508 6589 661 804

486 660 639 7 864

607 687 769 902

674 746 889

744 816 969

818 890 1033

417 41} | 411 6-1% 6-1% 6-1}

3.14 | 490 | 4.9 5.97 7.36 7.36
10.7 16.70 | 16.7 20.3 25.1 25.1

34000 | 53000 | 53000 | 64000 79000 79000
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DIMENSIONS AND PROPERTIES OF GIRDERLESS
FLOOR CONSTRUCTIONS.

BAY BISTANCES IN FEET
12! 13! 14'
- .
1 ¥ Dism- § b | B s | iom
g - Esg“d- 3 ﬂ‘:u«u; gidmnl
!-‘3 ;_3::,“; . *:Culdg :.ftuﬂd
¥lo|2y (st S|23 (=8 |s|s3 =k
NN L HE L
|3 I (= £ = um% S ™ 7 |eisties
100 |4 |.12 | .88 4 | .15(1.07 44| .14 |1.00
160 [43].165]1.20 6 | .15 (1.07 6 |.21]1.60
200 |6 |.200]1.42 63 .20 |1.42 6 |.221.68
260 |6%].235/1.68(or_o48 | .25 [1.78|a/_d64| .27 | 1.92 |qr_an
300 |6 |.250(1.78] 9”05 .27 |.sz3"0' 64| .37 |2.68 A3
350 |e4|.270[1.92[* 364 | .36 |2.86 £ 677 | .42 |3.00 7"
400 |7 |.290|2.08 7| .39 (2.78 75| .42 {3.00
450 |74].310]|2.20 74| .41 [2.92 74| .54 [3.86
500 |7%|.365]|2.60 74| .50 |3.66 7} .63 [4.50
- BAY DISTANCES IN FEET
15' 16! 17
100 |6 |.15]1.07 6 |.16]1.14 83| .17 [ 1.21
160 |6%| .20 |1.42 6 | .20[1.42 6 |.26]1.85
200 |6 | .28 [2.00 83| .27 |1.92 63| .85 [2.80
260 |6%| .35 |2.60|or_ o7 | .36 |2.66|q/_odT | .44 |3.13 |,/
0 [7].38 2700 O17 | 150|388 |7 | .60 |4.26|*
a0 |73 .45 [3.20 9373 | .54 |3.84 P73 | .65 [a.62|%
400 |74| .54 |3.88 75| .67 |4.78 8 | .70 |6.00
480 |74] .63 |4.80 8 | .69 [4.90 8 | .85 |6.08
500 |8 | .67 [4.78 8 | .82 [s.82 9 | .76 [6.40
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DIMENSIONS AND PROPERTIES OF GIRDERLESS
FLOOBR CONSTRUCTIONS.

BAY BISTANCES W FEET

18' 19' 20"
E2|a|BE|{ g |uve]a gif-{uu. gge.m
L E B EIE B HE ERE B
¥|s|28(=t s|2F|sE s |2) =k
25 "igﬁm ‘:!ﬁﬁm LD
LIEIE wiswed §( 5% 5 “wored § (275" s
100 |83].18| 1.3l-216|.19|1.40 4~ 6 | .25 177 [4'—"
160 64| .25 | 1.8|6'—11] 64| .32 |2.30 j6'-81 7 | .32 l2.27 7'

200 |7 371 2.7 71! .44(3.20 73 .45 [3.20
280 [73|.45| 3.2 74 .54 (3.90 74 .65 |4.60
300 |73|.63 | 4.8 8| .62 |4.40 8|.756.30
360 |8 | .67 | 4.8 8| .82 (6.80 9 |.7516.30
400 |8 | .83 6.9 9| .80|6.70 9| .92 6.60
450 |9 | .80 | 8.7 9(.92|6.60 10 | .86 18.10
600 |9 | .91 ]| 6.5 10| .86(6.10 10| 1.1|7.80
BAY DISTANCES N FEET
21 22! 25'

100 |6|.27{1.9114-9 63 .25 |1.78 5'-3; 7].33 z.as‘s'-.o"
180 71.3812.70(7'—4" 7| .46 | 3.26{7'-8"] 74 .59 4.20/8'—4)"
200 74 .54 }3.80 734 .60 | 4.26 8| .80|6.68
260 8| .674.80 8].76 | 6.40 9| .876.20
300 9| .67 |4.80 9 |.80|6.70 10 | .90|6.40
360 9| .86(6.10 10 | .78 | 8.62 10 {1.10] 7.80
400 |i0 | .84|6.00 10 | .96 | 6.80 10 |1.40 | 9.90
460 l10 |1.00]7.10 10 [1.20 | 8.80 11 |1.45 {10.30
600 |10 {1.20]|8.80 10 {1.30 | 9.20 1t {1.58 {11.20)

X i
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EXPLANATION OF TEE BEAM TABLES AND RULES
FOR THE DESIGN AND CONSTRUCTION OF RE-
INFORCED CONCRETE BEAMS.

The seemingly irregular sizes of the stems of the Tee are
adopted for the reason that in most of the localities of the
United States the commercial sizes of lumber are less than
the nominal sizes. A so-called 2”x10” plank is often only
15"x988"”, and if the two edges of the plank are sized these
dimensions may be still less. This is the reason why beams
No. 1 to No. 98 have a width less than an even number of
inches, while beams No. 201 to No. 265 may be used where
lumber in full sizes is obtainable. As stem depth we adopted
the greatest depth which can be formed by the commercial
sizes of the planks, used for the side of the forms, without
any waste. This can be more clearly seen from inspecting
the table on beam forms.

The safe bending moment, which may be allowed for these
beams, were found by the approximate, but safe and con-
venient rule: Moment in foot-pounds=18000Xarea in
square inches of the reinforcement X depth of stem in feet,
which stem depth we substitute for the distance of center of
reinforcement to center of compression. The fibre stress of
18000 pounds is about 14 of the elastic limit of commercial
high earbon bars or cold twisted steel bars.

This rule supposes that the entire compression is taken up
by the flange or slab, which compression must = the tension °
in the steel rods. Allowing a fibre stress of 400 pounds per
square inch in compression in the slab, we find that the least
available width of the flange must = 45 X area of reinforce-
ment in square inches divided by the thickness of the slab in
inches.

This width is, however, also governed by the consideration
that it cannot be greater than the distance between the
beams, nor greater than 400 X area of the reinforcement,
divided by the total depth of stem and flange in inches, or,
in other words, the reinforcement of the ideal slab cannot be
less than 1,%. It is generally sufficient to check th¢
strength of the flange of the Tee beam by the first rule.
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In figuring the shear of the beams we assumed that the
thickness of the slab is four inches for all beams having a
stem 123" deep or less, and five inches for deeper beams,
and that the allowable shear per square inch of the cross
section may be 60 pounds without any special provision for
shear. This does not mean, however, that stirrups may be
dispensed with. The number of stirrups, even in this case,
should not be less than the number of lineal feet in the span.
These stirrups should be spaced 6 c. c. near the supports and
18” in the center of the beam, and serve mostly the purpose
of preventing shrinkage eracks at the junction of stem and
flange. It is not advisable to use beams where the shear ex-
ceeds 125 pounds per square inch of the concrete section,
although quite a number of beams with a larger shear have
done service for many years. Where the shear exceeds 60
pounds per square inch, the bending up of part of the number
of the rods is absolutely necessary, and the number of
stirrups must be increased. It is not advisable to increase
the number to more than 1% times the number above men-
tioned, and it is preferable to increase the size of the stirrup
bars. The spacing of the stirrups may be found by the fol-
lowing rule: Substract from the actual shear the shear given
in the beam tables and multiply the depth of the stem in
inches by 10000 times the sectional area of the stirrups and
divide by one-half of the above mentioned difference of
shear values. Experiments prove that the bending up of the
reinforeing bars in different adjoining planes increases the
strength of the beam in shear to a very considerable extent
and that we are justified in assuming that the bent-up por-
tions of the bars take up at least one-half of the shear, which
is not taken up by the concrete, and that the other half is
taken care of by the stirrups.

Where beams are freely supported and uniformly loaded,

the bending moment is found by the formula, %.12 when p=

total load per lineal foot, and 1 = span in feet, which is
somewhat larger than the clear span. For continuous beams
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on three or more supports, the bending moment at the cente:
may be taken as _p_;:_) , and can be conveniently found ir

tables on pages 22 to 25.

Large negative bending moments appear in continuous
beams over the supports, producing a reversal of stresses at
these points. While present practice has fully decided tc
take care of the full negative moments in case of continu
ous slabs, by placing the same amount of reinforcing on top
of the slabs over the supports as at the underside im the
center, the practice in regard to continuous beams is yet un-
decided. This may be aseribed to the fact that signs of
weakness of continuous Tee beams at the supports are very
rare and may be explained by the assumption that the con-
crete slabs take up a great portion of the tensile stresses.

The short brackets forming an angle of 60 degrees or more
with the horizontal, as frequently found in practice, are
mostly adopted for good luck and without any statical con-
sideration; their adoption considerably increases the cost of
the structure and simply shifts the weak point a few inches
away from the columns and, besides, tends to increase these
negative moments. The practice of to-day has the tendencey
to suppress the brackets entirely or to make them very flat.
Moreover, a charge of $1 to $1.50 is made by plasterers for
plastering each bracket, and they often interfere with parti-
tions.

The tensile stresses over the supports are generally only
taken care of by extending the bent-up bars more or less into
the adjoining beam. In very heavy beams, however, and
especially bridge girders, extra rods of the same section as
the straight rods and of a length = 0.4 of the span should be
imbedded at the top over the supports.

Figure No. 1 shows a standard design of a beam, Half the
number of the rods are straight and of a length = L 4 40s,
when L == span c. c. supports, and s the diameter of the rods,
and the other half are bent up in various planes and of a
length = L + 60s 4 d, when d = the depth of the stem,
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The bends of the rods should never be sharp and the radius
of the bend not less than 1% s, which allows of cold bending
of the rods, even for the largest diameters. It is preferred
practice to arrange the rods in pairs in vertical planes, and
the writer’s practice to keep them in their proper places is
shown in Figures Nos. 2 and 3. The stirrups, which in most
cases are made of 14 to 3" round or square wire, are
originally made in the shape shown in dotted lines. They are
forced into the beam form and rest with their horizontal legs
on the floor boards. They possess considerable spring, which
produces a friction against the sides of the forms, preventing
any shifting in a horizontal direction. They carry the weight
of the rods and prevent them from approaching nearer to the
underside of the beam than is desired. Two or three bent
spacing wires, as shown in Figure No. 3, keep the rods in
place in transverse direction. After the beams are concreted,
the stirrups are pushed back, by means of tamping bars, into
the position shown in black in Figure 2. The writer con-
siders it essential that the stirrups reach well into the slab,
as otherwise a separation of stem and flange can hardly be
prevented sooner or later, especially in case of fire. The use
of small hooks at the end of girder rods increases the cost
without any adequate increase of strength.

It is good practice to give the beams a camber of at least
14*, or 1/300 of the span.

Example: A continuous beam, 18’ c.c. supports, which
supports are 12" wide, carries a slab 10’ wide with a total
floor load of 250 pounds per square foot. The total load per
lineal foot of beam == 2500 pounds, and the bending moment

' 2500x173 :
A =T72000 foot-pounds, which also may be found from
tables on page 24 by multiplying the bending moment for
250 pounds by 10. On page 7 we find that beam No. 40 will
answer. The total shear at the supports = 25008.5 =21250
and at a point 2’ 6” away from the supports == 2500X6=
15000. Assuming that we use 14" round wire for the stir-

" rups, the area of both legs of the stirrup is 0.098 and the
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10,000x0.098x16.25
i 550
ang J0.0000.98x16.%5 _ 1 9", where 4550 and 1450 = balf |

the difference between the actual shear and the shear of
12100 as given in the beam table for No. 40. Figure No. 1
shows the distribution of stirrups which may be safely used.
The cost of a stirrup is only a cent or two in most cases, and
it will generally suffice to figure the shear at the supports
only and to determine the spacing at this point, and to in-
crease the spacing successively by one inch until one-quarter
of the span is reached.

The following table will facilitate this work:

Let d = the stem depth of the beam, and ¢ = spacing of
the stirrups; then for the various relations of d:e and for
the various sizes of stirrup bars, the allowable difference be-
tween the actual shear and the shear given in the beam
tables are

spacing at both points is given by = 3.5 ‘

—= 10| 9 8 |7 6 5| 4|3 2 |1

i M...‘.19600175QJI5700 137001118001 98001 7800 50001 3900 |1960
1" Semare.....|24500121900{19800117200{148001123001 9750/ 74001 4900 [2450
..|2940026300{23600/2060011770011470011700f 8900 5890 [2950
§" wire ...144300[39500135000{31600{26600|22100117600/113300{ 8800 [4200

Second Example: A continuous beam, forming part of a
square slab, 18'x18’, is supported on columns 12 square. The
total load per square foot on the slab is 250 pounds, and this
slab, on account of being reinforced in both directions, will
transmit to each beam 14 of the panel load. This load will
be in form of a triangular load, having its apex in the center
of the beam. If there are panels on both sides the load per
lineal foot in the center = 18X250=4500 pounds, and be-
comes zero at the supports. The bending moment in such a
case is 24 of the moment produced by a uniform load of 4500
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4500"_1_0__17”= 87000 foot-
pounds, which closely eorrespcﬁlds to beam No. 41, or to
beam No. 39 when square bars are used.

It will be noticed that in both cases only the clear span was
used in the calculation. More"conservative designers may
possibly use a mean between the clear span and the span
center to center of supports, but it is a clear waste of money
to figure with the span center to center of suppcrts, when the
latter are two feet wide or wider. Only in the case of beams
which are carried by girders the writer advocates to figure
with the span center to center of supports. In case of non-
continuous beams the span is to be taken as center to center
of bearing.

For the convenience of persons of little experience in re-
inforced concrete construction, who wish to share in the
alleged enormous profits made in this line of construction,
quite a number of unit systems of ready-made and assembled
beam reinforcement are at present in the market. While
they may be a good thing for inexperienced persons, they are
decidedly more expensive than the ordinary method above
deseribed. It is the writer’s practice to have on every job,
besides competent foremen, an experienced engineer as super-
intendent, to watch the distribution of the steel; and this is
a far better safeguard than unit reinforcements, which in the
hands of incompetent men, do not prevent of placing the
units in beam forms, where they do not belong.

pounds per lineal foot, or =—g-x
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EXPLANATION OF SLAB TABLES.

Experiments have fully demonstrated the fact that the safe
bending moment in foot-pounds per lineal foot of a slab of
the thickness t in inches is equal to coefficient x t*.  This
coefficient depends on the amount of reinforcing per lineal
foot, the mixture of the concrete and the distance of the
center of the reinforcing bars from the compression face of
the slab, We assume that the latter distance amounts to
0.87 t, or that the center of the bars is 0.13 t from the tension
side. Where it is desired that the latter distance is greater
a corresponding addition is to be made to the thickness as
found in the tables.

The amount of reinforcing per lineal foot is often ex-
pressed in percentages of the steel area to the concrete area.
We say that a four-inch slab is reinforced by 19, of steel,
when the area of the steel bars per lineal foot of slab

4x12

=0.48 square inches, or that a five-inch slab is re-

inforced by .35%, when the steel area per lineal foot"'
— HxI12 % 0.35=0.21 square inches.

The following table gives the values of the coefficient as
found by many hundred experiments and by innumerable
applecation in practice:

Per- Coefli- Mix- Per- Coolfi- Mix- Por Coofll- Mir-
coatage cloat ture costags | cleat ture contage | clest tars
0.25 | 50 1:6 || 0.85| 98 1:6 |} 1.45| 146 1:5
0.30 | 54 1:6 || 0.90 | 102 1:6 || 1.50| 150 1:5
0.35 | 58 1:6 || 0.95| 106 1:6 | 1.55] 154 1:4
0.40 | 62 1:6 || 1.00 | 110 1:6 |} 1.60| 158 1:4
0.45 | 66 1:6 | 1.05 | 114 1:6 || 1.65| 162 1:4
0.50 | 70 1:6 (] 1.10| 118 1:6 || 1.70 | 166 1:4
0.55 | 74 1:6|] 1.15| 122 1:6 || 1.75| 170 1:4
0.60 | 78 1:6 || 1.20 | 126 1:6 || 1.80| 174 1:4
0.65 | 82 1:6 (| 1.25 | 130 1:6 || 1.85] 178 1:4
0.70 | 86 1:6 {| 1.30 | 134 1:5 (] 1.90 | 182 1:4
0.75 | 90 1:6 || 1.35| 138 1:5 || 1.95| 186 1:4
0.80 | 94 1:6 || 1.40 | 142 1:5 (] 2.00| 190 1:4
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Slabs, reinforced with less than 14 %, act as plain concrete
slabs.

v

The percentages greater than one are seldom used.

The mixtures 1:6, 1:5, and 1:4 mean concrete mixtures of
one bag of cement, weighing at least 94 pounds, to six, five
and four cubic feet, respectively, of sand and gravel or
crushed rock. While it is usual to give the volumes for
sand and gravel or rock separately, experienced concrete men
will agree that the relation of sand to gravel or rock has
often to be varied on the same job in order to obtain the
densest concrete or the best results. - The reason is that the
voids in the stone are fairly uniform, while those in the sand
vary from 30 to 60%.

The tables.on pages 22 to 25 give the bending moments for
various total loads per square foot and various spans for
continuous slabs over three or more supports, which slabs we
call simple slabs. The tables on pages 26 to 28 give the
bending moments for continuous slabs, supported on four
sides, which, for convenience, we call square slabs.

All these bending moments are for a slab ONE FOOT
WIDE, and throughout this book the slabs are figured by
first finding the bending moment per lineal foot width of slab.

As mentioned in the explanation of reinforced concrete
beams, in continuous slabs appear negative moments over the
supports, which should be taken care of by the same number
of rods as placed at the underside of the slabs. Formerly it
wasg tried to accomplish this by bending up over the supports
all or half the number of rods. While in theory this looks
simple enough, it is a difficult thing to obtain in practice.
The rods have a tendency to turn sideways, and very often
there is hardly a rod in five feet which is actually near the
top face over the supports. The result is that cracks appear
| in the slabs at, or a few inches alongside, the beams. This
" is the reason why the writer advocates placing separate rods
. of the same number as those used at the underside and of a
| length = 0.4 of the span, at the top of the slab. These rods

are placed after the slab is concreted and are pressed into the
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wet concrete. The writer does not find the same difficulty
in case of square slabs, for the reason that the spans are
much larger and the rods, if temporarily supported by short
piceces of scantling or permanently by special bars, will hang
through in a catenary and have no tendency to turn side-
ways. Therefore, no extra rods are to be placed in square
slabs.

Figures 4 and 5 show the standard design for simple and
square slabs. For the bending moment per lineal foot of
square slabs from the total dead and live load we adopt the

formula P! in case of continuous slabs, and 1;_102 in case

of freely supported slabs.

This represents the average bending moment per lineal foot
in each of the two main directions. A simple consideration
will show that the maximum bending moment must occur in
the central portion of the slab, and for this reason we pro-
pose the following rule for the spacing of bars in square
slabs.

-After having determined the sectional area of the reinfore-
ing per lineal foot and the corresponding sizes and spacing of
the bars from tables on pages 12 to 15, divide the span in
inches by the spacing of the rods in inches and obtain the
total number of the rods, required in one direction. Place
one-half of this number in the middle third of the span,
while the other half may be equally distributed in the outer
thirds.

‘Where panels are not exactly square but where the ratio
of the sides is not greater than 1.33, we find the average
moment per lineal foot by the formula I;_f » When l==mean
between the two sides in feet. '

It is not economical to comsider slabs supported on four
sides when the ratio of the sides is greater than 1.5.

In some instances, as for dead loads, continuous water and
earth pressures, continuous footings, it is good practice to’
figure the bending moment in continuous simple slabs by the

formula Pl_z
12
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Examples: A" continuous slab has to support, on a clear
span of 9° 6", a total load of 350 pounds per square foot.

The bending moment per lineal foot = 3_50%'52;3150 foot-

pounds, which can also readily be found in table on page 23.
On page 17 we find that a 6 slab with 0.504, or a 61" slab
with 0.42 square inches of reinforcement per lineal foot will
answer. If we adopt the first, we can find on page 14 that

%" square bars, 6" c.c. will suffice. Over the supports we

shall place the same rods, but only 4" long. The longitudinal

reinforcement should not be less than 4% = 0.09 square
inches per lineal foot, which corresponds to 33" square bars,
18" ec.c. The weight of a bar of steel one inch square and
one foot long is 3.4 pounds. Hence the theoretical weight of
the reinforcement per square foot is found by multiplying the
area per lineal foot by 3.4. On account of the rods extend-
ing at least 0.12 of the span beyond the center of the beams
and on account of the extra rods, this coefficient increases to
an average of 5.3, and the weight of the reinforcement per
square foot in our case = 0.504X5.3=2.7 pounds, which is
also given in table on page 14. To this is to be added the
weight of the longitudinal reinforcement for which the co-
efficient of 4 will suffice, or can be found on page 13.

Second Example: A continuous square slab of 15.5" clear
- span has to support a total load of 150 pounds per square
foot. The average bending moment per lineal foot

150x15.52

24

direct]y from table on page 28. On page 17 we find that a
5" slab, reinforced by 0.21 square inches, will do. On page
12 we learn that 0.21 corresponds to 3§" round bars 614" c.c
This requires 30 bars in the length of 15.5’, 15 of which we
we shall space 4” c. c. in the middle third, whx]e in each outer
third we shall have seven spacings of 714",

We can use the same thickness of slab and the same rein-
*orcement if the slab has the dimensions 14'x17’, with the
 .xception that 33 rods will run in the shorter way, and 27

rods will run the long way. It is the writer’s practice to let

‘u

=1500 foot-pounds, which can also be taken



68 MENSCH, THE REINFORCED

only those rods hang through a catenary, which are placed
in the middle third, while those in the outer third remain
straight. This considerably facilitates the placing of the
rods. The wiring of floor rods at each intersection is a great
waste of money. Two at the utmost three points in each rod
need only to be faStened to other rods. The binding wire
should be No. 16 annealed wire. The rods should extend at
least 0.12 of the span beyond the center of the beams, both
in simple and square slabs.

Third Example: A lintel, 17” wide and of a clear span of
9’, has to support 2000 pounds per lineal foot. Assuming the
bearing is 9”, we shall take the span =9.75’. The bending

moment = 2000X9.75% 54009 foot-pounds, or per lineal foot

width of lintel 24000--1.42=17000 foot-pounds. On page 19
we find that this requires a slab 15" thick, reinforced by .99
square inches per lineal foot width, or 1.41 square inches for
a width of 17", which corresponds to 2-8¢”and 2-3,” round
bars, as can be seen on page 5.

It may be well before closing this chapter to remark that
the longitudinal reinforcement of 1%49% is in fact too small to
prevent cracks. It represents, however, actual practice, and
no great inconveniences ocecurred. In roofs and other strue-
tures exposed to the elements, the longitudinal reinforcement
should not be less than 14 %. The weight of a slab per square
foot, in pounds, can be found by multiplying the thickness in
inches by 12.
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EXPLANATION OF TABLES ON WALL AND COLUMN
FOOTINGS.

The bending moment in foot-pounds in wall footings of the
type siown in Figure No. 9, we assume to be equal t0221—2
when p the load on the ground per square foot and 1 the pro-
jection in feet. Having found the bending moment, we can
find the thickness of the concrete and the area of the re-
inforecing from the slab tables on pages 16 to 20. The shear
in footings is greater than in any other member of construe-
tion, and therefore we recommend and have adopted the
minimum percentage of reinforcement of 4%, to obtain the
greatest depth of footing. We recommend the use of com-
paratively small bars with close spacing for the reinforce-
ment. For example: where 0.6 square inches of steel per
lineal foot is required, the use of 14’ square bars 5 c. ¢. will
be preferable to 53" square bars 73" on centers.

We consider column footings as cantilevers in four direc-
tions, and the theoretical bending moment at a cross section

through the center of the footing would be p_t-x; , if the

column load be concentrated at a point in the center. In as
much as the column distributes the load over its own area,
the bending moment is reduced in the footings shown in

table to about Pl—? , when p the load on ground per square

foot, and s the side of footing in feet. On account of the
trapezoidal form of the section, we consider the footing as
a slab of only half the width of the footing. On account of
the great shear values we again adopt only the minimum
amount of reinforcement of 14 9% in order to obtain the
greatest depth. Also here the use of small rods and close
spacing is recommended.

For Example: A footing has to support a load of 180,000
pounds on ground which will carry 6000 pounds per square
foot. On page 32 we find that the footing should be 5% 67
square. The depth of the footing in the center is 22” and at
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the edge 8”. We have to place 1.82 square inches of steel in
the two main directions, which correspond to nine 14" round
bars in each direction. No column smaller than 14" should
be placed on this footing, and in figuring the cubical contents
it was assumed that the top is 14+4-12=26" square. Such a
footing would contain 37 cubic feet of conecrete and 70 pounds
of steel.

Cantilever Footings: Where a column or wall footing must
be kept inside the property line and where the width of the
footing is so great that the center of pressure comes outside
of the middle third of the footing and produces too high a
unit pressure on the ground, a cantilever construction, as
shown in Figures Nos. 7 and 8 should be resorted to.

For an example we shall assume that the column A has to
support 450,000 pounds and that the allowable pressure on
the soil is 5000 pounds per square foot. Columns A are 18’
on centers; this requires a footing alongside the property line
450.000
5000x18
clear span of 18'—3’0”=15" and loaded by 5000 pounds per

=5’ 0" wide. This.footing we figure as a slab of a

square foot. The bending moment in this slab ___._500(1)’;152

=94000 foot-pounds per lineal foot of width. The column
can take up the load from 2° 6” width of the slab as a
symmetrical load, but the load from the other 2’ 6" must be
transferred to the column by means of the cross-beam ‘¢ AB.”’
We err on the safe side if we assume the bending moment on

the cross-beam to be 5000X%2.50X18X 2'250 =280,000 foot-

pounds. This assumes that the cross girder does not act as
footing itself, and in building the cross girder loose rock
one foot deep should be placed at the bottom to allow of
slight settlements.

The formula: bending moment in foot-pounds=Coeflicient
Xsquare of thickness of slab in inches, will enable us to find
the dimensions of the footing slab and cross girder. For %%
of reinforcement the coefficient = 50 or the square of the

thickness for the footing slab = .sibg_o_o = 1880, or the thick
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ness 43”. The bending moment per foot width of ecross
girder=280,000+-3=93300 foot-pounds; therefore, a slab of
43", reinforced by 14 %, will also answer.

The amount of steel in the footing slab = 60x43xﬁ=6.5

square inches, and in the cross girder = 36x43x4%0==3,8

square inches, corresponding to three 114" and three 114",
and to three 74" and three 1" bars, respectively. It is clear
that these rods must be placed at the top of the slabs, and in
case of the footing slab, the three 114" bars should be bent
down at the supports to take care of the shear and of the
negative moments. Besides, three 114" bars, 77 3" long,
should be placed at the bottom of the footing slab at the
columus, also to take care of the negative moments. Figuring
the cost of concrete at 30c per cubic foot, steel at 2l5¢ per
pound, the average cost of this cantilever footing per lineal
foot of wall is only $9.20.

Second Example: Let us assume a 17" concrete basement
wall has to support 20000 pounds per lineal foot. The interior
columns are spaced 16’ on centers. Allowing 5000 pounds per
square foot on the ground, the width of the wall footing
=20000-+-5000=4". The width of 4'—1’-5”=2'-7” produces
an excentric loading, and must be designed to transmit the

load to the cross girders. The bending moment = 5000x13.5%

=76000 foot-pounds. For 14% of reinforcement the square
of the depth in inches=76000-:-50=1530, or the depth practi-

cally 40”, and the amount of reinforcing =33X4OX4TIO=

3.1 square inches, or four 1" round bars.
The bending moment for the cross girder = 5000X2.583 X
16x.2:583 —

=267,000 foot-pounds, or per lineal foot width—
89000. A depth of 40" requires a coefficient of 89000:1600—
56, or per table on page 64 a percentage of 0.325. The area
of the steel in the cross girder =§_6%0 X0.325=4.T square

ches,
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The cost of this footing is only $7.49 per lineal foot of wall.
Careless designers often omit to take care of the excentric
loading, and the whole saving amounts only to $3.50 per
lineal foot in such a case as this, but endangers the stability
of the building.

EXPLANATION OF THE OCOLUMN TABLES.

The sizes of the columns here adopted are governed by the
commercial sizes of lumber, and the scheme of the form work
may be found on page 102. Most of the building ordinances
of the larger cities of the United States allow a stress of 450
pounds per square inch on the concrete section, and 15 times
this amount = 6750 pounds per square inch on the steel sec-
tion, which specifications represent safe practice, but should
be amended in regard to the limiting of the amount of rein-
forcing and in regard to the mixtures of the concrete. Ex-
periments have demonstrated that the steel does not take 6750
pounds stress if the reinforcement exceeds 5% of the cross
section; they have further demonstrated that we can increase
the stresses both on the concrete and on the steel, if we use
richer mixtures than one part cement to six parts of sand and
crushed rock, and we can lay down the following rules:

For 1:6 mixture allow per square inch 450 pounds on con-
erete and 6750 pounds on steel;

For 1:5 mixture allow per square inch 500 pounds on con-
crete and 7500 pounds on steel;

For 1:4 mixture allow per square inch 550 pounds on con-
crete and 8250 pounds on steel;

For 1:3 mixture allow per square inch 600 pounds on con-
crete and 9000 pounds on steel;
which increases the loads in the tables 11%, 229% and 33%,
respectively; or we have to decrease the given column loads
by 9%, 18% or 25% in order to use readily the table figures.

It is cheaper to use richer mixtures, but at the same time
it must be considered that richer mixtures are less fireproof
than leaner mixtures. Most building ordinances specify that
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the outer inch of concrete shall not be considered as carrying
stress, and in this case take the column one size larger than
found in the tables.

The value of ties binding the column rods together is

largely over-estimated. The ordinances generally specify the
ties to be not farther apart than the least dimension of the
column, without specifying the size of the ties or the kind
of connections. We to-day know that the steel rods have
only the task of keeping the strength of the concrete within
the same value as that found in compression tests on cubes
of 12" size, and that the failure of columns are produced by
shearing of the concrete on 45°, which failure cannot be pre-
vented by the ties ordinarily used. Ties are, however, neces-
sary in order to hold the steel rods in place, and in some
cases to guard against shear, especially in excentrically
loaded columns.
" The writer finds it cheaper to use coils instead of loose ties,
which coils consist of No. 3 soft annealed wire, and have a
pitech of 12”. They are made by winding the wire on a
collapsible core. The weight in pounds per foot of these coils
is found by dividing the side of the coil in inches by 20.
Where columns connect with smaller columns on top it is the
writer’s practice to slope the rods uniformly from the bot-
tom to the top where the difference in size is not very con-
siderable, say not more than eight inches. In this case, the
coils must reduce in diameter towards the top, which is done
on a tapered core.

The column rods should be connected at each floor level,
either by over-lapping of the rods or by means of gas pipe
sleeves, as given in the tables. The space between the steel
rods and the pipes should be carefully grouted with cement and
sand in proportion of one to two. Where the size of the columns
as given in pages 36 to 41 is too large, Considere columns
or hooped columns, as given on pages 42, 43, may be used.
Considere demonstrated that hooping increases the strength
of the concrete 20%, and that the value of the reinforcing by
coils or hoops is 2.4 times the value of the reinforcing by

»ngitudinal rods, provided that the pitch of the helix of the
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coils or the distance of the hoops does not exceed 1/7 of the
diameter of the coils. Assuming 1:3 concrete, we are justified
to allow 720 pounds per square inch in compression on the
concrete, 10800 pounds per square inch on the longitudinal
reinforcement, and 25420 pounds per square inch on the ideal
longitudinal reinforcement which has the same weight as the
coils adopted.

Where even Considere columns give too large dimensions
for the columns, structural steel columns enclosed by con-
crete should be adopted. Allow 12000 pounds fibre stress on
the steel section, and 300 pounds per square inch on the con-
crete section.

The Column Tables give the load in 1000 pounds for
columns reinforced by round bars.

The milling of the ends of rods at the column connectiors
is considered an expense wrongly applied. It is nearly im-
possible to bring the rods to a square bearing, and in as much
as the rods only safeguard the cubical compressive strength
of the concrete, the gas pipe sleeves amply fulfill all require-
ments for transmitting occasional tensile stresses.

The connection of the columns with the footings is best
done in the following manner: When concreting the footings,
insert tapered cores about one inch larger in diameter than
the size of the column rods and of a length to reach within
4" to 6” of the bottom of the footing. Of course, the position
and number of these cores must correspond with the column
rods. The cores must be pulled out within six to twelve hours
after concreting, and the holes temporarily closed by wooden
stoppers to prevent dirt falling in. After the column rods are
inserted fill in with grout of a mixture one part cement to
one of sand.
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EXPLANATION OF TABLES ON FLOOR CONSTRUCTION
ON PAGES 44 TO b54.

In order to readily estimate the cost of reinforced floor
and girder construction, to compare the cost of floors of
different spans and floor loads, and to relieve the busy en-
gineer and architect of a great deal of mechanical work,
these tables were figured for the spans most commonly used
in construction work. The figures at the top mean the dis-
tances of the columns center to center in feet; for example:
12/16 means that the columns are spaced 12’ in one direction
and 16" feet in the other direction. Only in loft, factory or
warehouse buildings is the choice of the arrangement or gir-
ders and beams entirely free. In other buildings, it is often
desired that the beams coincide with certain partitions, or
that the floor construction offers a pleasing appearance, which
latter effect is generally obtained by square panel construc-
tions. It is obvious that the cost of the floor and beam con-
struction will depend on the amount of concrete, steel and
form lumber required, and the best basis of comparison is the
average cost per square foot, and for this reason we give in
the tables the average quantities of concrete, steel and form
lumber per square foot, which includes girders, beams and
floor slabs. In most of the cases the cheapest possible
arrangement of beams and girders was adopted, although a
change in the number of direction of beams may vary the
cost only a few per cent. The fact that the actual amount
of material required for a certain floor construction is less
than that required in another does not always mean that
this floor construction is actually the cheapest. If in this
floor construction more beams are used than in another, it
is to be considered that the unit labor for the form work is
increased, also that of the steel labor and to a smaller extent
that of the concrete labor.

Figures 11-17 show that we omly adopted seven different

7pes of girder, beam and slab arrangements for the floor
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constructions on pages 44-54. In these tables the first two
lines give the serial number of the girder or beam of the
beam tables; the third line gives the thickness of the floor
slab; the fourth line, the weight of steel per square foot in
the slab (except the weight of longitudinal rods in simple
slabs), by which weights the proper reinforcement may be
found from tables on pages 12 to 15; the fifth line gives the
average amount of concrete in cubic feet per square foot of
floor, including all girders, beams and slabs; the sixth line
gives the average weight of steel of the floor construction;
and the seventh line, the average amount of lumber required
for the forms of girders, beams and slabs for the story heights
noted at the head.

The -cost of a cubic foot of concrete in place varies from
20 to 30c; the cost of a pound of steel in place from two to
three cents; the cost of the forms from $40 to $50 per 1000
feet B. M., acording to localities, with a very close average
of the mean of these figures for most of the large cities of the
United States, or 25¢ per cubic foot of concrete, 2l%¢ per
pound of steel, and $45 per 1000 feet B. M. for the forms.
These figures, as a rule, do not include the contractors’ profit
or installation of plant, office expense, ete.

For heavy loads, say 250 pounds per square foot and over,
bays 14'x14’ are gemerally the cheapest. According to our
tables the cost per square foot of a floor 14'x14’ and 250
pounds per square foot total load == 0.58 X 25¢-+3.45X21%c+
2.95%4.5=36.7c per square foot. For bays 16'x16’ the cost per
square ft. would be 0.594 X25¢-4.25 X 21%¢+43.13 X 4.5=40.4c;
and for bays 18'x18" and the same floor load the cost per
square foot would be 0.702X25¢44.63X21%c+3.14X4.5=
43.4c. The cost of the columns and footings will be only very
little diminished on account of the reduced number of
columns; hence the difference of the above costs per square
foot will very closely represent the actual difference.

For light loads probably 16'x16’ is the most economical
arrangement of bays, while 18°x18’ costs only very little more.
In the same manner we can compare all other spans and floo
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loads. The dead load of the entire floor construction per
square foot is found by multiplying the figures in the fifth
line by 144.

For a given span, 16'x16’ for example, the most economical
arrangement of beams is not always the type mentioned at
the head of the table. While Type A may be the cheapest
for 200 pounds per square foot, Type C is somewhat cheaper
for 500 pounds per square foot.

At the head of each span is also given the number of sup-
ports required for the form work in one panel, and the story
heights for which these supports are safe; these are figured
in the average amount of form lumber per square foot.

In applying the average costs, taken from these tables,
for the entire floor of a concrete skeleton building, it must
be borne in mind that the spandril beams which carry the
brick curtain walls are considerably more expensive than the
beams in the floor construction; also that the beams at half
the girt of the building are omitted, when figuring the
average per square foot. The spandril beams are generally
of two sizes, viz: 1214”x18” and 121%’'x24"” and reinforced
in both cases by about four 1” round bars, requiring per lineal
foot 1.57 cubic feet of concrete, 15 pounds of steel, 11 feet
of lumber and 2.1 cubic feet of concrete 15 pounds of steel
and 13 feet of lumber, respectively. For checking purposes
or for quick estimates, we obtain a fairly close figure for the

floor construction of the building if we add to the product of .

floor area by the average cost of floor per square foot the
cost of the spandril beams of a length — 0.7 of the girt of
the building. We can do this for every story as well as for
the roof, and obtain the cost of the floor construction of the
entire building. The cost of the columns can be found very
closely by the consideration that the average cost of the
columns is very close one cent per lineal foot for each thous-
and pounds load.

The following example shows how to obtain the cost of
columns per square foot of an entire building very quickly:

Let us assume the same building as on page 88.

|
NI
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12 72 100 7200

12 60 150 2000

12 48 175 8400

N ERT 36 200 7200
o1 24 250 6000
@ | 10 300 3000
oa........... 1175 40800

In the third c¢olumn are formed thé sums of the story
heights from basement up to each particular floor; in the
fourth column are noted the total floor loads from the floor
above the line on which the figures are printed; in the fifth
column are noted the products of the figures in third and
fourth columns, and these figures added up give 40800, which
represents the number of pounds—lineal feet in the columns
per square foot of the building. Every thousand pound-feet
costs one cent; hence 40.8c is the cost of the columns per
square foot of the building. The cost of footings for a per-
missible load of 5000 pounds per square foot on the ground
is closely 10c for each thousand pounds. By adding the
figures in the fourth column, we find as the total of all floor
loads per square feet of the building 1175 pounds, or the cost
of the footings per square foot of the building 11.75 cents.

In the cost of the columns, determined by this method, is
not included the cost due to the weight of the curtain walls.
This cost we obtain by substituting in the fourth column for
the floor loads the weight of the walls in each story per lineal
foot of girt. Then the product of the figures in the third
and fourth columns added up gives us the number of pound-
feet in the outside columns per lineal foot of girt. In as
much as the outside columns are considerably larger than
required for strength, it is better to figure the cost of 1000
pound-feet as 1%e.
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Where the outside walls are bearing walls, the cost of the
columns and footings, obtained by the above-mentioned
method, are to be decreased in the proportion of floor area
which is carried by columns to the total floor area of the
building.

REINFORCED CONCRETE WALLS.

Reinfored concrete walls should be used in buildings only
for pertinent reasons, as, for example, to save floor space, or
to take care of wind stresses or to guard against earthquakes.
The walls are always more expensive than 12” brick curtain
walls. They are rarély less than four inches, nor more than
eight inches thick, and must be reinforced in horizontal
direction by %%, and in vertical direction by 3§ to 14%.
Openings should preferably have rounded corners, and the
walls must be reinforced above the openings by at least 1%,
and should have a reinforcement under 45% at all four
corners, the same as above the openings.

Reinforced concrete walls are not waterproof, and must
be given a coat of R. T. W. paint or cement finish, to prevent
the moisture penetrating.

The forms cost, as a rule, more than the concrete and re-
inforcement taken together.
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EXPLANATION OF TABLES ON GIRDERLESS FLOOR
CONSTRUCTION.

The great cost of the form-labor and of the additional cost
of plastering of beams, caused the designers to reduce the
number of beams by using square panel construction, and a
further step was the suppression of girders entirely, as shown
in Figure 18. The floor in this case is generally supported
by columns with flaired capitals, and, in case of end panels,
partially by columns and partially by girders or walls. This
construction is economical only when the panels are nearly
square or when the ratio of the sides of the rectangles, en-
closed by the columns, does not exceed 1.33. The problem
of calculating the stresses in a plate supported at four points
was first thoroughly investigated by the celebrated Prof.
Grashof in connection with the strength of endplates in
steam boilers, which are held in position by staybolts. He
gives the greatest bending moment per lineal foot in such a

plate =§};_1?5 , which formula he derived more by an eliminating

process than by exact science. By similar reasoning, we lay
down the following rule for the computation of girderless
floor construction: We divide the panel in strips of a width
of 0.35 1, when 1 is the distance c.c. support in feet; two
strips run diagonally, while the others run in the line of the
columns. The greatest bending moment per lineal foot of
such a strip we assume =%, when the size of the capital of

the supporting column is at least 0.23 1. From this bending
moment we easily obtain the required thickness and reinfore-
ing from the slab tables on pages 16 to 20. When the panel
is not exactly square we substitute for 1 the mean of the two
sides of the rectangle.

The rods should hang through in the form of a catenary
reaching from the underside of the slab in the center to near
the top of the slab at the supports. The rods running in the
direction of the columns should extend into the adjoining
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panel 0.121, while the diagonal rods should extend 0.161 be-
yond the column center. '
Comparing the quantities required for this type of floor
construction with those given in tables on pages 44-54, we
find that the girderless floor constructions take less concrete
and steel than where beams and girders are used. It takes
also less lumber for the forms, the average for this type being
_ only 2.90 feet of lumber per square foot, and in as ‘much as
the unit labor for steel and form work is considerably less
than for the other types of comstruction, the girderless floor
is certainly the cheapest of all reinforced floor constructions.

Fig. 18. Showing Strips and Capitals of Columns in
Girderless Floor.
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DETAILED DESIGN AND COMPUTATION OF COST OF
A REINFORCED CONCRETE SEKELETON BUILDING.

Let us assume a five-story and basement warehouse build-
ing on a lot 67'x200’; and that only two rows of columns are
desired in the building. The most economical bay distances
for the columns will be 14'x22’. The schedule of page 84
shows how we figure the interior columns. As total load per
square foot for each floor we enter the full dead load and the
full or a fraction of the live load, according to the require-
ments of the particular building ordinance. In adding up the
floor loads as shown in the fourth column, we can, by means
of one setting of the slide-rule, very readily obtain the
column loads in the various stories, as these total floor loads

;must be multiplied with the area of the panel carried by the
{column=14X22=308 square feet. The size of the column,
the reinforcement, the unit quantities of concrete and steel
per lineal foot of column, we can directly take from pages
36 to 43, while the form lumber can be taken from page 41.

or each story it requires again only one setting of the slide-
rule to find the concrete, steel and form lumber for each
story, which are entered in the eleventh, twelfth and
thirteenth columns. In the fourteenth column is entered the
tveight of the gas pipe sleeves at each floor level. To the
lWweight of the reinforcement per lineal foot as taken from
khe tables on pages 36 to 43, must be added the weight of
khe coil which ties the rods together, which weight=1/20 of
the side of columns in inches.

The length of the reinforcing rods for the basement
columns must be taken about 18" greater than 10°, on aceount
of the extension into the footings.

The totals of the eleventh, twelfth, thirteenth and four-
teenth columns give us the quantities in one interior column
for the entire height of the building. The outside columns
have to carry ome-half of the floor loads of the interior
columns, which we entered in the third column. A portion o
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the outer inch of concrete shall not be considered as carrying
stress, and in this case take the column one size larger than
found in the tables.

The value of ties binding the column rods together is

largely over-estimated. The ordinances generally specify the
ties to be not farther apart than the least dimension of the
column, without specifying the size of the ties or the kind
of connections. We to-day know that the steel rods have
only the task of keeping the strength of the concrete within
the same value as that found in compression tests on cubes
of 12" size, and that the failure of columns are produced by
shearing of the concrete on 45°, which failure cannot be pre-
vented by the ties ordinarily used. Ties are, however, neces-
sary in order to hold the steel rods in place, and in some
cases to guard against shear, especially in excentrically
loaded columns.
" The writer finds it cheaper to use coils instead of loose ties,
which coils consist of No. 3 soft annealed wire, and have a
pitch of 12”. They are made by winding the wire on a
collapsible core. The weight in pounds per foot of these coils -
is found by dividing the side of the coil in inches by 20.
Where columns connect with smaller columns on top it is the
writer’s practice to slope the rods uniformly from the bot-
tom to the top where the difference in size is not very con-
siderable, say not more than eight inches. In this case, the
coils must reduce in diameter towards the top, which is done
on a tapered core.

The column rods should be connected at each floor level,
either by over-lapping of the rods or by means of gas pipe
sleeves, as given in the tables. The space between the steel
rods and the pipes should be carefully grouted with cement and
sand in proportion of one to two. Where the size of the columns
as given in pages 36 to 41 is too large, Considere columns
or hooped columns, as given on pages 42, 43, may be used.
Considere demonstrated that hooping increases the strength
of the concrete 20%, and that the value of the reinforcing by
coils or hoops is 2.4 times the value of the reinforcing by
longitudinal rods, provided that the pitch of the helix of the
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coils or the distance of the hoops does not exceed 1/7 of the
diameter of the coils. Assuming 1:3 concrete, we are justified
to allow 720 pounds per square inch in compression on the
concrete, 10800 pounds per square inch on the longitudinal
reinforcement, and 25420 pounds per square inch on the ideal
longitudinal reinforcement which has the same weight as the
coils adopted.

Where even Considere columns give too large dimensions
for the columns, structural steel columns enclosed by con-
crete should be adopted. Allow 12000 pounds fibre stress on
the steel section, and 300 pounds per square inch on the con-
crete section.

The Column Tables give the load in 1000 pounds for
columns reinforced by round bars.

The milling of the ends of rods at the column connectiors
is considered an expense wrongly applied. It is nearly im-
possible to bring the rods to a square bearing, and in as much
as the rods only safeguard the cubical compressive strength
of the concrete, the gas pipe sleeves amply fulfill all require-
ments for transmitting occasional tensile stresses.

The connection of the columns with the footings is best
done in the following manner: When concreting the footings,
insert tapered cores about one inch larger in diameter than
the size of the column rods and of a length to reach within
4" to 6” of the bottom of the footing. Of course, the position
and number of these cores must correspond with the column
rods. The cores must be pulled out within six to twelve hours
after concreting, and the holes temporarily closed by wooden
stoppers to prevent dirt falling in. After the column rods are
inserted fill in with grout of a mixture one part cement to
one of sand.
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EXPLANATION OF TABLES ON FLOOR CONSTRUCTION
ON PAGES 44 TO b54.

In order to readily estimate the cost of reinforced floor
and girder construction, to compare the cost of floors of
different spans and floor loads, and to relieve the busy en-
gineer and architect of a great deal of mechanical work,
these tables were figured for the spans most commonly used
in construction work. The figures at the top mean the dis-
tances of the columns center to center in feet; for example:
12/16 means that the columns are spaced 12’ in one direction
and 16° feet in the other direction. Onuly in loft, factory or
warehouse buildings is the choice of the arrangement or gir-
ders and beams entirely free. In other buildings, it is often
desired that the beams coincide with certain partitions, or
that the floor construction offers a pleasing appearance, which
latter effect is generally obtained by square panel construc-
tions. It is obvious that the cost of the floor and beam con-
struction will depend on the amount of concrete, steel and
form lumber required, and the best basis of comparison is the
average cost per square foot, and for this reason we give in
the tables the average quantities of concrete, steel and form
lumber per square foot, which includes girders, beams and
floor slabs. In most of the cases the cheapest possible
arrangement of beams and girders was adopted, although a
change in the number of direction of beams may vary the
cost only a few per cent. The fact that the actual amount
of material required for a certain floor construction is less
than that required in another does not always mean that
this floor construction is actually the cheapest. If in this
floor construction more beams are used than in another, it
is to be considered that the unit labor for the form work is
increased, also that of the steel labor and to a smaller extent
that of the concrete labor.

Figures 11-17 show that we only adopted seven different

ypes of girder, beam and slab arrangements for the floor
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constructions on pages 44-54. In these tables the first two
lines give the serial number of the girder or beam of the
beam tables; the third line gives the thickness of the floor
slab; the fourth line, the weight of steel per square foot in
the slab (except the weight of longitudinal rods in simple
slabs), by which weights the proper reinforcement may be
found from tables on pages 12 to 15; the fifth line gives the
average amount of concrete in cubic feet per square foot of
floor, including all girders, beams and slabs; the sixth line
gives the average weight of steel of the floor construction;
and the seventh line, the average amount of lumber required
for the forms of girders, beams and slabs for the story heights
noted at the head.

The -cost of a cubic foot of conerete in place varies from
20 to 30c; the cost of a pound of steel in place from two to
three cents; the cost of the forms from $40 to $50 per 1000
feet B. M., acording to localities, with a very close average
of the mean of these figures for most of the large cities of the
United States, or 25c¢ per cubic foot of concrete, 2%%c per
pound of steel, and $45 per 1000 feet B. M. for the forms.
These figures, as a rule, do not include the contractors’ profit
or installation of plant, office expense, ete.

For heavy loads, say 250 pounds per square foot and over,
bays 14'x14’ are gemnerally the cheapest. According to our
tables the cost per square foot of a floor 14'x14’ and 250
pounds per square foot total load = 0.58 X25¢+4-3.45X2%5c 4
2.95 X 4.5=36.7Tc per square foot. For bays 16'x16" the cost per
square ft. would be 0.594 X25¢+4.25X 2%c+3.13 X 4.5=40.4c;
and for bays 18'x18’ and the same floor load the cost per
square foot would be 0.702X25¢4-4.63X2%%e+3.14X4.5=
43.4c. The cost of the columns and footings will be only very
little diminished on account of the reduced number of
columns; hence the difference of the above costs per square
foot will very closely represent the actual difference.

For light loads probably 16'x16’ is the most economical
arrangement of bays, while 18'x18’ costs only very little more.
In the same manner we can compare all other spans and floo
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loads. The dead load of the entire floor construction per
square foot is found by multiplying the figures in the fifth
line by 144.

For a given span, 16'x16” for example, the most economical
arrangement of beams is not always the type mentioned at
the head of the table. While Type A may be the cheapest
for 200 pounds per square foot, Type C is somewhat cheaper
for 500 pounds per square foot.

At the head of each span is also given the number of sup-
ports required for the form work in one panel, and the story
heights for which these supports are safe; these are figured
in the average amount of form lumber per square foot.

In applying the average costs, taken from these tables,
for the entire floor of a concrete skeleton building, it must
be borne in mind that the spandril beams which carry the
brick curtain walls are considerably more expensive than the
beams in the floor construction; also that the beams at half
the girt of the building are omitted, when figuring the
average per square foot. The spandril beams are generally
of two sizes, viz: 1214”x18” and 1214"x24” and reinforced
in both cases by about four 1” round bars, requiring per lineal
foot 1.57 cubic feet of concrete, 15 pounds of steel, 11 feet
of lumber and 2.1 cubic feet of concrete 15 pounds of steel
and 13 feet of lumber, respectively. For checking purposes
or for quick estimates, we obtain a fairly close figure for the
floor construction of the building if we add to the product of
floor area by the average cost of floor per square foot the
cost of the spandril beams of a length = 0.7 of the girt of
the building. We can do this for every story as well as for
the roof, and obtain the cost of the floor construction of the
entire building. The cost of the columns can be found very
closely by the consideration that the average cost of the
columns is very close one cent per lineal foot for each thous-
and pounds load.

The following example shows how to obtain the cost of
*olumns per squarc foot of an entire building very quickly:
Let us assume the same building as on page 88.
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l
| Total Noight | Total Floor Foot
Fleers Neights |
Sy imml Leads por S.Ft. Pounts
12 72 100 7200
12 60 150 4000
12 48 175 8400
12 36 200 7200
14 24 250 6000
]Q 10 300 3000
™. 1175 40800

In the third column are formed the sums of the story
heights from basement up to each particular floor; in the
fourth column are noted the total floor loads from the floor
above the line on which the figures are printed; in the fifth
column are noted the products of the figures in third and
fourth columns, and these figures added up give 40800, which
represents the number of pounds—Ilineal feet in the columns
per square foot of the building. Every thousand pound-feet
costs one cent; hence 40.8c is the cost of the columns per
square foot of the building. The cost of footings for a per-
missible load of 5000 pounds per square foot on the ground
is closely 10c for each thousand pounds. By adding the
figures in the fourth column, we find as the total of all floor
loads per square feet of the building 1175 pounds, or the cost
of the footings per square foot of the building 11.75 cents.

In the cost of the eolumns, determined by this method, is
not included the cost due to the weight of the curtain walls.
This cost we obtain by substituting in the fourth column for
the floor loads the weight of the walls in each story per lineal
foot of girt. Then the product of the figures in the third
and fourth columns added up gives us the number of pound-
feet in the outside columns per lineal foot of girt. In as
much as the outside columns are considerably larger than
required for strength, it is better to figure the cost of 100C
pound-feet as 134e.
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Where the outside walls are bearing walls, the cost of the
columns and footings, obtained by the above-mentioned
method, are to be decreased in the proportion of floor area
which is carried by columns to the total floor area of the
building.

REINFORCED CONCRETE WALLS.

Reinfored concrete walls should be used in buildings only
for pertinent reasons, as, for example, to save floor space, or
to take care of wind stresses or to guard against earthquakes.
The walls are always more expensive than 12” brick curtain
walls. They are rarely less than four inches, nor more than
eight inches thick, and must be reinforced in horizontal
direction by %%, and in vertical direction by 14 to 14 %.
Openings should preferably have rounded cornmers, and the
walls must be reinforced above the openings by at least 1%,
and should have a reinforcement under 45% at all four
corners, the same as above the openings.

Reinforced concrete walls are not waterproof, and must
be given a coat of R. T. W. paint or cement finish, to prevent
the moisture penetrating.

The forms cost, as a rule, more than the concrete and re-
inforcement taken together.
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EXPLANATION OF TABLES ON GIRDERLESS FLOOR
CONSTRUCTION.

The great cost of the form-labor and of the additional cost
of plastering of beams, caused the designers to reduce the
number of beams by using square panel construction, and a
further step was the suppression of girders entirely, as shown
in Figure 18. The floor in this case is generally supported
by columns with flaired capitals, and, in case of end panels,
partially by columns and partially by girders or walls. This
construction is economical only when the panels are nearly
square or when the ratio of the sides of the rectangles, en-
closed by the columns, does not exceed 1.33. The problem
of calculating the stresses in a plate supported at four points
was first thoroughly investigated by the celebrated Prof.
Grashof in connection with the strength of endplates in
steam boilers, which are held in position by staybolts. He
gives the greatest bending moment per lineal foot in such a

plate =.B- which formula he derived more by an eliminating

process tha.n by exact science. By similar reasoning, we lay
down the following rule for the computation of girderless
floor construction: We divide the panel in strips of a width
of 0.35 1, when 1 is the distance ec.c. support in feet; two
strips run diagonally, while the others run in the line of the
columns, The greatest bending moment per lineal foot of

such a strip we assume = glo , when the size of the capital of

the supporting column is at least 0.23 1. From this bending
moment we easily obtain the required thickness and reinfore-
ing from the slab tables on pages 16 to 20. When the panel
is not exactly square we substitute for 1 the mean of the two
sides of the rectangle.

The rods should hang through in the form of a catenary
reaching from the underside of the slab in the center to near
the top of the slab at the supports. The rods running in th
direction of the columns should extend into the adjoinin
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panel 0.121, while the diagonal rods should extend 0.161 be-
yond the column center. )
Comparing the quantities required for this type of floor
construction with those given in tables on pages 44-54, we
find that the girderless floor constructions take less concrete
and steel than where beams and girders are used. It takes
also less lumber for the forms, the average for this type being
_ only 2.90 feet of lumber per square foot, and in as much as
the unit labor for steel and form work is considerably less
than for the other types of comstruction, the girderless floor
is certainly the cheapest of all reinforced floor constructions.

Fig. 18. Showing Strips and Capitals of Columns in
Girderless Floor.
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DETAILED DESIGN AND COMPUTATION OF COST OF
A REINFORCED CONCRETE SKELETON BUILDING.

Let us assume a five-story and basement warehouse build-
ing on a lot 67'x200’; and that only two rows of columns are
desired in the building. The most economical bay distances
for the columns will be 14'x22’. The schedule of page 84
shows how we figure the interior columns. As total load per
square foot for each floor we enter the full dead load and the
full or a fraction of the live load, according to the require-
ments of the particular building ordinance. In adding up the
floor loads as shown in the fourth column, we can, by means
of one setting of the slide-rule, very readily obtain the
column loads in the various stories, as these total floor loads
must be multiplied with the area of the panel carried by the

‘| column=14X22=308 square feet. The size of the column,

the reinforcement, the unit quantities of concrete and steel
per lineal foot of column, we can directly take from pages
36 to 43, while the form lumber can be taken from page 41.
For each story it requires again only one setting of the slide-
rule to find the concrete, steel and form lumber for each
wtory, which are entered in the eleventh, twelfth and
thirteenth columns. In the fourteenth column is entered the
jveight of the gas pipe sleeves at each floor level. To the
weight of the reinforcement per lineal foot as taken from
he tables on pages 36 to 43, must be added the weight of
he coil which ties the rods together, which weight=1/20 of
he side of columns in inches.

The length of the reinforcing rods for the basement
columns must be taken about 18" greater than 10°, on aceount
of the extension into the footings.

The totals of the eleventh, twelfth, thirteenth and four-
teenth columns give us the quantities in one interior column
i‘or the entire height of the building. The outside columns
have to carry one-half of the floor loads of the interior
columns, which we entered in the third column. A portion of




MENSCH, THE REINFORCED

84

va1 | o101 |g2a1| 2'g02 : ' . Tipiig o) js WY IR 08 10 i)
09 081 (189 | +v¥ | 06T [¢'6F|0F'F | $+1-8 |¥25XCs | €9¢ 263| G8I [9IL [ 0°ISL | of [ Wemest
29z |oza| 29 | 08T [z2e|o0Le | #1-9 |¥eoxes | 85| ¥HaepT |16 |o0ger| ¥ | . W
% |z |eo1 |zee | oe1 (16 |31°¢ | —+ |$61x8c| Tog 191{0Tr|02 [0T6 | G1 | - M@
8l vt (o1 | w2 | 911 [1'6 | 0 | § % |¥oIxEq [OGHICFIN LL [6F |¢C0 | a1 | . M
8 1 zm leor | w2 | 911 |16 | 0 | §—F |Forxeslca8 [o9o [¥F 8¢ |gese | @1 | o W
8 Vzm leor| vz | 911 16 | 0% | % F |faIxeq |e9G @5 |11 |2 | ger | ar [maws
]

alm|.almn uw.u_wwm
!.__ﬁ_ ..-....:“_...s e
‘SNIWATOO FAISINO

(111 18 |veei 1°g91 ) T T 0w e ey 0N 19 )
081 |199 [o'v¥ | 0'61 [¢6F| ¥'¥ | $I-8 [FeGX g @o¢ eLTT , |_OL | mewesrq
09 01z foza [o'v¥ | 0°QL [3'2¢| ¥1°¢ | $1-9 [F13X 13 023 el8 omm FL | - W
O | ee1 |ooe |99z | 911 lo'ez|are | F1-F [RLixELi| B8T %9 0% ™7 | m
or 821 |zL1 (002 | L°OT (¢¥T|29°1 | $1-F (korx¥er| 181 (%34 wﬁ HEIEL
L1 to1 |eo1 o1 | 68 [8'8 |96 | & 5| zIxtri] L 093 sl BT AL
8 1 lee | 8 |18 99 |29 |& ¥ |o1x86 [ 18 001 I Tar [
. 001 e

SSANOIS | CR W8] | 3§ | Y AW PE| | sq] 0001 |3Y1 “u.:l 184

Em JOQER] NS | je0lS | 6053083 ) lg 8-:]‘-_ $91018

389 1o sopnmny pos Spee] 100)) Jo Wy .!zg_. pign

‘ONICTIAE FILTIONOO TVOIdAL JO SNWNTOD FOIdILNI



85

CONCRETE POCKET BOOK.

BOL| a5 |&e |G |aa |#a | W [eear) Jod o 1 spemey ! .
m:..ﬂ *93 *mc.ﬁ *92 _&.N_ 6L | s..._!..r......u&_:..;.a PRI W 000G1="7,~-XGLE
[ 81 1 [¥81 o AU eagpes
T T e i (OeL weag) Jquey weag | SFUA 04 SSQIQnsz
¢ | 00T |aIr | 211 {281 | #S1 Vsemy Injpuey w01
Fal 0% ] 0C 10G 0G| 8C | sesu iiem mess su) 73 0001 w sisomen Suppoeg | PUM4 1003 00EG¢= %ln?l
I€ | 0S | G9 |29 |28 |96 [ weer :eid wesj 34 3 0001 B sisemen Surpeeg e
™ _!_:s_!z..._l_.E ..._.!_!:.._ SNWS (82 SWY3E TNV
vzzi| vas | I 1 ey o
vl | 98 | L9 ¥ |ogkg |0001T |1-2—1-3 |09¢6 | FOIXFL |66¢[ 0G0 = gIGX°FX00INHL .
8Ly | oet| L9 ¥ |o06e |oocLl| $I-F |009FI | FOIXELL |aF| ¢ 66 = gI&Xr"XQ9IXPT |
ziz | e¥r| L9 b |006g |0061T( .I-9 (00091 ¥QIXEIT (68| ¥CI= gIGX'EXQ0GXFI
00z | 291 | ¢ ¥ {0089 |006¥G [F1-G ‘$1-3|00FLL | FOGXELIL |¢C| ©£LI=zC 06X XCGEXFI .
ove | 291 | L8 ¥ 00231 |0096G [F1-6 ¢, 1= 00FLT | FOGXFIT [8S]| £OTI=35C 03X EXCLGXFT *
oLz | 081 ,G ¥ 00291 |000¢e| ¥1-9 |0088I| FeaxFIL (69| G6I=gC 0GXNXCGOXTT
[o%g | 0130e] | SORN| L]
uodtag | 90U | spemey | spemey ek e
I P A BT B - wr |f spaneq 1003 0001 M
. Tuones
4 oeor) SRS | sy |5y eg e | S S m 20803 ¥ Jaomen Supueq
304 sajipueny YA samenpig| ERdY o [T

"DNIQTING TLTEONOD TVOIdAL V JO NPSId TIAHID



MENSCH, THE REINFORCED

86

s 16°6 .LNFN.N .......... 2 . 2 meL Wemeseg
Lz ul ” 093" 89r° | 19 0.8 = 3¢ ” oo Bl
€0'e &mvh ” obe” Ly Y 088L = QL3 ”» L
29°1 401 ” 081" Ly q 0081 = 6Zg ” g
89°1 46 ) 003" aLe 4 0SIT = 003 ” tud
09°1 Je | & 261" eee'| ¥ | 0s6 =091 nws
. : . . _ 14
L8 «8 o' o1t ez | ¢ 08¢ = 00T X 5,17 ey
0 s emn | SUoS | speey 0] '} 1od Joom W S0498]
sy 19 WA W ooy o vy F SIS 4 AnmE hpe
6'cglszr[91'c[9i'e S04 e J8) (8L
v'9 1 9 ¥ 0068 [ ” ”» L|gevL gL 2y 59 9
e o¥* | oo |Llver serxtixExoor=rr
6L ;1A 9 4 009¢ 4 T 3y 8 16°¢3 gVl 4 9 99 9
6L pYe ¥+ |ooic| tsxt [s|e6r eerxixExogrxir
6L 99" 9 ¥ | oov |000L = » ” e1l0'6z L ;5 1
6L o’ v | 0| o |ssve  ssrxdlebxogexit
'8 99° 9 ¥ 0081 | 0064 -2 %3 ) ) ¥119°2¢ gVl 23 2 9 9y
6L 99° = ’ ” gI|8'¢s 28
8°'01 99" g ¥ | 000¢ | 0096 i ” ” qijo'or
9°8 99’ 22| » ” yij9'1e &9
2l 99° 4 ¥ 008% |00FIT e._”INm.mIN 7] ) 1) kA4 gPL 45y 5 9y
801 98" $% | 0299 | kor1x%L |01)23 L8==5G IX Y XEXGEEXTT
s | o oo e, ocle nn | oums | ity | sre :....“._u spaw | § sponag 1004 o1
Wej jeorr) o ey R ——— L O swoog v Jssmep Tupeeg
24 sapgpeeny g staupg smmejial emy irogg | PR WA W

‘PNICTING TLFFIONOO TVOIJAL V JO NDISIA gVIs ANV WvVIE



CONCRETE POCKET BOOK.

87

QUANTITIES IN TYPICAL CONCRETE BUILDING.

WNIT QUANTITIES TOTAL QUANTITIES
Form Soe- Stesl form
crots Lomber
Concrets |  Stesl Lomd Fest
BR | Wy | S| Pemds | Beard
Fest Meassra.
28 Interier columas........................ 153.1| 1929 [ 871 | 3980/ 60100| 22600
Fostings, §”-8” square.... .1 110.0| 230 | 34 | 3740, 7820/ 1160
Outsids colwmas, 147 hays .1 205.7| 1677 | 1010 | 56340, 43500 26300
Outsids colamas, 22/ bays.. 198.7| 1537 | 1000 | 1690, 12300, 8000
p Fostings, 8’ sqmars............... 90 | 200 | 32 | 2340, 5200, 840
13 Rows of giridors 657 I, =845 ........| 8.64 |122.4 7300{104000,

2 Rows of beams 200 I, =400’ ........ 3.16 | 42.8 1264, 17200,

3 Rows of Seams 2007 Ig,~600 ......... 3.16 | 53.9 1900/ 32300
STX298=—13408 symare fast of floer arsa..| 2.277| 9.97(19.92%30600|134000/268000
85 Of spandril boams 1st floer............ 24, 13 126( 1660, 860
1307 Of spandril beams 2nd floor........... 22, 13 230, 2860 1700
3007 Of spaadtll beams 3rd, 4th and 5th v

M0O.....ooverereceeenenreese e 1.60 | 22. 11 624/ 8600, 4300
1307 0f spandril besms, roat................ 1.24 |1 10.8 | 10 160{ 1400( 1300
4007 Of spandsil beams, 2nd flser 147 1.76 | 10.8 | 13 700/ 4320 5200
12007 Of spandril beams, 3rd, 4th and 5t
floor, 1.60 | 10.8 | 11 | 1920/ 13000] 13200
400’ Of spamdril booms, roet............... 1.24 {10.8 | 10 500/ 4320/ 4000
430 Linsal fost of Bassment walls (sa thres|
sides of the buiidiag)................ 6.0 | 20.0 | 44 | 25680/ 8600 18900
Total for the structaral work of the satire bullding.................. |64894 461080/376360
84834 Cakic fast of concrete @ 25 conts $16,223.80
451000 Posnds of stesl @ 24 conts 11,271.00
376350 Fost of [mmber @ 4.0 conts 16,054.00
Total cost of structeral work $42,548.60

The cubical contents of the building from basement to
roof=13400X 72=946,800 cubic feet.
* This item is taken from the tables of typical floor con-

struction on page 46.
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the outside columns have to carry the wall loads for a length
of 14’, while others have to carry wall loads for a length of
22°, These wall loads for each story were figured and the
total loads up to each particular story were entered into the
next two columns. These loads we have to add to the floor
loads given in the third column, and the results are entered
in the next two columns. The sizes of the columns and the
other data can again be found in the pages 36 to 43, but it
must be considered that it is desirable to have the width of
the columns above the first floor uniform, and that the depth
of the columns cannot be less than 1214”, which is the thick-
ness of ‘the brick walls. We shall make both kinds of
columns alike above the second floor, but below the second
floor we shall adopt for basement and first floor, for the
smaller bay, a column 23"x2314", reinforced by six 114"
and six 1” round bars, respectively, which will decrease the
total quantities given for the larger bay to 198.7 cubic feet
of concrete, 1537 pounds of steel including sleeves, and 1000
feet of lumber.

From page 34 we find that the footings for all interior
columns and the outside columns of 22’ bays must be 8 6
square for a permissible load of 5000 pounds per square foot
on the ground, and that each footing contains 110 cubic feet
of concrete and 230 pounds of steel; while the outside columns
of the 14’ bays may have 8’ footings, containing 90 cubic feet
of conerete and 200 pounds of steel.

In figuring the floor construction we shall assume somewhat
higher floor loads than for the columns. On page 85 is shown
the schedule for the girder and beam calculation. We shall
adopt Type A with slabs, supported on four sides. As span
of the girders we assume 20.5° and 21’, respectively, while for
the beams between columns we assume 12.5 and 13, and for
the beams, carried by girders, we assume the span=14',

After having found the bending moments, all the data in
the next five columns can be found in the beam table on
pages 6 to 8. To facilitate the form work, all girders from
first to fifth floor are of the same width, and on account of

eproofing no beam was made of a width less than 714",
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In figuring the shear for the girders it is to be considered
that the load carried by the girders is only 3, of the entire
panel load on account of the square slabs, and in figuring
the shear of the beams it must be considered that each slab
transmits only 14 of the load to each beam. After having
found the shear and substracted from it the shear given in
the beam tables, the spacing of the stirrups is found by the
help of the table on page 62.

The spandril beams of 22’ span have to support 3 of the
floor loads of the girders, and in figuring the bending moment

from the wall loads we can use the formula Iﬁ For the

first story the wall load=1750 pounds per lineal foot; for
the second to fourth story, 1500 pounds; and for the roof,
only 375 pounds per foot from the parapet wall. These
bending moments were added on page 85 to the bending
moments from the floor loads, and in determining the beams
we have to make some allowance for the fact that the flange
of the Tee exists only on one side of the spandril beams, and
therefore somewhat larger beams should be adopted than
corresponding to the bending moments in the schedule.

The lintels in the 14" bays have very little to carry, and we
shall make them the same size as those in the 22" bays, but
reinforced only by four 7%’ round bars. The slabs’are figured
on page 86.

On page 114 we find that for the reinforced concrete base-
ment walls we can adopt a 6” wall reinforced by 0.28 square
inches per lineal foot in vertical direction, and by 0.18 square
inches per lineal foot as longitudinal reinforcement, or a total
reinforcement of 1.8 pounds per square foot. Including foot-
ing, one foot wide, we shall assume the quantities per lineal
foot of retaining wall with 6 cubic feet on concrete, 20 pounds
of steel, and 44 feet of form lumber.

On page 87 is shown the schedule of quantities for the entire
building, and figuring the cost of the concrete at 25¢ per
cubic foot, the cost of the steel at 214c per pound, and the
cost of the forms at $40 per M feet B. M., we obtain the cost
of the rough structural work in the building at $42,548.50.
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To this is to be added the cost of the brick walls, which'in
this case will be in the neighborhood of $8,500, and the cost
of the basement floor, which does not vary much from 12¢
per square foot. If the floors are to be cement finished, we
have to substitute for a thickness of 14" rough concrete a
finishing coat, which generally takes more than the average
of 14"; it will be near enough to add to the figures on page
87 4c for each square foot of finished floor. If a wooden
floor is specified, sleepers are to be imbedded on top of the
rough floor and held down by a cinder concrete filling,
generally 1% thick. The cinder concrete is generally mixed
in the proportion 1:9 and averages 1l%c per square foot.

Adding the cost of the brick walls ($8,500), of the base-
ment floor ($1,570), of the cement finish on all floors ($2,600),
of the stairs (about $750), and $6000 for contractors’ profit,
machinery, tools, etc., we obtain as grand total for the rough
building in round figures $62,000, or 6.5 cts per cubic foot of
contents.
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EXPLANATION OF TABLES ON FORM WORK.

Next to the proper design of the structural part the proper
design of the form work is the most important part of re-
inforced concrete construction. The cost of the forms amounts
in an average to 33% of the cost of the entire work under
good management, and often reaches 609% under inexperienced
management. It is a fact that it takes more lumber to build
a reinforced concrete building than an ordinary mill construec-
tion building and that the unit labor per 1000 feet., B. M., is
more than twice as high, yet, it is surprising to see in how few
instances the form work is designed by competent persons, and
practically any foreman, who declares himself competent, is
given charge of the design of fully 33% of the work in the
building. This, in connection with the fact that almost any
contractor, who has the courage to bid on a reinforced concrete
structure, is awarded the contract for its execution, as long
as he is the low bidder, should cause the designing engineer or
architect to design also the form work.

The forms must be designed not only for strength but also
for stiffness. Girders and beams look very unsightly if they
have a sag or show bulging of the forms, or the loss of concrete
by the deflection of the form work in floors and walls may be
quite considerable.

The forms are only temporary structures; therefore, we may
allow a stress of 1800 pounds per square inch in bending and
may use a factor of safety of three for the supports.

The tables on pages 92-94 give the safe loads on boards and
planks of various thickness and 12" wide, of joists of various
depths, while on page 95 will be found the safe load on
supports. :

Applying these tables for the design of the forms for floor
slabs, we can readily see that 74" flooring is amply strong for
all ordinary floor loads, as & %"’ board, 12" wide, will support,
on a span of 2 feet, a load of 1375 pounds with a deflection ¢
about 1/20”. This load can only be produced by the lar
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SAFTE LOADS AND DEFLECTIONS OF JOISTS

wits -3~ et S e
booth i foches | 167 [1'-9"| 2' |2'-3"|2'6"|2'-9"| 3

2670 | 2280 | 2000 | 1780 | 1600 | 14560 | 1330
3 .02251.031 |.04 |.051 |.063 |.076 |.09
2 .009 |.0124/.016 |.020 |.025 |.030 |.036

3'-¢" 4’ 4'-6¢" 5’ | sl_slll 6’ 6'-6"

2800 | 2450 | 2170 | 1960 | 1780 | 1630 | 1600

5L .080 [.104 [.132 |.163 |.196 |.23¢ |.273
2 032 [.042 |.053 |.065 |.080 |.094 |.110

5200 | 4660 | 4070 | 3660 | 3330 | 3060 | 2800
y .059 |.077 |.097 |.120 [.146 |.174 |.202
2 .023 |.031 [.039 |.048 |.058 |.070 |.081

8300 | 7300 | 6480 | 5800 | 5300 | 4850 | 4480
9-L .046 [.061 |.077 |.005 [.115 |.137 |.161
2 .018 |.025 |.031 [.038 |.046 |.055 |.065

"I 6’ 6'—6”' 7 |7'—6”| 8’ 8'-¢" 9!

7200 | 6630 | 6140 | 5730 | 6390 | 5050 | 4790

11+ 13 [.132 |.154 |.176 |.202 |.226 |.255
2 .046 |.053 |.062 |.071 |.081 |.091 |.102
9800 | 9100 | 8460 | 7860 | 7360 | 6960 | 6560

13-+ 096 [.112 [.130 |.149 [.170 |.191 |[.215
2 .039 |.045 |.052 [.060 |.068 |.077 |.086

The black figures denote the safe load at 1800 pounds stress.
supported. The figures in the third line are deflections for

For %" joists multiply above safe loads by 0.54.

For the full seetions..................................

Multiply the loads. of the corresponding short sizes by....

Multiply the deflections by ........................ .. ..

For continuously supported joists multiply the loads by 1.5
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SUPPORTED BY TWO OR THREE SUPPORTS.

W FEET
3-6"| 4 |4-6"| 5 |5-6| 6 |6-6| 7 | &

1140 | 1000 890 800 726 670 616 670 600
L1225 1.160 |.20 25 .30 .36 42 .49 04
049 | .06+ .08 .10 a2 A4 (U168 196 [.254

7 |76 8 |86 9 |10 | 11’ | 12 | 13

1400 | 1300 | 1220 | 1160 | 1080 980 900 |
320 1.365 |.415 |.470 |.525 |.650 |.790
130 (.46 (166 |.190 ) .210 |.260 |.320

2620 | 2430 | 2260 | 21560 | 2030 | 1830 | 1660 | 1620 | 1400
235 1.270 |.310 (.345 [.390 |.480 |.580 |.690 |.810
004 10108 1.124 |.138 | 156 |.192 |.232 |.276 |.324

4160 | 3880 | 3630 | 3430 | 3230 | 2920 | 2660 | 2420 | 2250
A87 1.215 244 1.275 [.310 |.380 |.460 |.550 |.645
075 1.086 [.098 [.110 |.124 |.152 |.184 |.220 |.260

:_;_'—s"| 10' [10-6'| 11’ [11'-6"| 12’ | 13’ | 14’ | 15

4540 | 4300 | 4070 | 3920 | 3730 | 3680 | 3320 | 3070 | 2870
283 1.313 |.346 (.380 |.415 |.450 (.530 |.615 |.705
O 126 10137 (.152 | 167 |.181 |.213 | .24 |.282

C200 | 6900 | 6620 | 6360 | 6140 | 4920 | 4560 | 4200 | 3950
240 1.267 1.295 |.323 (.353 |.383 |[.450 |.520 |.600
096 1.107 |.118 |.129 [.142 |.154 [.180 |.209 |.240

The figures below the black denote the deflections, if freely
three supports.

For 17%" joists multiply above safe loads by 0.85.

2"x4" 2i'x61i 2I1x81' 2'leoll 2I!x12ll 2'lxl4ll
1.61 1.46 1.40 1.37 1.34 1.32
0.87 0.92 0.94 0.95 0.96 0.97

and the deflections by 0.75. .-
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SAFTE LOADS AND DEFLECTIONS FOR GIRDERS
CARRYING JOISTS.
SPAN IN FEET
n‘ig‘l.“ 5’ IS,_6”| 6’ 6'-6"| 7 l71_6n| 8’ l 9’ Ilo’

2-5%x 5571 3400 | 3100 | 2800 | 2600 | 2400
8 AJ78].064 |.078 |.002 |.108 [.1250 |  The defictions are far somi-
: continnens girders.
3,. 6» 4300 | 3800 | 3600 | 3260 | 3000
X .060 |.072 |.086 |.100 |.117

7-5"y 7-5"| 6200 | 6600 | 5200 | 4800 | 4400 |4100| 3900| 3450|3100
s X157 047 |.057 |.067 |.079 |.092 |.105.120| .159| .188

3n 8» 7600 | 7000 | 6400 | 6900 | 5400 | 5100/ 4800 4300| 3900
X .045 |.054 |.065 |.075 |.088 |.101].115|.146| .180

SAFE LOADS ON SuPPORTS

ongth in foat tg | 220 084 P00 51,

Toast widty of | IMCh o1 cress Sapperts Sasepported Longth

swpportininches | SSCtion pomnis
720 9 |10 11" |12/ [ 13" | 14/
0633 3§"x35” | 6.1|6.0|4.1]3.3]3.02.60
548 4x4" |9.2|7.4|6.1|56.2|4.4]38
g% 16" | 17" | 18’ | 19’ | 20’ | 21’
427 ressr 10.7]9.6|8.4] 7.6/6.9]86.3
38? 552& 16.0 [13.0 |11.6 [10.2 | 9.3 | 8.5
345 22'| 23" | 24’ | 26 | 27" | 28’
|’_,'l \
800 I sswessr | 6.7]6.4]4.8)3.7]3.8]3.8
2821 ?;”x(y? 7.8(8.1/6.60| 5.5 6.1 4.8

180 Tho black figures danste the pormissible load in 1600 pounds.  Where
164 astrut is braced at mid beight, take as uasupperted loength 1 of the
148 Bbeight. Where a strut is braced at the twe paiats § of the height apart
137 tako as unsupported length § of the total height.

S i o g i 00 20 00 00 20 00 00 1O 1O 1O 1O O 1 1O 19 10 10
PP OO WUk 0RO = DD WIS TR b e O
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DATA ON BEAM FORMS.

Nominal Sizes of Lumber Used Fost

n ] dord
Sies of Boam Heaters

Motnm e Side o

Linea!

StseE s Fest

3x 63 |2 x4 2x8 4.00
4x 73 1ix 4 13x8 3.33
54x 84 [2x 6 2x10 5.00
6x9 |[lix6 14x10 3.92
T3x 83 |2x8 2x10 6.34
8 x 93 1ix 8 14x10 4.17
534x103 (2 x 6 2x12 6.67
6 x113 |14x 6 14x12 4.42
73x103 |2 x 8 2x12 6.00
8 x113 |14x 8 13x12 4.87
94x10§ (2 x10 2x12 6.34
10 x113 | 13x10 13x12 4,92
73x123 |2 x 8 2x14 8.67
8 x134 [13x 8 14x14 6.17
Mx124 |2 x10 2x14 7.00
10 x13% [13x10 13x14 6.42
3x14 |2x 8 2-2x8 7.67
8 x15% |13x 8 2-13x8 6.00
Mx14%F |2 x10 2-2x8 8.00
10 x15¢ [14x10 2-13x8 6.26
113x14% 2 x12 2-2x8 8.33
12 x15% |2 x12 2-13x8 7.00
73x16% (2 x 8| 1-2x8,1-2x10 8.33
8 x17% 13x 8| 1-134x8,1-14x10 | 6.560
94x16% 2 x10 1-2x8,1-2x10 8.67
10 x174  |13x10| 1-13x8,1-13x10 | 6.76

Where the length of the forms is not in even feet, we shall |

have a certain waste in cutting the commercial lengths of |
ln_mber,_ which waste may reach from 10 to 20% of the values
given in the table. A girder or beam form has rarely to
carry more than 600 to 800 pounds per lineal foot, and by
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DATA ON BEAM FORMS.

Neminal Sizes of Lumbor Usod Fort
" " doard
Sizs of Doam - ':" Stitomers
Lisnal
SISLE ] Foot
113x16%+ |2 x12 1-2x8,1-2x10 9.00
12 x174 |2 x12| 1-13x8,1-13x10 | 7.80
94x18% |2 x10 2-2x10 9.33
- 10 x19%4  {13x10 2-14x10 7.26
113x18} |2 x12 2-2x10 9.67
12 x19% |2 x12 2-14x10 8.00
94x20% |2 x10| 1-2x10,1-2x12 | 10.00
10 x214 |14x10| 1-14x10,1-13x12 | 7.78
114x20f |2 x12 1-2x10,1-2x12 | 10.33
12°x213 |2 x12| 1-14x10,1-14x12 | 8.60
113x224 (2 x12 2-2x12 11.00
12°x23% |2 x12 2-14x12 9.00
14x26 |2 x12| 2-1x10,1-1x8 | sy2| ZX4-Se
134x26 2 x14| 2-1x10,1-1x8 8.92 o
113x28 |2 x12 3-1x10 8.92 Iy
13x28 |2 x14 3-1x10 9.25
113x30 2 x12 4-1x8 9.73 2"x4"-3'-91g
134x30 2 x14 4-1x8 10.07 3'-6"c.c.
134x36 |2 x14 4-1x10 11.63 2"x4"-4'1g
134x42 2 x14| 4-1x10,1-1x6 | 12.86 3'-3"¢c.c.
15 x42  |2-2x8| 4-1x10,1-1x6 |13.36 | 2"x4"-4'-6"Ig
15 x48 2-2x8| 4-1x10,2-1x6 | 14.63 2"x4"-5'1g
7xas (V20 4x102-1x6 | 1e87|  30rec
15 x52 %—j;’xg 4-1x10,2-1x8 | 16.46 | 2"x4"-5'-6"Ig
- —zX
17 x52 1-2x10| 4-1x10,2-1x8 |156.78 3'-0"c.c.

inspecting the tables on pages 92 and 93,
that the side boards can carry this load on six feet and more
with deflections less than 1/10”; therefore, it is not necessary
to place supports nearer than 5 on centers under the girder

forms.

it will be found
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ABRANGEMENT OF FORMS FOR TYPICAL FLOOR

CONSTRUCTIONS.
Joists | Girdors | Namber Joists | Girders | Nomber] E
Societ | wen | wen | o i SR | wen | wen | o |8
o o | i e o m || g
Bt | bt | bt [Swts § Bt bt | deptr [swrs| @
12’x12’' |2"x6” |3"x6” | 4 1] 18'x18’ [ 2"x6” |4"x8"}| 6¢ | 2
12xi4 2x6t| 3x6 | 4 1§ 18x20 | 2x6 104 | 18
12x16 2x6%| 3x8 | 4 1§ 18x22 | 2x6 10¢ | 18
12x18 2x8 4 3§ 18x24 | 2x6 10+ | 18
12x20 2x4t| 3x6 | 7 4 18x268 | 2x6 3x8 (124 | 8
12x24 2x6 | 3x6 | 7 48 18x28 | 2x6 3x8T 12¢] 8
18x30 | 2x4 3x61({191% 13
14z 2,,:& 3x¢ 11 1| 1exas |2x6 | 3x6 1944 13
rex1s | oxoi o | ol 18x¢0 | 2x6 | 3x6t|194% 13
14x20 §x6 6t| 9 18x60 | 2x6 3x6t[264% 18
14x22 | 2x6 | 3x6 | 7T | 4 N
lex24 | 2x6t| 3x6 | 7t | 4f 20%20 |2x6 lot% 18
20x24 | 2x6 101 18
14x28 2x6 | 3x8 | 9t | & "
20x26 | 2x6t 104% 19
14x30 2x6 | 3x8 |101% 6
30x28 | 2x8 131% 19
14x36 2x6 | 3x8 [111* 11 -
20x30 | 2x8t 1344 17
1axe0 | 2x6 | 3x8 |11f#11] 20%°0 | 530 lote| 21
14x60 2x6 | 3x8 |167% 14 - .
20x60 | 2x8 231% 18
18x16 2x6+| 3x8t] 41 | 1
16x18 2x8 6 9] 22x22 | 2x6% 104% 18
18x20 | 2x8 61 | 9] 22x24 | 2x61 104% 19
186x22 | 2x8 6t | 9] 22x26 | 2x8 13+% 19
18x24 2x8 8t |10] 22x28 | 2x8f 134% 20
16x26 | 2x8 8t [10] 22x30 | 2x8 161% 19
16x28 2x6 | 3x8t|11 7
186x30 | 2x6 | 3x8f|111% 7§ 24x24 | 2x6f 13+% 20
16x36 | 2x6 | 3x8f|141* 12§ 24x26 | 2x6f 161% 20
18x40 2x6 | 3x81|141* 12] 24x28 | 2x8% 161% 20
16x60 2x6 | 3x81|191* 17 24x30 | 2x8% 16+%
1

t Denotes that full size of lumber must be uscd.
* Denotes that the 4”x4”" must be braced at mid-height by
1"x6” in both directions.
The figures numbers refer to pages 100 and 101.
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DATA ON COLUMN FORMS.

8 g stress
St of M " i;z - £
= k
Sherter Sides | Loagor Sides |Nom-|  Size g Sis

leminhebes) “sox | mon || be | o [ETE| rme &

9§x10” | 2-3"x9%" | 44"x5%"| 5 | x4 | 0'-11 1 | 81200/ 7%
To-gx58 | 2| 2x4 | 2-8

113x12 | 2-3x113 2j§x7§ 2124 28 | 91400 74
2| oxd | 2-10

134x13¢ g;g’;gg A HEBAES B ELICCE
- . | 21x0§ |2 | 2x4 | 3-0

154x158 | 4-3x7% x7§ 3| out | tay |1071840f §
2 4x7H 2 | ox4 | 32

173x17} é:%;’;% w08 | 5| 5%t | oy | 119/2050] &
2-3x5§ | 2 | 2x6 | 34

193x19} | 4-§x0§ j@ﬁg 5| e | 1% | 1e0/2280f &

8 | « g0 | 2] 2%6 | 36 -

21x213 ;‘:g:gg 6-x78 | 3 | e | 1 eg | 18- 2500
. - x7§ | 2| 2x6 3-8

23x931 | 6-Ix7h ‘é:gx% 5| ox | 2oy |1e-|2050| &
. X7 | 2-ix7§ | 2| 2x6 | 3-10

25x25% ﬁxs)g 4:1%::9% 2| 2x6 | 223 |19 |2200| &

97%27} ﬁigg 6-3x98 | 4| 4x4 | 33 |20.4{3200 §

20x00F | 6-3x0% | 83x7 | 4| 4xi | 36 |21.83400] &

31x31 | 8-fx7% g:g;{,g 4] 4x4 | 3-8 |23.{3600| §

. X7 4-FxT% .

s3aas | SETE L IR 4| x| 3-10 | 20.3/3850] §

13.5 etae. 8-13x5% smiar & 135x137 | 10.8 3

18.5 oetar 8-13x73 Smiar b 193x19§ | 16.1 P

23.3 betag. 8-13x9% 4| 4x4 | 3'<0" |20.0" £

28.0 Betag. 8-1§x11% 4] 4x4 3-6 |23.6 !

The frames are two feet c. c., except in 23x2314 and
“x2514, where they are 18” ¢. c.
Jl 27x4”, 2”7x6” and 4”x4” are rough,
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FREE SPANS IN BOARDS FOR COLUMN AND WALL

_ FORMS.
g PRESSID | Grustest Froe Spon of Columa Deards | Grastest Froe Spon of Wall Boards
i .
; Poueds Thickness Thickness
= »or
) 70 Y | | 60
2 140 | 2= 36 | 50 | 59
3 210 | 96 | 3’ 33 | +7 | 53
4 280 | 23 | 3~ |30 | 31 | +5 | 9
5 350 | 20 | 30 | 36 | 20 | +4 | 4+
6 420 | 20 | 2-10 | 3+ | 26 | +0 | +>
7 490 | 19 | 29 | 33 | 24 | 38 | 41
8 560 | 1-9 | 28 | 30 | 22 | 3+ | 3-10
9 630 | 16 | 2=7 | 211 | 20 | 33 | 38
10 700 | 16 | 27 | 2210 | 1-11 | 31 | 3
" 770 | 16 | 27 | 2-10 | 1-10 | 2-11 | 3~
12 840 | 16 | 26 | 29 | 1-9 | 2-10 | 32
13 910 | 16 | 26 | 29 | 1-8 | 20 | 31
14 980 | 16 | 26 | 28 | 1-8 | 27 | 30
8 1050 | 16 | 26 | 27 | 1-7 | > | 2=10
8| 1120 | 16 | 25 | 2= | 1-7 | 2=5 | 2-9
7] 119 | 16 | 25 | 26 | 16 | 24 | 29
8| 120 | 15 | 24 | 25 | 16 | 23 | 2-8
9| 1330 | 1-5 | 23 | 24 | 1-5 | 28 | 28
20| 1400 | 1~ | 22 | 24 | 14 | 22 | >7

‘We assume that the boards are not stressed more than 1800
pounds per square inch, and that the deflection of the boards

are limited in columns to 1/30”, and in walls to 14”.
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carts which are at present used for wheeling of the concrete,
and experience proves that very little breakage occurs in the
%" flooring.

The floor boards must be supported by joists. These joists
should be surfaced on one edge to make them all of the same
depth, and should be laid with the crown up. The joists are
either carried entirely by ledger boards, nailed to the side of
the beam forms, or partially by ledger boards and partially
by 3”x6” or 3"x8” girders. The deflections in joists should
be limited to 14”, and assuming that each joists has to carry
per lineal foot a load of 160 pounds, which corresponds to the
weight of a 5" slab and a live load of 20 pounds per square
foot, where the joists are spaced 2’ c.c., or to the weight of a
6” slab and 20 pounds live load, where the joists are spaced
19” ¢, c., we can find the clear spans which do not stress the
lumber to more than 1800 pounds per square inch, or deflect the
joists more than 14" in the following table:

Stze of Joists, Inches.....|1Ex 33| 2x3% 1§ x53| 2x5% (1§ x7§ 2x 7% |18x 98] 2x 9%
Span, i frooly supperted| O | 5'-7"(6'-11"| 8’0" | 8”-8"|9’-6" |9’~11"|10"-8"
S smdaisys.| 5 |6'-37|7'-8"(9'-¢" [10'~7"11'-9"12'-9"|13'-2"

When the spans exceed the figures given for freely supported
joists, they must be supported by 3"x6", or 3”x8" girders.
These girders always are supported in the center by a strut
in order to limit their span to 6’ to 9’, and the exact spans can
be taken from table on page 92.

The tables on pages 96, 97, and Figures 19-23, on page 98,
give the data for the beam forms for all beams given in beam
tables on pages 6 to 10.

The depths 63", 83", 103" 12%;”, 1414", etc., refer to-
beams No. 1 to No. 65 of the beam tables, and are to be used
where the commercial sizes of lumber are less than the nominal
sizes, while the depths of 714, 914, 1115, 1314, 1515, etec., refer
to beams No. 201 to No. 265 and are to be used where full
sized lumber is obtainable.
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Figure 19 shows the form for a beam 10%” deep. This
depth is obtained as follows: We add to width of the nominal
12” plank, which is actually only 115", the thickness of the
floor boards=7%"", and deduct the thickness of the bottom plank,
which in most cases is 134", and obtain 103", depth of the
stem of the concrete beam. As a rule it is unnecessary to use
as thick planks as 13 or 1%"; planks 13" thick are amply
strong in most cases. They are, however, rarely kept in stock,
and can as a rule only be obtained by resawing of 3" planks.
Because they are more rarely used (although their use rep-
resents a considerable saving), we assume their use only in case
of full sizes of lumber. Here the depth of 111" is obtained
by adding to 12" the thickness of the floor boards=7%" and
deducting 13", the thickness of the bottom boards.

In beams of a greater depth of 123" or 131", two planks
must be used for the sides of the beams. For depths up to
1614” or 1714" these two planks may be held together by the
1”x4” (rough) ledger boards, as shown in Figure 20, which
ledger boards are nailed to both planks by 6d. nails, 6 c.c.
The side boards are nailed to the bottom boards by 16d. or
124. nails (according as to whether 13§ or 13’ planks are
used), 18" c.c. These nails should not be driven home, but the
heads should be left projecting about 14", to facilitate the
taking down of the forms. Where no ledger boards are used
the sides must be held together by 1”x3" or 1x4" cleats, spaced
about 4° 0” c.c.,, as shown in Figure 21. Figure 22 shows
beam forms up to 211" depths. The sides must be held
together by 1x4” cleats, 2’ 0” c.c., which cleats are about
12” long and nailed to the side boards by eight 6d. nails, and
to these cleats the 1'x4” ledger boards are nailed by six 6d
nails.

Abeve 211%"” we recommend the use of 74" boards for the
sides, to which sides are nailed at distances given in table,
rough 2”x4" cleats, which are tied together at the bottom of
the beam by two pieces 1”x6” or 1x8”, as shown in Figure
23. It is well to wire the 2x4” cleats after the steel bars

‘e placed, in order to prevent the spreading of forms by the
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pressure of the concrete. The ledger boards should be 1”x6”
and nailed to the 2'x4” cleats, and should be further supported
by 1°x6”" bracket pieces, about 8" long.

For spandril beams and sometimes for deep girders, a design
as shown in Figure 33 is of advantage. The cleats are nailed
to the sides and hold the sides together by bolts and distances
pieces, ‘‘c.”” The cleats must be figured for deflection by the
nfh)s 1
5\ 10) *wtd
distance of the cleats c.c. in feet, h the depth of wet concrete
in inches, w the width parallel to the beam in inches and t the
thickness of the cleat under right angle to the beam. For
13x33 flat and on edge and for 2”°x4” rough, flat and on edge,
the formula reduces to

n h\% n h\5 n h\*
1960(’1_0") ’M(T(T) ’m(—lﬁ ’
n h 5.

The stress on the b01t8=2n(-1!15)2><35=50n(1%)2. If, for

formula. Deflection in inches= , when n the

example, the girder is 24” deep, n=3"-0", and we use 2"x4"

rough cleats, flat, D= 8 X 2.4°=0.1 inch, or if the girder is
2400

six feet deep and we concrete so rapidly that there may be
40" of wet concrete in the girder, and n=2' and use 2”x"”

on edge, then D=2XT42 =0.214 inches, and the strain on the

bolts in the latter case==50X2X4*=1600 pounds, which will
correspond to 14" bolts.

The data for column forms are given on page 102, and shown
in Figure 24 on page 98. The forms were figured for a pres-
sure of wet conerete 12’ in height, and we assume that the con-
crete pressure==water pressure.

We ascertain the depth of wet concrete producing a pressure
=water pressure in a column or wall, by forcing a stick of
wood, 1”x1”, into the concrete. The greatest depth it can
penetrate gives us the depth of wet concrete in above sense.

The boards are held together by frames in distances of 2’ 0",
and the pressure per side of frame is given in eighth column,
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The frames consist of 2”x4” or 2"x6”, nailed directly to the
sides, and are held together by bolts in one direction and by
1” cleats, nailed to the 2”x4”, as shown in Figure 25. The
boards for the sides of the columns should be surfaced one side
and both edges, and the deflection of the boards between the
frames will be found to be less than 1/30” For columns larger
than 27" the frames should consist of 4'’x4”, bolted in four
directions. In this case the side boards are cleated together
by 1”x4"” every four feet. The corners should be rounded off
by nailing right angle triangular strips in the cormer of the
forms, either of 1’ or 2” sides. On one side a loose board
should be left at the bottom to allow of cleaning out of the
column form before concreting.

The octagonal column forms of an inseribed cirele of 13.5”,
18.5”, 23.3"” and 28" diameter can be built, using stock lumber
as given in the table and filling in the spaces between the
planks by one inch triangular strips. The frames to hold the
planks together can be made of the same size as given for the
corresponding square columns.

Form lumber per lineal foot, as given in the table, includes
the bracing to hold the forms in a vertical position.

Where the length of the form does not correspond to the
commercial length of lumber, there will be a certain waste, but
it will rarely exceed 10% of the figure given in the table.

Figures 27 to 32 show the scheme of the wall forms which
we recommend. Where the progress of the concrete is thus that
not more than three, five or eight feet of wall are concreted in
two or three hours, the forms should be built according to
Figures 27, 28, Figures 29, 30, or Figures 31, 32, respectively.

These forms are figured for a height of wet concrete of 3°,
5 and 8. It is generally cheaper to use wires to hold the
forms together, when the wires can be tightened from the
inside, but for thinner walls the use of bolts will be found

considerably cheaper and more reliable, although it takes more
lumber,
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For uprights 1-54'x386"” may be used in all cases.

The bolts in all cases should not be less than 5§”.

In Figure 28 the bolts should be spaced 7' c.c., when full
2’x4’ are used for whaling pieces, or 6’-0” when 1-5%"'x3-8%"
are used. ’

In Figure 30 the bolts must be spaced 5°-0” e.c., or 4’-0” c.c..
according as to whether 2”x4”, or 1-5"'x3-53" are used for
whaling pieces.

In Figure 32 only one 2”x4” need to be used when the bolts

are placed next to the uprights.

The following table gives the quantities of lwmber per square
foot in the various types of wall centering also the number and
weight of bolts and wires.

Foot of Form Lum- | Woitht of Wirs Weight of Beits per Square Foot

Bor por ST | por SquareFout of Wall 8" Thick
Foot of Wall
(Both Sides are o Wat
fncinded) 117 Thiek 254 Whallng 138%

2.75 .056
2.80 .135
2.90 .23
3.65 .135 .16
3.90 .23 .28
3.45 .46

The deflection in the boards are less than 1/30”, and in-
cluding the deflection of the 15 x35; uprights and whaling
pieces, the greatest spread of the forms should not exceed 1/10”
at each side, when above arrangement is used.
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The table on page 99 gives the best arrangement of joists,
girders and supports for the typical floor constructions of
pages 44-54. It is always assumed that 1” flooring and 2"
planks for beam forms are used. The size of the joists is
given in the third column; the exact spacing of the joists,
however, should be found by consulting tables on page 92. A
T denotes that the sizes must be full, or larger joists should
be used. The size of the girders, supporting the joists, is
given in the fourth colwnn, and in nearly all cases full sizes
should be used. The number of supports is given in the fifth
column and a * denotes that the supports should be braced in
both directions at mid-height by 1”x6” boards. The number
of supports were found by figuring the weight of the whole
panel and dividing by the permissible load on one support, and
making a proper deduction for the weight carried directly by
the columns. In the sixth column is given the serial number
of the sketches on pages 100 to 101, showing the arrangement
of the form work. The black circles in these figures indicate
the concrete columns; the black lines, the beams and girders;
the dotted lines the 3''x6” or 3'x8" girder; the plain circles
one 4'’x4” support, and the circles with a cross denote double
4"x4"”, as shown in Figure 34. The direction of the joists is
indicated by arrows. In some cases the load on ome or two
supports in one panel is greater than the average, and it may
be of advantage to use for these supports 4”x6"” or 6"x6".

For ceiling heights greater than twenty feet it is generally
cheaper to use 6'x6” supports, instead of the 4"'x4” given in
the tables. For example, where the length of the 6x6” sup-
ports are 22’ it takes the same number of supports as where
the length of 4”x4" are 10’. To facilitate the leveling up of
the floor and the taking down of the forms, each support should
be set on two wedges, each being 12 long and 4" wide (or
wider for supports larger than 4”x4””) and 14" thick at one end
and 215" thick at the other end. It takes as a rule one wedge
for every 20 square feet of floor.
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The cost of the form work can be very materially diminished,
if working drawings for each beam and girder form, wall
panels, etc., is made, and the presence of a competent engineer
or draftsman will easily save 10 to 30% of the carpenter

payroll, k
NAILS. .

Common wire nails have the following lengths:

2d |'3d| 4d| 5d | 6d ) 8d |10d|12d| 16d| 20d
Loagh In loches ... 1 | 13| 13| 13| 2 | 28| 3 | 34| 38| 4
Nembea b 1 Pomed..| 716 [ 440 | 300 (210|163 | 93| 66| 50| 40| 32

To nail down the one inch flooring, which consists generally
of boards 6” to 10" wide, not more than three, at the utmost
five 4d. nails should be used in one length of board, or it takes
in an average, including all waste, not more than 0.25 pounds
of 4d. per 100 square feet of floors.

It takes about one 4d. nail per lineal foot of each beam or
girder to fasten the corner strips, and about four 6d. nails to
fasten the ledger boards, and about one and one-third 16d. nails
per lineal foot to fasten the bottom to the sides.

In a floor construction as given for the first floor on page 83,
we have per 100 square foot in an average 0.5 pounds of 4d,,
1.5 pounds of 6d. nails, and 0.4 pounds of 16d. nails.
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RETAINING WALLS.

The earth pressure per~ lineal foot of a wall of the
height h in feet we assume to be given by the formula

P=14shg? (45"-—-%), when s the weight per cubic foot of

the earth and a the angle of repose. Let s = 100 pounds and
a=32° then P=15 h2, and by differentiation we obtain the
pressure per square foot at a point h below the wall as
p=30 h, showing that the pressure is distributed along the
height of the wall similar to water pressure, and that the
resultant of the earth pressure must act at a point, which is
%3 h below the top. Neglecting the friction of the earth against
the wall, or in other words assuming the pressure to act hori-
zontally, this earth pressure produces an overturning moment
about the center of the base of the wall=15h2 X 4h=>5h3.
- Tn all retaining walls in the tables the base=1l4h, the toe=
%h--ﬁ& the heel=3h. To simplify the calculation we shall
assume that the concrete per cubic foot does not weigh more
than the earth, then we can readily put the moment from the
weight of the earth about the center of the base =100X 3gh X
h X 5 X #66=2.34h% which moment acts in opposite direction
of that of the earth pressure. Deducting, we have the result-
ant moment==2.66h®. Applying Hooke’s law, this bending
moment must be equal to the moment of resistance of the
rectangle of the base, which is one foot wide and 14h deep,
multiplied by the extreme stress at the edges per square foot.
Or 2.66h*=8X % X (14h)*? or the extreme stress per square
foot 8=64h, which means a compression at the toe and an
ideal tension at the heel. To these stresses must be added
the average uniform pressure produced by the weight of the
earth==100 X 34h?+16h="75h, which results in a distribution
of pressures as shown by the trapezoid abed in Figure 57.
In as much as there are only compressive stresses produced
at the base, the wall is perfectly stable against overturning.
Tt is also safe against sliding, as the relation between the
earth pressure and the weight resting on the base of the wall
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is as 15h%:37.5h*=0.4, while the coefficient of friction is
about 0.566. .

The toe may be lengthened and the heel shortened till they
are both of the same length, without jeopardizing the safety
of the wall against overturning, but as the weight on the base
becomes smaller the safety against sliding is diminished, and
we have to resort either to an inclination df the base or to
projections into the ground from the base, in order to increase
the sliding resistance.

We can clearly see that the upward reaction of the ground
stresses the toe like a cantilever. In case of the heel we
have to consider that the reaction of the ground is smaller
than the weight of the earth above it, therefore, a reversal
of stress takes place, and the distribution of the downward
pressure is given by the trapezoid efgh in Figure 57.

The stresses are only immaterially altered if the real weight
of the concrete enters the calculations, for the reason that the
thickness of concrete is small in comparison to the dimensions
of the structure.

The retaining walls as Fig. 55 are figured on the cantilever
principle both for the toe and the heel, and on account of the
reversal of the stresses the vertical rods of the wall must run
into the upper face of the heel and into the bottom of the
toe. The toe takes up 209% of the overturning moment, and
the heel 80%, and in the same ratio the steel rods should be
divided.

To prevent cracks it is the writer’s practice to reinforce
the wall horizontally at the top by %% and diminishing this
percentage to % or 14 at the base of the wall. The writer
does not place any longitudinal reinforcement in the toe or
heel. Place three 14" stirrups at each rod, turning into the
heel, as shown in Figure 55.

Up to a height of 15 feet this type of walls are cheaper
than reinforced concrete walls with counterforts, as shown in
Figure 56. The bending moments in the face of these walls

are figured by the formu]ap] , when p==30h, and 1= clear

distance between counterforts in feet. The toe is again a
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cantilever, while the heel is stressed the most at the edge by
a uniform load per square foot—89h. Also here the bending

moment is taken as %

The table gives the reinforcement per lineal foot of toe and
the reinforcement for the heel plate at the edge, which rein-
forcement may be safely diminished to 14 % at the point h.
The main reinforcement in the counterfort is obtained by con-
sidering the counterfort as a slab of the width given and a
depth=0.35h and is also given in the ninth column, while the
horizontal and vertical bars marked ‘‘a’’ and ‘‘b’’ in Figure
56 must be figured to take up the earth pressure—=30h X dis-
tance of counterforts and the weight of the earth according
to diagram Figure No. 57.

To take care of the negative moments both in the wall and
in the heel plates, rods of a length=0.4 the distance be-
tween counterforts must be placed at the counterforts Loth
in wall and heel slabs.

The main reinforcements of the counterforts should extend
into the heel plate at least 1/10 h, and 14 of the rods may
be stopped of at about 1% the height of the wall. The re-
inforcement of the toe should be 0.29 h long. The horizontal
reinforcement of the wall may be gradually diminished from
the values given for the base to the value given for the top.
As vertical reinforcement, 1, round 12" ec. c. or its equivalent
will suffice.

For a surcharge equal to the weight of earth of the
height h', the pressure per foot of wall=15 (h®4-2hh') and
the distance of the resultant earth pressure from the base
—=h 3ht+h

3 2bl4h
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ROUND TANKS.

In designing a tank of a given capacity, where the diameter
or the height is not fixed by some special requirements, the
first question which arises is to find the diameter and height
of the tank which will make the cost a minimum.

Let ¢‘a’’ be the average cost per square foot of the cylin-
drical shell and ‘‘b’’ the average cost per square foot of
excavation, bottom, covering (if any), fill (if any), then we
can find by the theory of maxima and minima for the mini-

mum cost the important relation H=14DX L, when H=
a

height and D=diameter of tank in feet.

The cost per square of the shell varies from about 35¢
for the very small tanks to about 80c for the largest tanks,
while the cost of the bottom does not vary more than from
13 to 17c¢ per square foot, and that of the covering from 30
to 50c per square foot.

After one or two preliminary trials, in which the capacity
table on page 122 will be found helpful, the proper relation
of H to D will be found, and by interpolation the proper H
and D may be taken from the same tables.

The amount of reinforcing in square inches per lineal foot
of the shell is at a point h below the high water line given

by 62.5hX %D=-16000 = about %, 16000 pounds being the

allowable fibre stress on the steel.

In the tables on pages 120 and 121 the second column gives
the required reinforcement for values Dh up to 5000. The re-
inforcement per lineal foot should, however, never be reduced
below 14 % of the concrete section, even if the tables give
for the upper portion of the tanks smaller values. For con-
venience of ready estimating the cost, the third, fifth and
sixth columns on pages 120 and 121 give the total amount of
steel, concrete and form lumber for the cylindrieal sides for
values of D X greatest height up to 5000, and ‘thé Tinth and

*nth column on page 122 give the total of concrete and steel



CONCRETE POCKET BOOK. 119

in the bottom, and on page 123 will be found the data for
dome coverings.

The vertical reinforcement in the shells was assumd =1 %.
The rods in the bottom must run in both directions and extend
at least a foot into the shells.

For square or rectangular tanks the minimum cost is ob-

tained when H=%Dx_b_ when D the side of the tank in feet.

For rectangular tanks : similar proportion will apply. The
bottoms in square tanks ecan be made of the thickness given
for round tanks, and the sides can be taken from table below.
For the covering a girderless floor construction, as given in
tables on page 55, will be found safer and cheaper than the
groined arch construction which is generally employed in the
United States.

RESERVOIR WALLS.

boot Area of Vertical hooth Area of Vortical
Thickness Reinforcoment por Thickness .| Relafercoment por
o . Linsal Foot for o o Lineal ot for
wall Water [Water And | | Wk Water  |Wator And
Wit | e e |y || wre | ey | e
6 47 | 15 | 12 14 14" 60 | .42
7 47 | 21 | 35| 15 15" 65 | .45
8 54" | .33 | .165|| 16 16" .86 | .48
9 63" .39 195 17 18" .86 .54
10 73 45 .225 18 20" .86 .60
11 9 .49 270 19 22" .93 .66
12° 10 ” .07 .300 20 24" .93 72
13 127 .58 .360 '

The bending moment for water i)ressure on one side
=525 pex b 3 0ns,
2 8

The bending' moment for earth ,isressure : on one side
=15h?x 1 —=188h%. -

For water pressure one side and: earth pressure the . oeher
side = 2.02h% -
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PROPERTIES OF

Soctionsl Totl Woight Total Amount
Mool | et Thickaess Total Amoust | of Lambor
.",""'". Rolnforcoment a Shell us'ul‘ of Concrots | Roquired for
porfontat poimt| fr 0 2D s Shelt Forms in

vl 32 1R N
10 .06 16 2 ] 1
20 .06 31 2" 10 .22
30 .08 62 2 20 .33
40 .09 93 3" 31 44
50 .10 120 3" 40 .68
60 12 180 3" 47 .66
70 14 185 3" 56 .77
80 .16 248 34" 73 .88
100 .20 365 4 104 .99
110 .22 416 4" 113 1.21
120 .24 468 - 4" 128 1.82
130 .26 525 4" 136 1.48
140 .28 584 4" 148 1.84
150 .30 643 4" 167 1.66
160 .32 710 4" 167 1.76
170 o34 776 4" 178 1.87
180 .36 9560 5" 237 1.98
190 .38 1030 5" 260 2.09
200 .40 1100 5" 263 2.20
226 45 1320 5" 296 2.47
2560 .50 1530 5" 329 2.76
278 .55 1790 5" 361 3.02
300 .60 2210 6" 471 3.30
328 .65 2610 6" 810 3.57
3560 .70 2820 6" 550 3.85
376 .75 3180 6" 690 4.10
400 .80 3600 6" 630 4.40
450 .90 4200 6" 708 4.95
500 1.00 4800 6” 785 8.50
550 1.10 5860 6" 866 8.05
600 1.20 6800 6" - 946 . 6.60
660~ 1.30 7600 6" 1020 7.18
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CIRCULAR TANKS.

Soctional Toul Woight Total Amoust
Prodect hadd | Roiak o| Thickaess Total Amoust of Lumbor
T Roinforcoment a Sl of Shelt of Concrote Roquired for
por Fout ot Polmt| T, 'z In Sholl Forms in
(18] L 1000 FL.D. M.
700 1.40 9200 v 1280 71.70
750 1.50 10100 7 1370 8.26
800 1.60 11600 7 1470 8.80
850 1.70 12800 7 1660 9.36
900 1.80 14100 v 1660 9.90
950 1.90 15600 v 1740 10.46
1000 2.00" 17000 i 1830- 11.00
1100 2.20 20200 i 2020 12.10
1200 2.40 23600 o 2200 13.20
1300 2.60 27000 v 2380 14.30
1400 2.80 31000 I 2670 16.40
1800 3.00 356200 nd 2750 16.60
1600 3.20 39700 7 2930 17.60
1700 3.40 44500 7" 3110 18.70
1800 3.60 49800 8" 3770 19.80
1900 3.80 54800 8" 4000 20.90
2000 4.00 60500 R 4200 22.00
2100 4.20 65800 8" 4400 23.20
2200 4.40 73000 8" 4600 24.20
2300 4.60 79000 8" 4820 26.30
2400 4.80 85600 14 5650 26.4
2600 5.00 94000 v 6900 271.6
2600 5.20 101000 W 61560 28.6
2700 5.40 108000 o 6350 29.7
2800 5.60 118000 10 7300 30.8
2900 5.80 122000 10" 7660 31.9
3000 6.00 134000 10" 7820 33.0
3300 6.60 162000 11" 9600 36.3
3700 7.40 202000 11" 10700 40.7
4000 8.00 236000 127 12600 44.0
4500 9.00 289000 13" 16300 49.6
6000 10.00 370000 15" 19500 58.00
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CONTENTS OF CIRCULAR TANKS AND DATA ON

BOTTOMS.
Total
3 CAPACITY 1N 1000 GALLONS g Bt e | Tota
2 Stesl | crets | Stes!
! I gm'- i B
ot -3 2 » V| B[ e [Nt pgtrem
besy besy S ’,“" Cic | pogads
D | b [T [ ] ot | Fest
1.96 2.91 4.40 5.81 4" .96 26 76
2.60 3.92 5.86 7.75 14" 96| 32 91
3.37| 5.05| 7.50| 10.10|4”| .96| 38 109
4.31 6.43 9.60] 12.90|4"| .96 46 128
5.35 8.05| 12.10]| 16.10|4”| .96| &1 148
6.68 9.86| 14.85| 19.80(4"| .96| &9 170
8.00( 12.00| 18.00( 24.00|4"| .96| 67 194
9.59| 14.40| 21.7 28.80 | 4”| .96 | 16 218
11.40| 17.10| 25.8 34.20 | 4”| .96 | 856 246
13.40| 20.00| 30.2 40.00 | 4”| .96 | 95 273
15.60| 23.40| 35.2 46.90 | 4"| .96 | 106 301 .
20.90| 31.25| 47.0 | 62.50|5"(1.2 | 169 456
27.00] 40.5 | 61.0 | 81.0 |5”|1.2 | 189 643
34.30| 561.5 77.0 | 103.0 |5”|1.2 | 222 639
43.00| 64.3 96.5 | 128.5 |5"[1.2 | 267 740
52.90| 79.00| 118.5 | 158.0 |5"{1.2 ‘| 296 848
64.10| 95.8 | 144.0 | 192.0 | 6”"({1.44 | 403| 1160
76.50 | 115.0 | 172.0 | 230.0 |6”{1.44| 466| 1310
91.10 | 136.8 | 205.0 | 274.0 | 6"|1.44| 509 1470
102.50 | 162.0 | 241.0 | 324.0 | 6”|1.44 | 668 | 1640
125.00 | 188.0 | 282.0 | 375.0 |6”|1.44| 629| 1810
178.00 | 267.0 | 400. 534. 6”|1.44 | 7197| 2290
244.00 | 365.0 | 550. 730. 6”11.44 | 982 2830
325.00 | 488.0 | 730. 978. 6”(1.44 [1190| 3430
421.00 [ 634.0 | 945. [1270. 6”1.44 {1420 4070
2(35538 18%'8 ig(l)g 1610. g” }ﬁ 1660 | 4780
. X . 12000, ”11.44 (1930 | B660
824.00 [1240.0 [1860. [2470. 6”7 (1.44 |2210| 6380
1000.00 [1500.0 [2250. [3000. 6”(1.44 |2610| 7250
1200.00 {1800.0 [2700. [3600. 6”11.44 {2840 | 8200
1420.00 2140.0 (3210. [4280. 6”11.44 [3180| 9200
1670.00 [2500.0 |3770. [5000. 6”11.44 |3640 | 10200
1960.00 2900.0 (4400. 5800, 6”|1.44 |3930 | 11400

1 cubic foot=7.48 U. 8. ;zallons.
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PROPERTIES OF DOMES

Total Laad 300 Pounds por Square Fost Total Lead 300 Pownds por Symare Fost
i - 2 = e

=8 EE = =¥ s i k]
s liiishragy M e s 12 0y

TH EF e TR
ol HIE SFTIBEE
= =

16| 20.3] 2 |1.73| 31| 320 22.5| 2’| .48| 33 94
20| 36.0f 2 (2.28] 65| 750 40.0( 3" | .72| 87{ 250
26| 56.2( 2 |2.73| 86| 1280 62.5| 34| .84( 160| 466
30| 81.0( 24(3.30| 164| 2440 90.0( 4 | .96( 261 761
36 | 110.0| 3 |3.87| 250| 3880(| 122.5| 6 |1.20| 300| 1280
40 | 144.0( 34|4.44| 386 5800 160.0| 53| 1.32| 432| 1840
45| 183.0| 4 (5.01| 662| 8300 202.5| 6 |1.44| 690| 2640
50 | 225.0| 4% (5.58| 720|11400|| 250.0{ 7 |1.68| 845| 3660

Total Lood 000 Pounds por Sguars Fost Total Load 1200 Pounds per Symare Fost
156 | 33.8] 3 | .72| 49| 141 4.0/ 4 | .96| 66| 188
20 | 60.0| 4 | .96| 116 333 80.0( 6% |1.32| 106| 460
25 | 94.0| 6 [1.20| 161 @61 125. | 64 |1.56| 196 | 860
30 {135.0| 6 |1.44)| 264| 1130| 180. | 8 (1.92( 347| 15610
36 |184.0| 7 |1.68) 416] 1790 215. | 94 (2.28| 560 | 2440
40 [240.0| 8 [1.92| 6156 2670 320. [10%|2.53( 811 35640
456 |305.0| 9 [2.16) 881 3810 405. |12 |2.88(1170| 6100
50 |375.0( 10 [2.40[1200( 6210|| 500. |13%|3.24|1630| 7020

Total Load 1500 Pounds per Square Foet Total Load 1000 Pounds per Syuars Fost
16| 56.3| 6 [1.20] 66| 236 67.5| 6 [1.44| 66| 282
20 (100. | 64 |1.57| 126| b44| 120. | 8 [1.92| 164 666
26 (156, | 8%(2.04]| 267| 1110| 187.5(10 [2.40| 300 1310
30 |225. (10 |2.40| 436 1890 270. (12 |2.88| 621| 2260
36 |306. [113(2.76] 680| 2950 | 367.5| 14 [3.36| 829} 3600
40 | 400. |13 (3.25(1040| 4620 480. |16 |3.84|1226| 5360

Total Lead 2108 Peunds por Syuars Foot Total Lead 2400 Peveds por Symare Fost
20 |140. | 9 |2.16| 174 760|| 160. | 10%|2.52| 202| 880
30 |{315. [14 |3.36| 610| 2660| 360. |16 |3.85| 690| 3030
40 | 560. | 183 |4.45|1440| 6200 || 640. |21} |5.16(1670| 7200
50 | 875. | 234 |5.62{2850] 12200 || 1000. |27 | 6.50 | 3260 14100

In domes. for 300 pounds per square foot the: weight of
reinforcement in base ring is included in weight of the steel,
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Fig. 58. Half Section and Half Elevation of Elevated
: Water Tanks.
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In this case the reinforcements given in the fourth column
must be placed at both sides of the wall.

Longitudinal reinforcement should be 14 %.

Example: To build a covered reservoir of 300,000 gallons
capacity. It is evident that it will be economy to use portion
of the excavation for backfill, and therefore the reservoir
should be built partially under and partially above the natural
ground. At a first trial it will be natural to assume that the
height should be as little as possible, say one-quarter of the
diameter. The table on page 122 gives the corresponding
diameter to 60’. Figuring the concrete at 25¢ per cubic foot,
steel at 214c per pound, forms at $45 per 1000 feet B. M., ex-
cavation at 50¢, fill at 30c per yard, we find that the relation
b:a=nearly two, or that H should be nearly equal D. On
the other hand, a tank being as high as the diameter, of the
required capacity would be, according to the tables, 38" in
diameter and rather inconvenient to build and to cover with
dirt, and we shall settle on a tank 50’ in diameter and 20’
high, being ten feet in the ground. The dirt from the execa-
vation will be just sufficient to cover the top three feet deep
and to form an embankment around the sides. DXh at the
lowest point—=1000, at a point 5 higher up="750, at middle
height=500, at the quarter point=250, requiring, according to
tables on pages 120 and 121, 2.00, 1.50 and 0.50 square inches of
steel per lineal foot, or 1" square bars, spaced 6”, 8”, and 5"
square bars spaced 9” respectively. The reinforcement at the
top of the cylindrical shell should not be less than 14 9% of the

_7x12

section: =21 square inches. As vertical reinforcement

we shall use 3" square bars 30” c.c.=1%49% of the concrete
section.

The bottom, according to the table on page 122, will be
made 6” thick, and reinforced in each direction by 14 %=—.18
square inches, or 34" square bars 9” c.c.

The dome will have a rise of 5 and be 414" thick and

reinforced by 4% in two directions, or 4.5x12 =.135 square

inches per lineal foot. The thrust of the dome must be taken
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up by a circular reinforcement at the base of the dome. The
required sectional area is found by dividing the stress given

in the table by 16000, 0r.225.000_, square inches, correspond-
000

ing to fourteen 1” square bars.

The reinforcement in the shell should overlap at least 50
diameters, and the laps should be staggered.

The simplest way to make the shell waterproof is to give
it, on the inside, three coats of cement finish, each about 14"
thick, and each applied before the preceding coat is set.
Before applying the finish the surface must be thoroughly
cleaned and wetted. The finish is to consist of one part
eement, 1/10 part hydrated lime, and 1 part sharp sand.

The entire tank requires 3540 cubic feet of concrete, 32400
pounds of steel, and 19 M feet of lumber.

As a comparison we shall figure the quantities for a square
tank of the same capacity. Let us assume the tank is 50
square and 18’ deep, allowance of 2’ being made for air space,
which in case of a dome cover is obtained by the rise of the
dome. In as much as the water stands only 16’ feet high and
the wall is 18" high, we shall take the dimensions for a 17’
wall given in table on page 119 for the side walls, which means
that we have per square foot 1.5 cubic feet of concrete, 6 pounds
of steel, and 4 feet of lumber for forms. For the roof con-
struction we shall adopt a girderless floor, being supported
by columns 16’ feet on centers, which floor construction re-
quires .625 cubic feet of concrete, 3.84 pounds of steel and
3.00 feet of lumber per square foot. The columns we shall
make 15x1514, reinforced by four 7%’ round bars.

This tank requires 8250 cubic feet of concrete, 33300 pounds
of steel and 22700 feet of lumber, and although the unit labor
might be a trifle less in this case than for a round tank, the
latter will be found cheaper than the square tank,

The table on page 123 gives data for the design of domes,
which are uniformly loaded. The rise of the domes was
assumed =1/10 of the diameter in case of a total load of 300
pounds per square foot, and=%of the diameter in all other
instances. Concrete domes are figured for shear only, because
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the shear is not much less than the compression per lineal

foot, but the allowable shearing stresses are considerable less

than the stresses which may be allowed in compression.
The vertical reaction per lineal foot of circumference at the

base of the dome:‘i#)f.;_3.14D=%and this force produces
pD

a radial tension of 2.4X and __;_PTD for domes of a rise

=D and $Drespectively,which radial forces multiplied by half
the diameter==0.6pD* and .333pD? gives us the stresses in the
base ring. The shear per lineal foot of circumference in
radial direction=0.231pD and 0.20pD respectively, and a
shearing stress of 75 pounds per square foot was allowed in
figuring the tables. There is no necessity to reinforce the
dome in circumferential and radial directions, and it is the
writer’s practice to place a reinforcement=1%% in two main
directions under right angles to take care of possible unequal
loading.

The thickness of the domes at the base may be safely de-
ereased to 14 at the erown, which was taken in consideration
when figuring the concrete, in all cases where thickness at
the base is given at 5 or larger. ‘

The elevated tanks, as detailed in table on page 124 and as
shown in Figure 58, will be found in most cases cheaper than
standpipes or other elevated tanks, and are decidedly of a
sightlier appearance. The bottom consists of a. portion of s
sphere and a truncated cone, and if the relative dimension
of the cone and dome are adopted as given in the tables an
shown in Figure 58, there is no perceptible thrust on the ba
ring. i

The smaller tanks may be supported on columns, but th
larger tanks should be supported by a reinforced coneret
shell, of a thickness as shown in table, and reinforced b
%% in both vertical and circumferential direction. Thé pen
missible load on the ground was assumed=5000 pounds pel
square foot, and the wind pressure was assumed=30 pound

per square foot for a flat, or 20 pounds for the projection of
i

a roynd surface,
i
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Where the tank is supported by columns a stiffening ring of
a section=section of the supporting columns should be
adopted to transmit the loads to the columns. The reinforce-
ment of this ring for the three cases in the tables by four
1” round bars will suffice. Extra rods should be provided
for the negative bending moments over the supports. At the
junction of the comical bottom with the cylindrical shell is
acting a tension = weight of shell and cover divided by 3.14,
which must be taken care of by a circular reinforcement.

The thickness of the conical bottom=thickness of the shell,
and the circular reinforcement can be taken from pages 120
and 121 for the proper values of dXh.
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GRAIN ELEVATORS.

We assume the weight of grain=50 pounds per cubie foot,
and the angle of repose=—29°. Then by common theory of
earth pressure the pressure per lineal foot on a wall h feet
high==7.7Th2, and the pressure per square foot at h below the
surface==15.4h. This pressure in a bin of the width s in feet
increases, however, only until h=s cot. 29°=1.8s. Below this
depth the friction against the sides equals the additional weight
of the grain, and no matter how deep the bin the pressure
never exceeds 15.41,8s=27.758, a fact fully demonstrated by
practical experience.

The bending moments caused by a uniform load p per square
foot in a square frame of a side s in feet are given by the

formula P 83 and ps?
24 12

corners respectively, or, as p==27.75s, the bending moments=
1.158* and 2.3s® respectively.

It will be found that the bin walls given on page 133 were
figured according to these bending moments. The bottom of
these bins is generally built as a truncated pyramid, which is
suspended from the sides. The weight on the bottom is not
greater than the weight of the grain of a depth=s'. The
total weight on the bottom divided by the girt of bin gives
the vertical force per lineal foot, which must be taken care
of by the suspension rods ‘‘r,”’, the section of which is ob-
tained by dividing the stress given in the seventh column
by 16000. These rods should extend into the bin walls for a
length=s8’ and each rod must be anchored by a stirrup at
least 2’ long into the adjoining bottom, in order to take care
of the horizontal component of the pull from these suspension,
rods.

The horizontal reinforcement of the bottom should consist
of the same rods and the same spacing as the bin walls, and
short rods should be imbedded in the upper face at the cor- |
ners to take care of the negative moments.

The columns supporting the bin walls should be of liberal

‘ze, and the girder ‘‘a’’ formed by the intersection of the

for the center of the sides and the




131

CONCRETE POCKET BOOK.

‘surg ‘surg oisnbg yjm
punoy yjIs si0jBAo[y ureid °09 ‘Sny §1038AR[Y UIBLY °6S Sty




132 MENSCH, THE REINFORCED

bottoms should have liberal dimensions and reinforced by
at least four 1” bars, in order to transmit the load from bin
walls to columns.
In case of circular bins of a diameter d, the sectional area
of the reinforcement for all points below 1.8d per lineal foot
27.75d y d — 0008650, and can be diminished to %% at

16000 2
the top.

A suspended bottom is rarely used for bins more than 20’ in
diameter; for larger diameters the bottom is supported by a
regular floor construction. The shear per lineal foot equals
again weight on bottom divided by circumference and pro-
duces a tension under 45° to be taken up by the suspension
rods, and a compression at the bin wall of the values given
in the eighth column. The horizontal reinforcement in the
conical bottom should be the same as in the bin walls.

Also these bins should be supported by large columns and
a heavy stiffening ring at the junction of bottoms and sides.
In a cluster of circular bins, there are formed smaller bins,
nearly square in section, which should be reinforced as given
for square bins, )
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CONCRETE DAMS.

Figures 61-62 show types of solid concrete dams, as gener-
ally executed in rubble masonry. In a dam, built according to
Figure 61, the compressive stresses at the downstream edges of
the base=—100.5 h pounds, and those at the upstream edge=
68.5 h, while the greatest compressive stresses occur when the
reservoir is empty, namely 166.5 h at the upstream edge. Such
a dam is safe even if the water pressure should find its way
under the base of the dam, a case which can only happen to
any considerable extent if the dam is not founded on bedrock,
an absolute necessity for any dam of importance.

In a dam built according to Figure 62, the compressive
stresses at the downstream edge of the base=131 h, and those
at the upstream edge—40 h; by giving the upstream face a
batter of 8% the greatest compressive stresses, when the
reservoir is full and when it is empty, are nearly alike, namely
150 h.

The rubble masonry consists generally of 50 to 60% of large,
stones and 40 to 50% of concrete, 1:714 to 1:9.

ARCHED DAMS.

The line of pressure for an arched dam is a portion of a
circle. Let D=the length between the abutments in feet, and
the rise of the arch—0.2 D, then the radius of the circle=
0.725 D and the stress per lineal foot height at a point h’ below
the water line==62.5 Xh X 0.725 D=45.3 Dh; allowing a stress of
25000 pounds per square foot on rubble masonry, the thickness
of the dam at a point h’ below the water line=0.00182 Dh.
This would mean a feather edge for the top of the dam. If
we assume the thickness at the top=0.1 of the base, the total
volume per lineal foot of the section (the height of the dam
=H')=0.001 DH2 cubic feet, or in the entire dam, consider-
ing that the length of the arch=1.10 D, are 0.0011 D2H2 cubic
feet.
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If the rise of the arch=0.288 D, the corresponding radius of
the circle—=0.58 D, and the thickness at the base=0.00145 DH,
and the volume per lineal foot of the section=0.000796 DH2
cubic feet and the total volume of the dam, considering that
the length of arch=1.209 D,=0.000965 D2H2 cubic feet, which
is the minimum volume obtainable in any arched dam.

Comparing these volumes with the volumes of the gravity
dam, as shown in Figure 62, we find that the arched dam with
a rise=0.2 D contains less material as long as D is less than
363’, and the dams with a rise=0.288 D contain less material
as long as D is less than 415",

It is an undisputed axiom that there is no stress where there
is no deformation. If, on account of the friction, the base of
the dam cannot move in accord with the proper elastic diminu-
tion of the length of the arch, there cannot be any arch action
at the base, and the influence of such an immobility extends
well up to the middle of the height. Hence, where there is no
special provision made to allow of the safe sliding of the
base, every arched dam must act as a gravity dam as well,
begause there is no other way for the structure to take care of
that part of the water pressure which is not taken up by the
arch action. It can be shown that in an arched dam, of a
section as shown in Figure 63, the overturning moment about
the base of that part of the water pressure which is not taken

up by the arch action=62.5 }1‘_:.., resulting in a compressive

stress at the downstream edge of the base=177.5H and in a
compressive stress at the upstream edge of the base=9.5 H.
The writer does not see any reason why the allowable stresses
in dams should be limited to only 100 or 150 pounds per square
inch, and he advocates the use of the same stresses which would
be used in retaining walls. We see that arched dams of a
section, as shown in Figure 63, show a saving of 38% in
material over gravity dams of the section shown in Figure 62.

A far greater saving can be effected by the use of reinforeed
concrete arched dams, but inasmuch as such reinforced arched
"»ms have not yet been built, we will not give any tables for

e kind of dams.
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REINFORCED CONCRETE DAMS,

The table on page 140 gives the data for cantilever type of
reinforced concrete dams of moderate heights. A section of
such a dam is shown in Figure 64. The stability of the dam
is obtained by an earth fill on the downstream side. When the
reservoir is emnpty the dam is strained, similar to a retaining
wall of the type ‘‘A,’” and must be reinforced for earth
pressure, and when the reservoir is full the dam is strained by
the water pressure, which is partially counteracted by the
earth pressure. On account of the triangular shape of the
earth prism the earth pressure on the downstream face of the
wall may be taken as 10h% or the pressure per square foot
at a point h below the top of the fill==20 h, and the moment
about the base of the wall=3.33 h3,

The moment from the water pressure about the base of the

2
wall=62.5 ’%x _l:;— =10.42 h3, or the back of the wall must be
reinforced for a bending moment=7.09 h3.

The compressive stress at the downward edge of the base of
the dam=—82.5h pounds per square foot and that at the up-
stream edge=37.5 h, while the actual pressures, which must be
taken care of by the base plate are given in Figure 65 by the
diagram abede.

The area of the reinforcing rods given in table on page 140
is for the intersection of wall and base, and the rods may be
stopped off at proper intervals, according to the bending
moments, which are acting at the various points,

The weight of the base and fill per square foot at the
extreme downstream edge of the base must=20h pounds, in
order to make the structure safe against overturning when the
reservoir is empty.

The yardage for the fill per lineal foot of the dam is given
in the last column of the tables.

The very low stresses produced on the ground by these dams
does not always necessitate the foundation of the dam on bed-

dek, provided an apron, as shown in dotted lines in Figure 64,
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is built at the upstream side of the dam into the impermeable
strata below or unto bedrock. Where the building of this apron
in the ordinary way would be too expensive, an apron of
reinforced concrete sheet piles can be provided, and this apron
can be made watertight by forcing grout into channels provided
for this purpose in the sheet piles.

For dams higher than 25" counterforts should be adopted, as
shown in Figure 65. The data for these dams are given on
page 141. The downstream face of the wall is figured for a
pressure of 42.5h pounds per square foot, and the upstream
face for 20h, and in both cases the bending moment was
taken as };.l; , when p=pressure per square foot and I=clear
span between counterforts. The base plate is stressed, as
shown in Figure 65, by a distribution of loads given by diagram
abede, at the extreme edges by 62.5h pounds per square foot,
and a reversal of stresses takes place at the center of the base.

The counterforts are mostly stressed in the plane, marked
mn in Figure 65, and the main reinforcement may be stopped
off at proper interval. The reinforcement of the counterforts
at the upstream side is extremely heavy for the higher dams
and must be placed in the part of the wall adjoining the
counterfort, and proper stirrups in horizontal direction must be
provided to transmit the shear.

In case that there is danger that the dam is overtopped, the
earth fill should be covered by a reinforced concrete slab at
least 6 thick, reinforced by %4 % in both directions.
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REINFORCED CONCRETE DAMS,
(Cantilever Type.)

Toickoessotway | AreaofVoal | s PR LMEAL FoeT
Boight Relnforcomeat per
of b Lineal Foot of Wall
from the Cable form | Earh
hau b Atthe | Atthe Sors " oot Stool | Lumber -
Watr | Bam | Tw Fost
Ues ochos | toches Stream | Stream of Pomés | Beard Cubic
Facs Face | Concrete Measwrs | Yaris
6| 8 | 8 | 24| 24| 80| 28| 24 | .67
7 8" 8 24 | .24 9.5 34| 28 .92
8 8” 8 .29 24 10.5 40 32 1.40
9 10” 8 .30 .30 13.5 50 36
10 117 8 .33 .33 16.0 (1] 40
11| 12| 8 | 50 | .36 | 185| 76| 44 | 2.70
12 | 147 | 8 | .50 | .42 | 220/ 85| 48 | 3.20
13 15" 8 .63 45 25.0 95 | 62 3.70
14 18" 8 .60 54 30.0| 108 66 4.20
15 18" 8 .90 54 33.0] 138 60 4.80
20 24" 8 1.4 .72 54.0( 240 80 9.00
25 36" 8 1.50 | 1.08 92.0| 3680 | 100 |13.60
30 48" 8 2.88 | 1.44 | 140.0| s00 | 120 |19.50

The longitudinal reinforcement=1%9% at top, and 1% to
%% at the lowest portion of wall,
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REINFORCED CONCRETE WATER PIPES.

Let d=inside diameter in inches, and p=pressure in
pounds per square inch (a head of ome foot of water means
a pressure of 0.43 pounds inch? or a pressure of 1 pound
inch? means a head of 2.31 feet), 12000—safe stress per
square inch on the helical reinforcement, then the sectional

area of the helical reinforcement per lineal foot— dp . Where

occasional loss of water is of no great account a stress of
16000 pounds per square inch may be allowed.

The pipes are generally made in lengths of 3’ to 10’, in
permanent or temporary shops, always by the use of sheet-
steel forms. Their connections are formed by means of
sleeves, generally 8” long and about 1” larger in diameter
than the pipes, and the space between sleeves and pipes is
filled with grout.

For heads between 80’ to 100°, a mixture of not less than
one part cement to 1.3 parts of sand and fine gravel must be
used. For heads between 50’ to 70’ the mixture should not
be less than 1:1.5, for heads between 30’ to 40’ not less than
1:2, for smaller pressures not less than 1:2.25.

The piteh of the reinforcement should be very small, from
114" for 100" head down to 4" for small heads.

Where the friction on the ground takes up the greatest
portion of the tension in the pipes, the longitudinal reinforce-
ment may be limited to 4%, otherwise the sectional area of
the longitudinal reinforcement per lineal foot of ecircum-
ference must be one-half of the sectional area of the helical
reinforcement per lineal foot.

For higher pressures than 45 pounds inch? the water
tightnese is obtained by a sheet-steel lining #" to 14" thick,
which in important pipes is protected by an inside reinforced
concrete shell 17 thick,
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REINFORCED CONCRETE CIRCULAR SEWERS.

We know very little of the forces acting on a sewer in the
ground. The vertical loads produce a positive moment at
the top ‘“t’’ and negative moments at the sides ‘‘s,”’ but
we are unable to tell in what manner the earth pressure
counteracts these moments. It is also clear that there is a
certain arch action in the fill above the sewer (similar to
what was said in chapter on Grain Elevators), preventing the
full weight of the fill acting on the sewer, especially in deep
trenches; also that the live head is only partially transmitted
to the sewers. In many German cities the sewers for heavy
traffic are designed for the following vertical dead and live
loads for various depth of fill, neglecting the favorable in-
fluence of the earth pressure.

Height of fill ........... cereeen 3 v 15
Vertical load per square foot.... 8001lbs. 7001bs. 600 lbs.

By the theory of least work, we obtain the following
moments for a uniform, vertical load p per square foot acting
over the entire diameter, over 1% diameter and for a.con-
centrated load P in center.

LoAs L —!2‘— 4
- ] 2
Pasitive Moment ot t & b...................cenl ;‘6 '2‘0 6""8
|2 3
Nogative Momest at S & ...t ;‘6 2';'5 1:‘1

when d=diameter in feet.

The sewers on page 149 were figured for a moment of 1]’22
and it is clear that the reinforcement must be placed at top
and bottom near the inside face and in the center near the
outside face. Where sewers are built in the ground it is
as a rule cheaper to give the outside an octagonal shape, as

shown in Figure 66. The longitudinal reinforcement may be
imited to 149,.
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CIRCULAR SEWERS.

149

Load BIAMETER OF CIRCULAR SEWER
per
‘g‘ 21 3" 4|5 | g | 7| 8
Lbs.
800 200 | 450 | 800 [1250|1800|2450| 3200
Mauzimem Beading Momest. | 700 175 | 395 | 700 |1100|1580|2150| 2800
600 150 | 333 | 600 | 940[1350| 1840 2400
2" 3" 4" 5" 6" 7 8
800
.06 |.09 |.120].150(.180 .210( .240
Thickness of Risg and Soc-
137 23" | 3 4 63" | 6" 7"
tional Area of Reinforce- | 700 { i ¥ 4 ¥ t
ment por lineai foet...... 007 L12| .17 {.190] .165| .250] .252
| 23| 34| ¢ | o | 53| e
0 {
.06” | .09 |.105(.190|.180| .240| .280
BIAMETER OF CIRCBLAR SEWER
9! 10'(11'|12'|{13'| 14'| 15"
800 | 4050 (5000|6050 [ 7200 | 8450 | 9800 |11250
Nazimen Bendiag Momast. | 700 | 3550|4370 (5300 | 6300 | 7400 | 8550 | 9800
600 | 3050 (3750|4550 [ 5400|6350 | 7350 | 8400
9” | 10" | 11" | 12" | 13" | 14" | 18"
800
.270].320(.330| .36 | .39 | 42| .45
Thickness of Ring and Soc- 8" e | 10| 117 | 127 | 13" | 14"
tlonal Area of Reintercs- | 700 { o X 9| 4o
M”NWM .290 ~10 .30 .36 .36 .3 s >
" L . . 7" 8” 9" 107 | 11”7 | 12” 13"
600 { ‘
: .340( .330 .30 | .36 | .36 [.390

.820
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REINFORCED CONCRETE PILES.

The reinforcement of concrete piles is only governed by
the requirements of safe handling before the actual driving.
Experience also demonstrates that small cracks, occasioned
by the transport of the piles, do not cause failure of the
piles in driving; the fact is they close up after the first

blow. The piles in the table are figured for a moment 1;12
when p the weight per lineal foot in pounds, and 1 the length
of the pile in feet. This moment is produced when the pile
is supported at one end and at a point 0.31 away from the
other end. This gives a factor of safety of 1.6 for the case,
that by accident the pile is supported at both ends only.
Unless the piles are driven by a water jet it is necessary to
use very heavy hammers for driving, in order to reduce the
cost of driving. 1t is desirable, in hard ground, to use a
hammer about twice the weight of the pile and not much
less than the weight of the pile; then the driving does not
take more time than that of an ordinary wooden pile,

Let h=the fall of the hammer in inches,

e=—average of the last ten blows in inches,
H=weight of hammer in pounds,
P=weight of pile in pounds;
then the weight which the pile can carry is given by the
h H2P
formula W= o (HEP2
gives satisfactory results.

h is rarely more than 90",

Rarely less than 25 tons nor more than 80 tons are allowed
on a concrete pile.

In filled ground it is of advantage to give the piles a
taper, making the point not less than 6”. If the center of
the piles is made of the thickness given in the tables, then ‘
the same reinforcement may be used, if the pile is handled
0.30 1 away from the point. In good fill it is safe to figure i
with a frictional resistance of 1000 pounds per square foot. |

'For wharf work, where great stiffness is required, hollow
viles of diameters up to 5" are preferable to solid piles.

pounds. This formula nearly always |
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DATA ON REINFORCED CONCRETE PILES.

Bonding Cobic |
Sl ol | et |Thoreotically | Weight | Lo | Welt  Safe
o Smare n Roguired of o o Lend Mix-
< | M. 1000 (Reisforcoment| Stest | Comcrats | g 100 | ters
il (PR I O R T L T Powds
Pownds ae Pl

200 | 12 2.9 § | ti3s 20 | 2900 77 1:6
25' | 12 4.5 8" | t17s 26 | 3600 7| 1:6
30’ 12 6.5 " 1 {207 30 | 4350 77| 1:6
35 | 14 12.3 " 248 48 | 6900 | 100 | 1:6
40’ 14 16.0 ' 368 64| 7800 | 104 | 1:6
H' | 14 20.3 17 526 61| 8800 | 109 | 1:6
50’ 14 25.0 14 726 68 | 9800 | 115 | 1:6
55’ 14 30.3 1} 970 76 | 10800 | 121 | 1:5
60" | 14 36.0 18" | 1270 82 | 11800 | 128 1:5
65" | 15 47.5 13” | 1630 | 102 | 14700 | 149 [ 1:4
70" | 15 55.0 14" | 2360 | 110 | 15900 | 167 | 1:4
75 | 16 72.0 13" | 2900 | 133 | 19200 | 191 | 1:3
80’ 16 82.0 2" 3620 | 142 | 20500 | 201 | 1:3
85’ 18 | 117.0 *#11” | 4900 191 | 27500 | 256 | 1:3
90’ | 18 | 131.0 2 6000 | 202 | 29000 | 272 | 1:3
100" | 20 | 200.0 12 9700 | 278 | 40000 | 350 | 1:2

* 6 rods. 18 rods.
T Assumed 4-3; rods.

The piles should be well cured, repeatedly drenched and
then sprinkled with water, and should be two months old
before driving. Piles which are driven by a hammer within
one month or even three weeks, should contain at least 50%
more cement than indicated above.
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ARCHED BRIDGES

The most favorable shape of an arched bridge without
hinges is a curve very closely following a parabola.

For the dead load and any fixed loading we can find by the

theory of catenary curves the line of resistance which
coincides with the center of gravity of each section of- the
arch, and, thercfore, produces uniform pressure in each point
of a section, but any other loading will then produce bend-
ing moments in all points of the arch. It can be shown
that the most economical shape of an arch is very closely the
line of pressure which corresponds to the full dead load and
one-half of the live load, uniformly distributed. We have,
as a rule, two types of arched bridges: one as shown in
Figure 76, with solid spandril walls and dirt fill above the
arch; and one as shown in Figure 77, with open spandril
construction.
- Let 100a=the weight of the arch ring per square foot
at the apex+the weight of the dirt fill and pavement per
square foot+50 pounds, which is one-half of the customary
live load of 100 pounds per square foot, and f—the rise of
the arch in feet, 100=weight of dirt fill per cubic foot, and
l=span in feet then the line of pressure for the first type of
arched bridges is very closely given by

8f
— 08 X a X 1o X 3_o¢ X .
=142 (1 + 3= =80+ ) ()24 (3=2()4 - (1

when the origin of the system of codrdinates is at-one abut-
ment and the axis of the abscissae is horizontal. The hori-

zontal projection of the thrust is given by T=100%(1+63£—)(2)

1+32 : )
8f f . - ‘
and tgb=T—;—(3), where b is the angle of the tang-

ent of the line of pressure with the horizontal at the abut-
t
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In the following table we can find the ordinates for the
various 1/10 points of the arch and for the different values of

2 _ by multiplying the black figures by f.

+ |' 0.4x | 03x | 0.2x | 0.1x t,.+_:_
3 8.33 .969 .873 .697 412 | 5.00
45 T .970 .879 .703 418 | 5.58
40| 7.09 971 .880 .706 426 | 5.18
35 | 6.48 .972 .885 715 A3 | 5.32
.30 | 5.8 .975 .887 .722 42| 541
.25 | 521 .976 .889 .733 450 | 5.60
20 | 4.58 .978 .901 5 464 | 5.81
15 | 3.96 .985 .913 .762 482 | 6.11
0 | 3.33 .987 .924 784 505 | 6.50
Paabela..................... .96 .84 .64 .36 4.00

In the open spandril type of arched bridges the line of
pressure varies from a parabola only on account of the in-
crease of weight of the arch towards the abutment.

Let d—weight of arch per square foot at the apex+4weight
of pavement and floor construction at apex per square foot
+50 pounds, and c=the increase of weight per square foot
of the arch at the abutment, then the line of pressure is
given by

8f
= +3d @3 X 43+ e

The hor17ontal projection of the thrust_—(d+—) .(5)

8+ 3y . _
and tgh = ___.__-__..(6) practically the same as the
1-}5_3;‘1 .

tangent to a parabola,
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Inasmuch as the shape of these curves is very near a para-
bola, we propose to find the bending moment, thrust and
reaction at the abutment from a concentrated or moving
uniform load by the theory of parabolic arches of constant
ratio of ds: L.

In textbooks can be found the following or similar equa-
tions for the reaction (R) thrust (T) and moment (Ma) at the
left abutment, for a concentrated load P, placed at a point u
from the left abutment:

_ (l—\1)2(1+2u)’ — 15  (I—u)2u2
R=P—0"— T=Fx o5 o

_pu(d—u)2 , 25u
Ma=P B (1 1+k)

I 45
AEC 1
wherein I=moment of inertia of the cross section, which is
assumed to be constant, and A—area of the cross section.
The influence of the shortening of the arch by the thrust is
represented by k, but by inspecting the tables of arched
bridges it will be found that k is never larger than 0.03 and
mostly very much less, therefore we shall omit it in our

calculations.

when l=span in feet, f—rise in feet and k=

We can figure the values of R, T and Ma for the various
positions of a moving concentrated load from above equa-
tions; this was done for each 1/10 point of the arch and
shown graphically in Figures 69 to 71. The curves are called
the influence line for R, T and Ma, respectively. We consider
a moment positive if it tends to bend the arch in the same
way as a downward load in a freely supported girder. Having
found the indeterminate values of R, T and Ma, it is easy
to find the moment about any point of the arch by the equa-
tions M=Rx—Ty—Ma and M=Rx—Ty—Ma—P(x—u), ac-
cording to whether the moment is to be found for a point
at the left or the right of P.
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Influence Lines for Reaction, Thrust and Moment at
Left Abutment in a Parabolic Arch.
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The ordinates of the curve in Figure 72 give, if multiplied
by P., the moments from a moving concentrated load P
about a section of the arch at the 2/10 point, and is called
thg influence line of the moments for the point x=0.21. We
see that the greatest positive moment is produced when the
load is at the point x=0.2 1, that no moment is produced at
the section x=0.2 1, when the load is at x=0.36 1, and that
negative moments are produced when the load moves further
to the right; and the greatest negative moment about the
section x=0.2 1 is produced when the load is at x=0.54 1.

The greatest positive moment from a moving uniform load
about the section x=—=0.2 1 will be produced, when the load
moves from the left abutment to the point x=0.36 1 and is
found by multiplying area of the diagram below the axis of
the abscissae by pl, when p—uniform load per square foot.
The greatest negative moment is produced when the uniform
load moves from the right abutment up to the point x=0.36 1.

By inspecting the Figures 72-75, it will be found that the
greatest moment from a concentrated load about any point
of the arch is produced at the section x=0.3 1, when the load
is placed at the same section, and—=0.0596 Pl, a very high
value if we consider that the bending moment in a girder
=0.25 Pl. The greatest negative moment about any point
of the arch is also produced at the section x=0.3 1, when the
load is at x=0.6 1.

The maximum bending moment from a moving uniform
load is also produced at the section x=0.3 1, when the load
moves from the left abutment up to the point x=0.44 1; at
the same section is also produced the largest negative bend-
ing moment in any point of the arch, when the movable load
moves from the right abutment to the point x=0.44 l

The following table gives the maximum moments and the
corresponding thrust.from a concentrated load and_from a
movable uniform load for  the sectlons of the a.rch at

'=0.2, 0.3, 0.4, and051-. - o
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1= u1|u1|ul|ul

Ill—m-tﬂllﬂl“-ﬁihdl’
Ma (loft shetment) R L

" Negative Moment D L
“ Ma (right sbutmest) * ' pi* “
- Thrust “« w 'l:_ “
ummmm-mm no-

From the foregoing we can deduce the following rules for
the design of an arched bridge:

After having decided on the type of bridge, we find the
shape of the arch by equation No. 1 or No. 4, and the thrust
from the dead load and one-half of the live load by equations
No. 2 or No. 5. The greatest moment in the arch is produced

at the section x=0.3 1 and =l-(—i% from a uniform load, or for

a concentrated load can be found as Pl times the ordinates
in Figure 73, when axle loads are so grouped around the apex
of the influence line so that the summation of the ordinates
times the various axle loads is a maximum. We assume that
the load from a wagon is distributed by the fill and trans-
verse stiffness of the arch over 12’ of the width of the arch,
hence, the values for the bending moment from a wagon load
must be divided by 12 to obtain the moment for one foot
width of the arch.

In the tables on pages 170 to 177 are given the values of a:f,
which we assumed sufficiently high, of the thrust per lineal
foot width of the bridge from dead and half the live load,
and the moment from a uniform load, moving from the left
abutment to x=0.43 1, about the section of the arch at
x=0.3 1, and also the moments per lineal foot width of the
arch from a 12 and 24 ton wagon (Cooper’s specifications),

‘nd  the corresponding thrusts, also for the section at
=0.3 1.
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Up to and including the spans of 140’, the type with solid
fill was adopted; for the spans 150" to 180’ open spandril con-
struction with solid arch; for larger spans open spandril con-
struction with ribbed arches, connected by a concrete slab.

For three different rises of the arch for each span is
given the required thickness of the arch at the crown, and
this {hickness should be gradually increased by 509 at the
abutment. In all solid arches we assumed that both the top
and bottom of the arch ring in reinforced by %% of steel in
the direction of the bridge and by %% cross ways (both top
and bottom).

The use of the tables is best explained by an example: We
shall assume that a bridge of a span of 120’ and a rise of 20’
is to be designed. From the table on page 173 we find that the
greatest moment from a uniform load at the 3/10 section

" is 14400 foot-pounds, and from a 24-ton wagon 26000 foot-
pounds; hence, the uniform load is more unfavorable than a
12-ton wagon, which would only produce a moment of 13000
foot-pounds.

We do not make any appreciable error if we assume that
the thrust given under the heading T, which includes the
thrust from the dead load and half the uniform live load, is
the thrust for a uniform load which proceeds from the right
or left abutment up to x=0.44 1; hence, the arch ring must
be figured for a thrust=65000 pounds and a bending moment
of 14400 foot-pounds at the point x==0.31 for a moving
uniform load.

On page 167 we find that a 18" slab, reinforced by %%
at top and at the bottom, has an area of 248 square inches
and a moment of resistance of 865 inch® and the compressive
stresses from the thrust=65000-+248=—=262 pounds per square
inch, and the greatest compressive and tensile stresses at
the extreme fibres from the bending moment =12X14400--
865=200 pounds per square inch, or the greatest compressive
stress=262-+200 pounds—462 pounds per square inch.

We advocate an allowable stress of 600 pounds per square
inch, hence the design is perfectly safe.

In order to take care of the few imperfections in our
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assumptions we shall take the section figured for the 3/10
point of the arch as the crown section, and shall increase the
thickness of the arch (but not the reinforcement) to 114
times the thickness of the crown at the abutment, which
means, of course, also an increased thickness at the 3/10
point. Inasmuch as the positive and negative moments are
practically alike, it is clear that the reinforcement must be
the same at both the top and the bottom of the arch. The
greatest absolute values of the thrust and the moment are at
the abutment, and the thrust is 589 greater than 65000, and
the moment is 699 greater than 14400; as a rule it will be
found that by making the thickness of the arch 114 times
that of the crown that the stresses of the abutment are less
than those for the 3/10 point.

If the bridge is to be figured for a 24-ton wagon, we obtain
the thrust by substracting from the value given under T one-
half of the thrust from the uniform load given under the
heading 100 L;f. , and adding the thrust given under the
heading T from a 24-ton wagon, which in this case=64000
pounds per lineal foot width of the bridge. The moment
from a 24-ton wagon load is given as 26000 foot-pounds, and
assuming an arch ring 20” thick, of an area of 276 square
inches and a moment of resistance of 1075 inch3, we find the
compressive stresses from the thrust=64000 : 276—=233 pounds

per square inch, and the stress from the bending moment

=12X26000 : 1075—=291 pounds per square inch, or a total
stress of 524 pounds.

The stresses from a variation of temperature are found by

the following consideration:

Let E=modul of elasticity=2,000,000 1bs. per square inch,
e=coefficient of expansion for 1° F=0.0000055,
t=change of temperature=50° F,

I moment of inertia in inch*

f=rise of arch in inches;
then by the theory of least work and for a constant relation
of ds:I in a parabolic arch, the thrust from a change of

temperature=—= ‘lfl_git pounds, and the moment at the abut-
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ment:l_o_ﬁ]_l_cg inch-pounds; substituting the above values

4

for E, ¢ and t, we have T=6200 ilslbs and Ma=4140 %
inch pounds. The moments at the various 1/10 points of
the arch are for x= 0.2, 0.3, 0.4, 051

—1703 9401 17901 2060 inch Ibs.

In above example the moment of inertia for a width of one
foot is given on page 167="7782, the rise =240”, therefore the
bending moment from a variation of temperature at the 3/10

point 940%=940x7éj§ =30500 inch-pounds, and the corres-
ponding stress in the extreme fibres=30500--865=36 pounds
per square inch. In the tables on pages 180-183 are all these
stresses tabulated. The increase of stress from the thrust by
the change of temperature is very small and may be neglected.
Also the stresses due to the shortening of the arch are very
small. The bending moment at the crown of the arch is very
close= pi2 k , when p the average total dead and live
24 1+k

load per square foot. We said that k is never larger than
0.03 in the bridges given in our tables; therefore the bending
moment due to the shortening of the arch is small in com-
parison to the moments from the live loads. It is good
practice to limit the extreme fibre stresses in the arch, includ-
ing all temperature stresses, to 700 pounds per square inch.

It may be objected that we have no constant ds:I in our
arch. By a more exact calculation can be found that an in-
crease of the thickness towards the abutment increases the
stresses at the abutments and decreases the stresses in the
arch proper, and this variation amounts only to two to four
per cent in the case that the thickness at the abutment==114
thickness at the crown.

We have seen, on page 157, that the positive moments from
a eoncentrated load are considerably larger than the negative
moments, and by giving the arch another shape it is possiblc
%0 to decrease the positive moments and increase the negative
moments that they become equal, or so to form the arch that
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the moments from uniform loads and concentrated loads are-
reduced to a mean value of the separate moments; but only
experts in the design of arches can do this and it takes a
great amount of time, and the cost of the design may be con-
siderably higher than the saving in material.

The bridges as given in the tables are considerably lighter
than ordinarily built in the United States. There exist in
Europe bridges which are considerably lighter still, which were
tested by competent government officials for concentrated and
uniform loads, and which gave no trouble in twenty years.

The quantities of the concrete and reinforcement per lineal
foot width of the arch is simply found by the following
formula: Let d=thickness of arch at the crown in inches
and 1% d the thickness of the arch at the abutment, and

L= 1¢( 1+_§_ {_:)approximately the length of the arch in feet,

then the number of cubic feet per lineal foot width of the

arch ring= gé and the weight of the reinforcement (a total
g 96 g

of 1% of the crown section as longitudinal reinforcement and
a total of 4% of the erown section as transverse reinforce-
ment)=0.60 d L pounds, including overlaps.

The spandril walls may be built of reinforced concrete
according to Type A, given on page 116, or may be built of
brick, rubble stone, cut stone, ete.

The fill in cubic feet=f_31per lineal foot width of bridge.

The cost of the abutments of an arch bridge is often as
great as that of the arch proper and may be even considerable
greater on bad ground, while on rock the cost is inconsider-
able.

The design of the abutments is very simple. In our
example the horizontal projection of the thrust was 65000.
The direction of the thrust at the abutment is given by

1432
tg b=.§lf__.__f__ ; a: f is about 0.2, or tg b=0.97, and the
146 2

thrust=62000--cos. b==00600 pounds. This thrust and the
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weight per lineal foot of the abutment of 32200 pounds (eal-
culated from Figure 76) and the weight per lineal foot of the
earth above it 64000 pounds, gives a resultant of 176,000
pounds, which strikes the base 3’ from the center. The com-
ponent under right angles to the base=174,000, and the direct
compressive stress per square foot==174,000-+-20 (width of
abutment) =8700 pounds per square foot while the stresses
in the extreme points of the base are found by 174,000X 3+
8 % 20°=7900 pounds per square foot, resulting in a distri-
bution of stresses as shown in diagram in Figure 76. A
marked economy results from giving the base of the abut-
ment an inclination of about 1:4, but in order to prevent
sliding before the bridge is finished a small portion of the
base should be made horizontal.

Piers carrying an arch on each side do not need, for the
arch section alone, to be made wider than three, at the utmost
four, times the thickness of the arch at the crown and the
foundation of the piers need only to be figured for the verti-
cal loads and a moment per lineal foot width=100 %
when 1 the span in feet, f the rise of the arch and h the
height of the pier in feet.

The design of a bridge with ribbed arches is illustrated in
Figure 77, for a bridge of 250’ span and a rise of 40’.

The tables on pages 177-179 give the values of dXec¢/3, the
thrust from dead load and 1% live load for six feet width of
the bridge (it being assumed that the ribs are 6’ ¢. ¢.) and
the area for six feet width of bridge. ‘The capital letters
indicate the type of rib as given on page 168. The thrust is
found by formula on page 153, and the bridges of 200’ span
or more need only to be figured for a moving uniform load,
as this is more unfavorable than a 24-ton wagon according to
Cooper’s specifications.

In our example T=630,000, and the bending moment 375,000
foot-pounds; the moment of resistance, acecording to page
168,—17700 inch®; the area=1915 square inches; therefore
the compressive stress from thrust=630,000-+-1915=329
pounds per square inch, and the stresses in the extreme fibres
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from the bending moment=375,000X12-+-17700=255 pounds
per square inch, or a total stress of 584 pounds per square
inch. The bending moment from a change in temperature

=040X i —o4oxi(1)3°(1"2’—-1 ,000,000 inch-pounds, or the stress

K
in the extreme fibres=1,000,000~-17700=56 pounds per square
inch.

The value of d--¢/3 was obtained in the following way:

The weight of the pavement was assumed=100 pounds per
square foot, the weight of the reinforced concrete bridge
floor including columns=100 pounds per square foot, half the
live load=50 pounds, the weight of the ribs including slab
for a width of six feet—1536 pounds; hence d=1536-+}6 X250
=3036 pounds. We assume that only the rib of a clear depth
of 40” increases to a clear depth of 60” at the abutment, or
the increases of weight at the abutment=—2024=480 pounds
(omne square inch of conerete one foot long weighs one pound),
or ¢/3=160 pounds or d+¢/3=3196 pounds.

The thrust at the abutment=730,000 pounds and the result-
ant of the thrust and the weight of the earth on the base
of the abutment of a width of 6’ (=1, 400,000 pounds)—
1, 900,000 pounds and intersects the base (length of base
=40") 2’—3"” from its center. The component under right
angle to the base—1, 880,000 pounds and the moment about
the center of base=1,880,000X2.25 and this must be equal

to St)((i)(‘i_“.é_2 or the stress in the extreme edges of the base

S=2670 pounds per square foot. The direct compressive
stress=1, 880,000 : 6)X40=7850 pounds per square foot or
the combined stresses as given in diagram in Figure 77 are
10520 and 5180 pounds per square foot, respectively. If
the earth pressure is considered, the moment about the center
of the base can be found graphically=700,000 foot-pounds
per lineal foot, or the stresses in the extreme edges of the
base 2650 pounds per square foot. These stresses are in
opposite direction of those of thrust, therefore we would
have in this case a compression of 7970 pounds per square

foot on the water side and a compression of 7830 at the lamd
side of the abutment.
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The abutment does not need to be solid, and may be de-
signed similar to retaining walls with counterforts, a counter-
fort at each rib. We have yet to figure the floor construe-
tion, which carries the pavement. The columns supporting
this floor are spaced 6 c. c. in transverse direction and 10’
to 15’ in longitudinal direction. For a 12-ton wagon and a
longitudinal spacing of columns of 10°, we need No. 12
girders in both directions and a 5" slab, reinforced by 0.2
square inches per lineal foot in transverse direction and by
0.15 square inches in longitudinal direction, requiring an
average of 0.566 cubic feet of concrete and 3.39 pounds of
steel per square foot. For a spacing of columns of 15, we
need No. 16 girders in longitudinal direction, while slab and
cross girders may be the same as above, requiring 0.548 cubic
feet of concrete and 4.15 pounds of steel per square foot.

For a 24-ton wagon and a spacing of 10’ of the columns
we need No. 15 and No. 12 girders in longitudinal and trans-
verse direction, respectively, and a 5 slab, reinforced by
0.36 and 0.15 square inches of steel per lineal foot, requir-
ing 0.566 cubic feet of concrete and 4.87 pounds of steel per
square foot. For a spacing of 15" feet we can use the same
slab and cross girders, but the longitudinal girders must be
No. 25, requiring 0.566 cubic feet of concrete, 5.25 pounds
of steel per square foot.

The supporting columns have to carry an area of only
60 to 90 square feet and a load not exceeding 25000 to 30000
pounds, hence 10”, or at the utmost 12", square columns,
reinforced by four 3,” round bars, are amply strong.

The table on page 169 gives the property of arch ribs with-
out connecting slab, and the use of such ribs is of importance
where the traffic of the bridge is light, as for example in
public parks, and where the foundations for the abutments
would prove too expensive for a heavy bridge.

For an example we shall assume that we have to design
a bridge of 150’ span, 40" foot rise and a width of 12’. After
a short trial we find that two arched ribs 14"’x14”, 6’ c. ¢.,
reinforced by 1% of steel both at the top and the bottom
will answer. The bridge will have a granitoid finish, anc
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the weight of floor construction will not exceed 80 pounds
per square foot. In this case d+4¢/3=6X8046X50+14X14
+44=1080 pounds per lineal foot of rib and the thrust

=1080X% ;5040—76000 pounds and the greatest moment from

a uniform load=600X 1030 =135,000 foot-pounds. The area

of the rib==255 square inches and the moment of resistance
=711 inch? and the direct compressive stress 76000-+-255—
297 pounds and the stress in the extreme fibres from the
bending moment=135,000X12--711=228 pounds per square
inch, giving a maximum stress of 525 pounds. The ribs
should be connected by three stiffeners about 14”x14” at
each 14 point of the arch. In the entire bridge, inclusive of
floor construction, are 2000 cubic feet of concrete and 12500
pounds of steel.

Form Lumber: The amount of lumber required for the
form work of a solid arch or a ribbed arch with slab (ex-
clusive of the lumber for the reinforced concrete floor carry-
ing the pavement) varies from 4 to 6 feet B. M. per square
foot of bridge for the intrados, and from 0.1 to 0.25 feet
B. M. times the area in square feet between the intrados and
the bed of the stream or ravine, for the supports and brac-
ing, for each lineal foot of the width of the bridge.
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167

PROPERTIES OF ARCH RINGS, 12”7 WIDE AND RE-
INFORCED BY ;% AND Y,% AT TOP AND BOTTOM.

Relnforcoment 1% at Top and Relntorcomant §% at Top
] iy 1% st Mettom 4 1% ot ettom
o S 12 | ement | Memsat Nomost | Memest
Siab .: o o o o Araa
S| lmerth | Resistance Inertia Resistance
pae e |t | et | M) et | e | M
4 48 66 33. 51.6 68 34.0 66
3 60 132 53. 64.5 139 66.8 69
6 72 232 77. 74.4 249 83.0| 83
7 84 375 107. 90.3 407 116.0| 96
8 96 566 141. 103.2 621 166, 1o
9 | 108 | 814 | 181. | 116.1 900 | 200. | 124
10 120 1126 225. 129.0 1262 260. 138
11 132 1509 274. 141.9 1688 3086. 162
12 144 1972 329. 154.8 2216 370. 166
13 156 2519 387. 157.7 2841 463. 180
14 168 3161 452. 180.6 3677 BIl. 193
15 180 3906 521. 193.5 4437 691. 207
16 192 4750 594. 206.4 6404 676. 221
17 204 5713 672. 219.3 6613 770. 234
18 216 6807 760. 232.2 7782 866. 248
19 28 8019 845. 245.1 9179 966. 262
2 240 | 9380 | 938. | 258. || 10760 | 1076. | 276
21 252 | 10881 | 1040. | 270.9 || 12601 | 1190. | 290
22 264 | 12530 | 1140. 283.8 14410 1310. 304
23 276 | 14337 | 1240. 295.7 16697 1440. 317
21 288 | 16204 | 1350. | 309.6 || 18684 | 1640, | 331
2% 300 | 18350 | 1470. | 322.5 || 21076 | 1690. | 345
26 312 | 20676 | 1590. 335.4 || 23778 1820. 368
27 324 | 23183 | 1720. 348.3 26683 1980. 372
30 | 360 | 31920 | 2120. | 387.0 || 36840 | 2460. | 414

Up to 23” it was assumed that the center of reinforcement
is 114" from each face and 114" for the thicker slabs.
The area, moment of inertia and moment of resistance of
the composite section was found by assuming E steel : E con-

crete=15,
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PROPERTIES OF ARCH RIBS WITH OCONNECTING
SLAB, FOR A WIDTH OF S8IX FEET.

Moment [ ]
Detonstions n Figares | Measl | \rpy g | Anaol | Mok re

belew most | pain |isclodieg| jeertia | Resistance

e at Bothom 15 times - n

ri es| | 1.
[} w t % | goctisn oy vy 1k ®

A 36| 20 5 7.5 | 980 | 1206 178 8.6
B 42| 24 6 7.5 | 1296 | 1621 298 12.0
C 421 24 6 | 10 1296 | 1696 324 13.0
D 48 1 24 8 8.75] 1536 | 1798 461 16.9
E 48 24 8 10 1536 | 1838 478 16.56
F 48 | 24 8 | 12.5 | 1956 | 1916 613 17.7
G 48 | 24 8 | 15 1536 | 1986 648 18.9
H 54| 30 8 12.5 | 1956 | 2331 766 24.7
i 54| 30 8 15 1956 | 2408 809 26.1
J 60 | 30 8 |15 2136 | 2686 1089 31.2
K 60| 30 8 | 17.5 | 2136 | 2661 1123 33.0
L 70| 30 8 |20 2436 | 3036 1761 46.2
M+ 70| 30 10 | 16 29040 | 3390 | 2076 69.0
N# 80| 30 10 | 15 3240 | 3690 | 2901 72.9
O* 80| 30 10 | 20 3240 | 3840 3096 71.2
P+ 80| 30 10 | 25 3240 | 3990 | 3286 82.1
Q* 80| 30 15 | 30 3660 | 4560 | 3804 96.0
R#* 90| 30 15 | 25 3960 | 4710 | 4871 | 108.0
S+ 100| 30 15 | 50 4660 | 6180 7970 | 159.4
T# | 120 40 15 | 50 5760 | 7260 | 13160 | 219.0
U# 140} 40 15 | 50 6560 | 8060 | 19600 | 279.0

*Denotes that the section is as Figure No. 79.

72" —
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PROPERTIES OF ARCH RIBS WITHOUT CONNECTING

SLABS.
| Am Roisforcoment 1% Top sad Relwforcement 13% Top and
w o 1% Bottom 1% Betiom
bt | Mo Momsst | Memest Momest | Memest
o | Sactim | TRy ] M o o | e
B | Swars | pota | Resistancs Inertia
ckes | daches | gt | B | SEMEE ] gt | Ty | Seheae
Sx 8 64 461 115 83 621 130 93
8x12 96 1732 289 125 2022 337 139
10x10 | 100 1100 220 130 1233 2468 | 146
10x12 | 120 2169 361 156 2630 422 174
10x16| 160 5430 680 208 6460 807 | 232
12x12| 144 | 2603 435 187 3038 506 | 209
12x16 | 192 6516 815 250 7736 972 | 2718
12x20 | 240 | 13200{ 1320 | 312 16800 1680 | 348
12x24 | 288 | 23374 1940 375 28124 2348 ( 418
14x14 | 196 4980 711 255 6870 839 | 283
14x20 | 280 | 15410 1541 364 18460 1846 | 406
14x24 | 336 | 27300 2280 436 32900| 2760 | 487
16x16| 256 | 8690] 1085 | 333 10300| 1290 [ 372
16x24 | 384 | 31100 2590 500 36400| 3030 | 667
16x30 | 480 | 62200| 4150 624 76300 6020 | 696
16x36 | 576 | 109300 6070 749 || 132800 7390 | 830
20x20| 400 | 21970 2197 520 26300 2630 | 580
20x24 | 480 | 39000 3250 624 47000| 3920 | 696
20x30| 600 [ 77800| 5200 780 94100 6290 | 870
20x36 | 720 | 133000| 7400 936 160700| 8900 | 1044
20x42 | 840 | 214400( 10200 | 1092 269900 12400 | 1218
24x24 | 576 | 44820 3730 749 63410 4360 | 830
24x30| 720 5 6030 | 936 || 108760| 7210 | 1044
24x36 | 864 | 159800 8840 | 1120 193000| 10760 | 1260
24x42 | 1008 | 256100| 12200 | 1311 || 310100 14800 | 1461
30x36 | 1080 | 199000 11050 | 1400 240600( 13400 | 1666
30x48 | 1440 | 485000 20200 | 1870 || 690000| 24600 | 2088
30x60 | 1800 | 963000| 32100 | 2340 |J1174500| 39100 | 2610

In the ribs up to 20”x30” the distance of the center of re
in the ribs be

inforcement to ®ach face was assumed=1%";

low that, 2”.
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DESIGN OF SOLID ARCH BRIDGES.

N RISE IN FEET
30 3|4 |5 |6 |78 [10]12']15
[ S e SRR .75 1.66 | .45 |.375] .32 |.281].225|.188] .15
T oo . Ft Wk moo‘ 7650 6950/ 8100| 6460| 5060 4660, 4000 3660
i'::'_o"'“" f.wes 900 900, 900/ 900, 900/ 900, 900 900 900
ll—u“ Uertwe 3750, 2800 22501 1880 1610 1 11200 9300 750
Mfrom 12 Toa Wagee.| 2140) 2140| 21401 2140| 21401 2140 2140 2140 2140
T from 12 Toa Wagaa..| 2000| 1500{ 1200{ 1000y 857| 750 600 5000 400
M from 24 Toa Wagea..| 42801 4280 4 42801 42801 4280 4280 42801 4280
T from 24 Toa Wagea.| 4000 3000f 2: 20001 1714 15001 12001 1000, 800
gfrumuu 4 Iy 4"
Fori2toaWagea| 6” 8” 6”
Fumnlm 7" 7" 7"
|4 |5 |6 |7 |8 |9 |10]12]15
|-=—l ................. D75 .46 | .383].330(.288].256] .230| .192| .154
T per Li. L. Widh.. 1 8000(12500/1 1000| 9960/ 9100| 8450/ 7920/ 7190, 8400
ﬁum F.wien| 1600| 1800| 1600] 1600 1600 1600| 1600 1600/ 1600
l.%wum.n 50001 4000 3330 2850, 2500 2220/ 2000{ 1680 1330
M from 12 Tea Wagea.| 28501 28501 2850 2850] 28501 28501 2850 2850 2850
T from 12 Ton Wagm.| 2000 1600| 1330] 11401 1000| 890 800 667 533
M from 24 Toa Wagea.| 57001 57001 5700/ 57000 5700 5700 57001 5700 5700
T from 24 Ton Wagea.| 40000 3200 2660 2280 2000 1780 1600) 1334 1066
£ {For Gall. Losd.| 6" " 5”
S {fui2toaWam 7" 6" 6”
% (Fur2taaWagn] 9" 8" 8”
50' | 5' |e |7 |8 |9 |10]12"| 15| 20
e .416| .357(.3125] .279| .25 | .208] .167| .125
1 e L 7t Wids.|20900/1 8200]1 6400]1 5000] 13800130001 1700{10400] 8150
mnu;nm 2500 2500/ 2500 2600] 2600 2600| 2600 2600, 2600
12 -
Ilwmm.ﬂ.ll. 6250 5200 4450 3900 3460 31201 2 2080 156
M from 12 Ton Wagea. | 37601 3760 3760| 3760 37 37601 3760
T from 12 Toa Wagen.. 1670 1430 1250 1110} 1 5 666 500
M from 24 Toa Wagen.. 76200 7520 7520 75201 752 752 75200 7520
T from 24 Toa Wagen., 3340 2860 2500 2220 1332 1000
ggf For Unif, Load., 7" 6"
fori2taal 7 7
( For24tonW, 9” 9"
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RISE 1N FEET
6' [ 7| 8 |9 |10 ]12'|15"] 20’ | 25
46 | 392 315 |.305 | 275 | .230 | .183 [ 1375 110
.. 28200126 100/23700/2 1300,20000|1 7900| 6800| 13700, 12600
3600, 3600 3600] 3600 3600/ 3600, 3600
2
m——'sfuum.n 9000| 6400/ 5600 4500| 3750 3000
M from 12 Toa Wagse.| 50200 50200 5020} 5020] 5020] 5020| 5020
T trom 12 Ton Wapa.| 2240| 1920| 1680 1500 1350 1120 895|
M from 24 Ton Wagee.|100-40{100-40(10040{10040{10040{10040/10040
T trom 24 Toa Wapea.| 44801 3840 3360 3000] 2700 2240 1790
25 (ForWnit. Lesd.| 8" 8”
Z ! frizamam 9" - 9"
® (For24toaWagen| 12" "n”

700 |7 |8 |9 [10] 117[ 127 15| 20| 30’
— i, 40 |35 | 311 2331.187(.140].093
T por Lia. Ft Width...;346003 1600,29200| 4500{2 170018800 16800
l'::o"' L. 't Wieth| 4900| 4900| 4900{ 4900| 4900| 4900| 4900 4900 4900
-, ,nmnu 8800 7700 6800 5100 4100 3070 2050
¥ from 12 Toa Wagna.| 6300| 6300 3300 6300 6300 6300
T from 12 Ton Wage.| 2400| 2100| 1870 1030 1400 1120 560
¥ from 24 Ton Wagnn..{12600(12600(12600 12600/12600/12600{12600
T trom 24 Toa Wogmn.| 4800 4200 3740 2800| 2240 1680 1120
2% (For vail. Lead.| 10” 9” 8"
g { For12teaWagen) 11” 10” 9"

® { For24teaW 13” 12" 12"

80' 8’ | 9 |10'| 117 12'| 13| 15| 20’ | 30’
P 388 1.344 |.310 | 281 |.258 |.2391.207 | .156 | .104
T ll’ Lin. Ft. Width... 4450:]40900 38100.36800/34000 32400i29800 2680021600
Wmn.m 8400{ 6400 6400 6400 6400| 6400| 6400,

"'_"'sf Lia. FLW4[10000 8900 7250 6670 6150 5330
¥ trom 12 Toa Wagea.| 7700} 7700| 7700 7700| 7700 7700 7700
T from 12 Toa Wagm.| 2560 2280| 2050 1860 1710 1580 1370)
¥ trom 24 Toa Wagsa_|15400{15400{15400{15400{15400{15400{15400
T trom 24 Ton Wagm.| 5120| 4560 4100 37201 3420| 3160 2740

{ For nit. Load.{ 11”7 10”

{ Fort2taaWageel 12" "

® { For24teaW 16” 14
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STRESSES IN SOLID ARCH BRIDGES.

Span i Fost Valiorm Load and 12 Ton Wagss 2 Toa Wagm
Bending Theust for a Rise in Fest Bending | Thrust for a Riss In Foet
! Moment MNoment
%0 feotlhs.| 9’ | 15’ | 30’ (feetlbs.| 9’ |15’ | 30
810053500 38700 | 27800 | 17800 | 53000 (3840027700
Thickness at Croma 13” 12 1] 16 18| 14
Comprassive Stress. .| 207 235 184 240| 186 144
Stress from Boed'e. M 214| 263| 318 315| 362 420
Tomporaturs Struss...| 53 32 15 70| 40] 19
100’ 10’ | 20’ | 35’ 10’ | 20' | 35’
10000 | 63400 | 42100 | 33000 | 20400 | 62600 (41700{32800
Thickness at Croma... 16” 13 12 17 18| 15
Comprassive Stress.... 307 234 200 267 189 159
Strassirom Bend'g. M. 203| 265| 325 318| 360, 413
Tomperature Stress. .. 59 25 14 67| 321 17
110 10’ | 20" | 35’ 10’ | 20' | 35
12100 | 78000 [ 51900 | 40300 | 23000 | 76500 |51200{39400
Thickness at Crown... 17” 16 13 19 17 16
Compressive Stress. .. 333 250| 225 293| 2201 178
Stress from Bond'g. M. 187 245| 320 287| 358 407
Tomperatere Stress... 67 30 14 76 34 - 18
120 10’ | 20’ | 35 10’ | 20’ | 35
14400 {100000] 65000 | 50000 | 26000 | 98000 (6400049000
Thickness at Crows... 19” 18 17 21 20 18
Comprassive Strass... 383| 262| 214 338| 233 198
Stressfrom Boad'g. M. 1791 200 225 263| 291 361
Tomperature Strass... 75 36 20 83 40 21
130' 13’ | 25’ | 40’ 13’ | 25' | 40’
16900 |103000| 70000 | 57100 | 28200
Thickness st Crowa. .. 20" ( , 19 18
Compressive Strass.... 375 268 230
Stress from Bend'g. M. 189 210 235
Tomperaturs Strass... 57 31 18

The stresses are in pounds per square inch.
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St | Sellorm Load and 12 Ton Wagm 4 Toa Wagm

. |.=. Thrust for a Riss In Fest :-a. Thrust for a Riss lu Feet
ot at

140" | St 047 | 25’ | 40’ |reem [ 14’ |25 | 40’
19600 116000| 85700 | 67000 | 31100 [11400084100166000
Thickness at Crom... 22" 20 20 24 23 21
Compressive Stress... 382| 311| 243 345| 206 227
Strass from Bood'g M. 180| 218 218 237| 260 314
Tomperature Stress. .. 63 32 20 68 37 21
150' 15’ | 25’ | 40’ 15’ | 25’ | 40
T [22500[102000] 61700 | 38350 | 33500 | 97000 [58300[36200
Thickness at Crowa... 22" 19 18 24 20 19
Compressive Stress. .. 335 236| 156 292 191] 138
Struss from Baad'g M. 206| 280| 315 255| 307 415
Tomperatare Stress... 58 30 18 63] 26/ 19
160 16’ | 25’ | 40’ 16’ | 25’ | 40
N 25600 |116000| 74000 | 46700 | 36500 [11000070000{44100
Thickness ot Crowa. .. 23" 20 19 26 22 20
Comprassiva Strass... 365| 268] 179 320| 231 160
Stressfrom Boad'g M. 213| 286| 319 256| 335 406
Tomperatere Stress. .. 57 32 19 59 35 20
170 17’ | 30’ | 45’ 17’ | 30’ | 45’
| 28900 [130000| 73500 | 49000 | 39000 |12300077000046500
Thickness at Crow. .. 24" 21 20 28| 22 21
Compressive Stress,.. 303| o254| 177 343| 231 160
Strassfrom Boad'g. M., 1981 291 323 253| 357 393
Tmporatera Strass... 50| 28| 18 61| 29 19
180' 18’ | 30’ | 45’ 18’ | 30’ | 45’
324001143000/ 86000 | 57600 | 42000[1350008150054500
Thickness st Cromn... 27 22 21 30 24 22
Camprassiva Stress... 385| 284| 199 326 2468 180
Sressrom Bood'e M., 194 296| 326 203| 824 38
Tomporsturs Stress... 53 29 19 66| 3 2

The stresses are in pounds per square inch.
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GIRDER BRIDGES.

Reinforced concrete girder bridges are, as a rule, cheaper
then arched bridges for the spans given in table on page 187.

We assume that the girders are six feet center to center.
The thickness of the floor slab is governed by the requirement
of the necessary flange area for the girders.

We gave in the first three lines of the table the equivalent
uniform load which produces the same moment as a 20-ton
steam roller, a 24-ton and 12-ton wagon, and as can be seen a
20-ton roller is more unfavorable than a 24-ton wagon. For
the larger spans this equivalent load is not much greater than
600 pounds, which is the load from a crowd of people per
lineal foot of 6" width.

All the dimensions are clearly given in the table. The longi-
tudinal reinforcement of the slab was assumed 4%, in order
to prevent cracks.

By connecting the main girders by one or two stiffening
girders, the load is distributed over practically all girders in
the bridge, and we can safely figure a capacity of the bridge
from 25 to 40% greater than given in the table. These
sliffening girders should be only a few inches less in depth than
the main girders, 8" to 12" wide, and reinforced by 14 % at
top and at the bottom.

The abutments can be made similar to the retaining walls
given in pages 112-117, with the difference that the heel does
not need to be as wxde, on account of the additional weight of
the bridge,on_the base, and that pilasters must be provided to
offer a bearing to the bridge girders. This bearing should not
be less than 12" deep, and be better 18 to 24" deep in the
larger spans.

The sidewalks are generally in cantilever of a length of 2°-6"
to 3°-0".

If the bridge girders are continuous, a reduction of about 20
to 25% can be made for the moment in the center, but the top
of the beams must be heavily reinforced over the supports for
the negative moments.
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FRAMED STRUCTURES.

The monolithic character of reinforced concrete construction

ites the various members of construction to such an extent

t the deflection in one member affects the deflection in a
ore or less degree in all other members.

The stresses become indeterminate, and can only be exactly
ound in the simplest cases.
¢ Figure 81 represents a girder of the span 1 and the moment
'of inertia Ty, connected to two uprights of the height h and
the moment of inertia I, and loaded by a uniform load p per
lineal foot. Figure 82 represents the same structure, with no
load on the girder, but affected by a triangular load, such as
earth pressure, at the supports. Figure 83 represents the same
structure acted upon by wind pressure on one side only.

Let n = i X1 then by the theory of least work, the stati-

cally indeterminate value of Ma and T for uniform load and a
concentrated load P in the center are given for Figure 81 by
the formulae: -
pl?_1 Pl 1
= 8h 1+ 4u| for uni- T=+o5 “h 1 +12n | foraconcen-
plz_1 form load ,, Pl 1 trated load
Ma =-‘" b _1 F %n

T=Exix i i 1;0:’

T T 1+ 4fn
Ma._Ex,‘ghx——-sl_*_‘}n

for Figure 83, when p the pressure per lineal foot of support,
the indeterminate values can be found by the equations,

.

for Figure 82, when E=_P h2

Th (14 3n)— MT" (141) +L%(1+n)=§ph’ (14+34n)

_TT“(1+n)+%§ (1+3n)_.1%l>= —4ph? (14+4n)
T (1my—Me g M1t sn)= ppi (1+10)

—
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Figure 84 represents a roof girder of the moment of inertia of
11, supported by two columns.

The indeterminate values of T and Ma can be found by
soln‘hg the equaﬁons, :

—Ma(l+§ +n Th(1+ +2¢ +§)

+45 B
+ Ma (1+9n)—Th a+ gl hl +n)=— P‘ when n= :‘ _II_

12

Xecos. k.
Figure 85 represents a parabolic roof girder on two sunports.
T and Ma may be found by solving,
2
ThO DL + 420 4 go)—Ma (14880 4= B4+ 2L

Ma (1+420)—Th (1+§ hl +n)=— T;‘)‘

The case represented by Figures 81 and 82 is encountered in
all culverts and also in girder bridges, when the girders are
monolithically connected with the abutments.

As an example we shall figure the shed construction as shown
in Figure 86.

ha=14.75, h=28.", 1=80', =18 x_""_, I=18x6°s
and ML =051, n=o0. 1095, and the two equations are

—Ma(140.255+0.1095) +Th(1+0.255+0.0867+-0.0735)=
pl?
B (140319)

©°

Ma (140.2190)—Th(140.25540.1095)= —_ P1*

12
or Ma==0.0175p]* and Th=0.0738pl*.
p, we assume=2000 pounds per lineal foot, and pl*=12,800,000
and Ma=224,000 foot-pounds and Th=945,000 foot-pounds, or
the moment at C=945,000—224,000—=721,000 foot-pounds.
2000x802

The moment at the center of the roof girder— 8

224000— (h +h1)=396000 foot-pounds,

945000
h
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The wind stresses can be found, approximately, by using the
equations given for Figure 83, which become in this case,
1.073 Th—0.55475 Ma+-0.55475 Mb=0.800175 ph?
0.55475 Th+4-0.4428 Ma—0.16667 Mb=—=—0.35158 ph*
0.55475 T' —0.16667 Ma+40.4428 Mb=0.471417 ph*
or Th=—0.797 ph*, Ma=0.269 ph*, Mb=0.164 ph?.
Assuming the ribs to be 16’ c.c, and the wind pressure=—20
pounds per square foot, p=320 and ph>=253,000.
© or Th=202,000 foot-pounds, Ma=—68000 foot-pounds, Mb=
41500 foot-pounds.

The thrust at the point B—ph—0.797 ph=0.203 ph=1800
pounds.

This moment Ma and thrust T have the tendency to diminish
the stresses on the wind side, while the stresses at the lee side
are increased.

The greatest moment at the base is at B—=224,000}41500=
265,500 foot-pounds, and the greatest moment at C=721,000—

202,000+ 68000320 X %’.’:712,000 foot-pounds, while at F

the moment="721,000-4-1800 X 28—41500=730,000 foot-pounds.

The rib at F is 18" wide and 65" deep, or the coefficient=
730000
square inches of steel. If the slab in the center of roof is
omitted for the purpose of a lantern, we have to place in the
center of the roof girder ten square inches of reinforcement,
otherwise six square inches will suffice.

At the base the rib is 50" wide, and we have to place 4.5
pquare inches of reinforcement at the inside face of the rib.

The footing of the ribs must be designed to take up the
moment of 265,500 foot-pounds and the vertical load from the
structure. Only compressive stresses can be produced on the
ground and the vertical load must be large enough to prevent
liding of the base from the thrust action. The vertical load
it the base = 2000 X 82.8 + weight of reinforced concrete wall
5" thick) between the ribs and the weight of footing and dirt
L)ove it =137,000 pounds.

=1.15, corresponding to a percentage of 1.06, or 12.5
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Assuming the footing to be 6 wide and 12’ long (in trans-
verse direction of the shed), we have 265,500:8(5x1_2_2 or the
compressive stresses at the edges S—1840 pounds pfr square
foot and the direct compressive stresses— 137000__ 1995 pounds

6x12
per square foot, or 3745 and 65 pounds are the compressive

stresses at the edges of the base.

For another example we will assume a culvert of 8
span’ and a height of 8'; floor and wall we assume of
the same thickness, and as span and height are the same
n=1l  For a uniform load of 1000 pounds per square foot

T=1000X% 82 1 _g67 pounds per lineal foot, and
8x81 43

82 1
Ma=1000X — _——_ =1780 feot-pounds, or the moment
2143 pomnes
at C=—=667X8+41780——3553 foot-pounds, and in the center
of the span at Dzlooox%"’ —3553==4447 foot-pounds.
Assuming the earth pressure =360 pounds per lineal foot,

T=360X ¢ x .lii:i.—l}::276 pounds per lineal foot, and

Ma=360X & x 8 } mak 1) =610 foot-pounds,,

the moment at C=—276X8+4610—360X5—=—3398 foot-
pounds approximately, and moment at D=3398 foot-pounds;
hence the maximum moment at C=—3553—3398——6951
foot-pounds.

The favorable influence of the earth pressure at D should!
not be taken as the full 3398 foot-pounds, but 1% of it is
certainly safe; and the moment at D=—3447—1694=2753
foot-pounds. Assuming a thickness of wall and slab of 9
the reinforcement at D should be 4% and at C=%%. !
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. REINFORCED CONCRETE CHIMNEYS.

The wind pressure assumed in the ecalculation of the
chimneys in the tables=—30 pounds per square foot of pro-
jected area of the chimney, which is equivalent to about 50
pounds per square foot on a flat surface. Let d=the out-
side diameter in feet and H=the height of the chimney in
feet the moment about the base of the clumney—-l5 (@5
foot-pounds.

The moment of resistance of a ring section, reinforced
by p per cent of steel is very closely—

3414 D2t(1-—3—) 8. ‘4 Dptx15=

3.14 S ) sk

314 pay§igt *h3
ry g D + lap§ in inch3,

when D outside diameter in inches,
and t thickness of ring in inches.

The stresses from the bending moment plus the direct com-
pressive stresses from the weight of the chimney should not
exceed 500 pounds per square inch. We assumed that the
concrete does not take up any tensile stresses, and that the
steel must take care of all tensile stresses.

The size of the footing is governed by the condition that
there should exist only compressive stresses on the base (or
as it is commonly said, that the resultant of weight and wind
pressure intersects the base within the middle third, and to
iccomplish this it is necessary to place the footing at certain
lepth below the ground in order to obtain the benefit of
he weight of the fill above the base. The lower portion
f the chimney is generally provided with an inside shell
£ concrete, brick or fire-brick, 4” thick, and an air space
f 4” is provided between the two shells. This is the reason
7hy the lower shell has an inside diameter 16"’ larger than
he upper shell. We assumed the height of the inner shell
D’ for chimneys 5 in diameter, 50’ for chimneys 6’ in
iameter, and 60’ for all other chimneys.
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REINFORCED CONCRETE CHIMNEYS.

loside Diomotar ........... | 51-Q"
Beight b font........... | 80 | 90 | 100| 110 | 120 130
-Thickaess of lewer shell...... 8” 8 8 8 8 8
mmmolnu shell....... 6" 6 [ ) ) 6
o RS Cpotem. 75.(1.0 [1.2 |1.4 [1.6 |2
R 7y "gr.. ,,,,,, 35| 35| 35| 50] 75| 95
Neight of Mizim. Reinforce-
b ] 44 | 44 | 44 | 44 | 44 | 44
Sideol Fostimg—Foet........| 15’ | 18 | 18 | 20 | 20 | 22
mumu—m 30" 32 M4 37 40 41
................................ 5 | 4 |46 |50 56|56
Ioﬂ Stosl—Pomnds ... 5600 | 7090 | 8470 | 11480 | 13800 | 16280
Total Concrete—Cubic fost 1270 | 1690 | 1740 | 2080 | 2230 | 2610
6!_0!
100 | 110| 120 | 130 | 140 | 150
Thickness of lower shell ... | 8 8 8 8 8 8 10
Thicknaess of upper shell...... 6 6 6 [ 6 6 6
"'m:'_.n';gm.. .75 [1.00 [1.20 | 1.40 [1.60 |2.00 | 1.50
Lower Shell  (Top.... .35 .35 .40 .50 .80 .80 .95
L of Mizimem Reinforcs-
et v d 50 | 50 | 50 | 50 [ 50 | 50 | 50
:uum-tlu—nn ......... 17 | 18 {2 | 20| 2| 24| 2
Nopth of Fosting—laches....| 3 38 | 39 | 43 | 44 | 45 | 48
................................ 46 |50|50|66|60]| 56| 60
Total Steol—Pomnds........... 7330 | 8930 | 11060 1302016030 | 19200 | 21000
Total Concrate—Cubic foet...| 1730 | 1986 | 2120 | 2600 | 2806 | 3140 | 3600
Inside Diometer ............. 7'-0"
Midtiafet................. 100 | 110 | 120 | 130 | 140 | 150 | 160
Thickness of lower sholl ... 8 8 8 8 8 10 10
Thickness of upper shell...... [ (] ) ) 6 6 6
Porcantags of | _3..«.- 75 |1.20 |1.25 |1.40 |1.70 [1.25 | 1.7
Lower Saell .. {Tep .| 351 .85 .40 .60 .75 .75 Kl
Neight of Mizimem Reizforce-|
mest is Ugper Shodt ..., 52 | 52 | 52 | 52 | 52 | 52 | 52
Side of Fortieg—Foet....... 20 | 20 | 22 | 24 | 24 | 25 | 2%
Dthol Foetig—taches...| 38 | 41 | 43 | 45 | 48 | 50 | 53
................................ 50 | 66 [ 60| 50| 66| 60 | 60
Total Staot—Pouets .......... 9120 | 12440 14380 | 16600 | 20150 | 21620 | 27000 |
otal Concrots—Cubic fost..| 2300 | 2660 2960 | 3260 | 3418 4070 | 4450 ‘
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REINFORCED CONCRETE CHIMNEYS.
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lnside Biameter .. 8!_0l
Noight In fost................. 110 | 120 130 | 140 | 150 | 160
. Thickness of lower shell ... 8” 8 8 8 10 10
Thickness of upper shell...... 6" 6 6 6 6 6
mm».. 1.00 (1.1 |13 |1.5 |1.25]1.50
Lowershell (1| .35 | 35| 45| 70| 65| .75
t of Mizim. Reiafercs.
et 59 | 59 | 50 | 59 | 59 | 50
Sido of Footing—Fet......... 200 | 22 | 24 | 24 | 25 | 26
Dogth of Fosting—inches. 43" | 44 46 50 52 54
| 56! 56 50| 60|56 | 66
Total Stesl—Pomnds..........| 12820 (14440 (168560 {20180 | 26850 | 30250
Total Concrote—Cubic fast...| 2810 | 3160 | 3626 | 3780 | 47856 | 65126
Inside Damster .............| 9'-0O"
Meightinfest ... 120 | 130 | 140| 150 | 160 | 170 | 180
Thickness of lower shell ... 8” 8 8 8 ! 10 10 10
Thickness of upper shell...... 6" 6 6 6 6 6 6
"‘,",,:g,:nl;gm.. 1.0 |11 |1.40 [20 |12 [15 |20
. 35| 55| 65| .60 | .80 | .95
62 | 62 | 62 | 62 | 62 | 62
24 | 25 | 2 | 27 | 28 | 28
48 | 50 | 52 | 55 | 57 | 6l
66)|60]|66|66]60]70
.....;| 4830 |16760 {20630 | 26820 |26700 , 30570 | 36600
.| 3416 | 3820 | 41456 | 4490 | 6260 ' 5636 | 6000
10l~_0l
130 | 140 | 150 | 160 | 170 | 180 | 190
8” 8 8 10 10 10 10
6” 6 6 (-] 6 ) 6
1. {1.20 |1.40 [1.1 |1.20 |1.5 | 2.0
35| 45| 60| .60 | .70 | .80 | .90
iximem Reizfercs-
o 2 e he 67 | 67 | 67 | 67 | 67 | 67 | 67
2 | 27 | 28 | 29 | 30
540 | 57 | 60 | 62 | 64
60| 6060|6670
23860 | 27200 | 30160 | 33450 | 40860
4826 | 5800 | 6176 | 66256 | 6976
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REINFORCED CONCRETE CHIMNEYS.

tside Blemeter............... 11'-0"
Neightinfost................. 140 | 150 | 160 | 170 | 180 | 190 | 200
Thickaess of lower sholl...... 8” 8 8 10 10 10 12
Thickaess of -'uu shell...... 6" 6 66 . 6 184 % 6
Porcontage of Re-(porieq | 1.0 | 1.2 | 1. 1 . 1. 1.4
v shell "3: 40| 50| 65| 65| .75 80| .75
R e b Sl B Wl ||| B s
:u- of Fosting—Foet......... f;; ‘5’6 2; 28 2£2) 2 31
Uopth of Fosting—inches....| 02 5 | 5 60 6 67
Toeereererenenennensenteaeanas 546"|7-0 |70 ]6-0 |66 |6-6 6 -6
Total Steo—Poands......... | 20650 | 24260 | 33350 | 29950 | 36450 | 43900 | 40250
Tetal Concrate—Cubic fost...| 4726 | 6175 | 8676 | 6450 | 6928 | 7350 (8126
luside Diameter 12'-0"
Beight lafoet.................. 150 | 160 | 170 | 180 | 190 | 200 | 225
Thickness of lower shell...... 8” 8 8 i0 10 10 11
Thickness of apper shell...... [ 82 282 6 1% 26 8
Percentags of botem.| 1.1 1. . 1.1 . . .9
Ireones ¥ 3 ™| 45| 60| .55 65| 75| 90 | .9
Nkt ot Wik, Melteee e | 76 | 76 | 76 | 76 | 76 | 90
Side of Fosting—Foet......... 27" | 28 29 | 30 31 32 33
Bopth of Footing—laches...| 57" | 60 62 65 67 69 77
rm ........................... 6’6" |66 [6-6 |66 |66 |66 |60
Total Steet—Pomnds......... 24400 | 27700 | 37450 | 34650 | 40800 | 48400 | 64000
Iotal Concrate—Cakic foet...| 5650 | 6100 | 8575 | 7626 | 8050 | 8600 | 11400
laside Biameter............... 13'-0O"
[ | 160 | 170 | 180 | 190 | 200 | 225 |
Thickness of lower shell...... 8” 8 10 10 10 16
Thickness of mpper shell...... 6” 6 [] 6 6 8
h?xu-%l:%m,, 1.2 | 1.8 | 1.0 | 1.25 ] 1.50 | 1.00
thy 55| .65 | .60 | .75 | .80 | .85
80 | 80 | 80 | 80 | 94
29 | 30 | 31 | 32 | 34
65 | 68 | 71 | 74 | 80
76 |7-0(7-06-6|6-0
T Stael—Poasts........... 28900 | 36900 [ 35260 | 40760 | 45800 | 65800
stal Cescrate—Cabic feet...| 6660 | 7000 | 8075 | 8625 9200 | 13100
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REINFORCED CONCRETE CHIMNEYS.

laside Diameter............... 14'-0"

Neightinfost.............. 170 180 190 | 200 | 225 ‘250
10 10 12 16
6 8 8 | 10

1.0 | 1.25 | 1.40 | 1.65
.65 .75 | 1.00 .85

98 | 115
31 | 82 | 34 | 8
72 | 73 | 80 | “8F

76 |76 |76 | 5-6
41700 | 47400 | 67700 | 104700
9100 | 9650 | 12200 | 17360

15'-0"
bogthfet........... 180 | 190 | 200 | 225 | 250 | 275
Thickness of fower shell...... 8” 10 10 i2 15 18
Thickness of upper shell...... [ 6 (] 18 10 12
botom.| 1.8 .90 1.0 .25 | 1.2 | 1.60
ower saed "gr».._._ 6 | 60 | 6 | 8 | .70 | 1.00
T b el | 88 106 | 120 | 137
Side of Festing—Feet......... 30° 32 33 34 35 37
Bosth of Fosting—tnches....| /07 72 74 81 89 96
| FURN 80" |70 |70 |76 |76 | 5-0
Total Steet—Pounds........... 43960 | 42000 | 46600 | 62900 | 77900 | 140100

Total Concrete—Cabic fest..| 8276 | 9600 | 10200 | 12800 | 16960 | 23260

s Biometr............ 16-0"
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REINFORCED CONCRETE CHIMNEYS.

18'-0" B
275 | 300
18 18
12 12
Porcoatagn of ""2"'"“ 1.20 | 1.7 | 1.00 | 1.80
.80 .35 .90
14 190 190
T 36 36 40
Degth of Foollag—iaches..... 96 100 | 104
| ST 8'—6" | 7 60 | 90
Total Stool—Pounds........... 67600 | 110600 | 122000 | 172800
Total Coscrote—Cubic fost | 14700 | 199650 | 25800 29400
[—— 20'-0" o
bt .............. | 225 | 250 | 275 | 300 | 350
Thickness of Jower sholl...... 10” 12 16 18 24
Thickness of wpper sholl...... 8” 10 10 12 16
Pninwd ‘gm 1.20 | 1.20 | 1.20 | 1.20 | 1.00
lower shell Top... .60 .70 1.00 .85 40
'm"u': Do 100 | 154 | 154 | 190 »
Side of Footiag—Foet......... 36’ 37 38 40 45
Dosth of Footing—lnches...| 87 96 100 108 114
Teeeceesesssssesnenssnens 76" | 66 6-6 6-0 6-0
Total Stool—Pomnds........... 74400 | 106200 | 1355600 | 153300 | 185200
Tetal Concrate—Cablc fost..| 16200 | 21800| 25150| 29960| 37800

*The thickness of the upper shell is reduced in two steps

to 6”.
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The tables gives the thickness of the lower and upper
shell in inches, the percentage of longitudinal reinforcement
at the base and at the top of lower shell, which top reinforce-
ment should extend into the upper shell. As minimum longi-
tudinal reinforcement we assumed 0.35%, and the figures in
the sixth line give the height from the top of the chimney
down to which this minimum reinforcement may be used.
The side of the square footing and its depth at the center -
is given in the next two lines, and the depth of the footing
below the ground is given in the next line. The sectional
area of the bottom reinforcement in the footing is given by
0.015 times the side of footing in feet by depth of footing in
inches; part of which reinforcement may be obtained by
‘bending the steel rods from the lower shell into the lower
part of the footing. The reinforcement in the upper portion
of the footing may be assumed as half that of the lower
reinforcement. The volume of the concrete in cubic feet in
the footings is approximately=1/20 times square of side in
feet times depth in inches. The quantities of concrete and
steel in the entire chimney are given in the last two lines.
The concrete mixture in the footings should be 1:6, in the
shells of the chimney 1:5. A wet mixture of concrete and
small gravel, rather than crushed rock, should be used for the
shells.

For example: A chimney 13’ 0” inside diameter and 180’
high, has a lower shell of 10" thickness and an upper shell
of 6 thickness. The reinforcement at the bottom of the
lower shell is 1%, or 10”X12”X1}3=1.2 square inches per
lineal foot circumference, or 1” round bars 7%’ ¢. c. The
reinforcement at the top of the lower shell is 0.6%, or 0.72
square inches per lineal foot, or 1” rods 13” c. c¢. This latter
reinforcement projects into the upper shell. The reinforce-

ment at the top of the upper shell=0.35%==6X12 %:0.25

square inches or %" round bars 14" ¢. ¢. This minimum re-
inforcement may be adopted for a height of 80" feet down,
and then must be gradually increased till it reaches the
value of 0.72 square inches at the junction of both shells
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The lap of the rods should not be less than 50 diameters,
and they should be staggered. The base is 30’ square and
68" deep at the center and can be made 12” deep at the
edges. The reinforcement in each of the two main directions
=0.015X 30X 68=30.5 square inches, or about thirty-nine 1"
round bars in each direction. The base of the footing must
be 7' below the ground, and in the entire chimney are 8075
cubic feet of concrete and 35250 pounds of steel.

The circular reinforcement of the chimneys was assumed
=%%, or 0.24 and 0.18 square inches per lineal foot in the
8 and 6" shells, respectively.

The compression per square foot on the ground was
assumed less than twice of the weight of dirt above the
bottom of the base.
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erete Chimney.
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TROLLEY AND TRANSMISSION POLES.

Reinforced concrete poles deserve more serious considera-
tion on the part of users of poles than is at present given to
them. The cost of replacing a wooden pole is generally
higher than the original cost of concrete poles.

An ordinary wooden pole, as used for telephone and tele-
graph wires, ordinarily fails under a pull not much above
1000 pounds at the cross-arm, either by breaking or more
generally by pulling out of the ground.

We recommend a factor of safety of two, or maximum
three, for reinforced concrete poles.

Example: On a pole is exerted, at a height of 20’ above
the ground, a force of 1000 pounds. The moment at the
ground line =1000 X 20 X 12 =240,000 foot-pounds. Experi-
ments made by the writer and others indicate that the ulti-
mate bending moment=2000X moment of resistance. For a
factor of safety of two we require for above pole a moment
of resistance ==23240,000--2000=240, or, according to table
on page 205, a pole of a side of 11” at the ground line re-
inforced by four %" bars will suffice.

The side of the pole at the top should be made about 14
of that at the base. The writer’s experiments demonstrate
that the deflection of poles, when figured for a factor of

safety of two—05LI inches, when L the leverage in feet

and I the moment of inertia in inch*, and for a pull of 1000
pounds. In our case the deflection=—=0.5X8000--1335=3.0
inches. This pole contains, if we assume a length of 27 feet,
15.1 cubic feet of concrete and 113 pounds of steel.

The anchorage is considerably increased by imbedding in
the ground short pieces of concrete beams about 15” to 18
below the ground line. For important lines it will always
pay to test the anchorage for the various soils encountered.
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. TROLLEY AND TRANSMISSION POLES,
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The black figures denote the moment of resistance in inch®
‘The figures to the left, the moment of inertia in ineh*.
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LABOR COST OF REINFORCED CONCRETE WORK.

The cost of material, delivered at the site, can be obtained
without great difficulty.

A 1:6 concrete mixture requires per yard of finished con-
crete 1% barrels of cement, 0.9 yards of rock and 0.45 yards
of sand. A 1:71% mixture requires 114 barrels of cement
and 0.95 and 0.48 yards of rock and sand, respectively; and |
a 1:9 mixture requires one barrel cement and one yard of
rock and 1% yard of sand.

The prices of the materials must be figured unlopded at
the mixer. Unloading from railroad cars at the mixer costs
generally two to three cents per barrel of cement, 15 cents‘
per yard of rock and 10 cents per yard of sand.

The labor hours per cubic yard of concrete for mixing,
hoisting, wheeling and tamping varies from 114 for a well-
proven, well-designed new plant, using bins or steel carts
for filling the mixer, an elevated water tank, first-class
hoisting bucket, well-designed hoppers, and carts or steel
cars for transporting the concrete, to two hours for an old
plant with less favorable conditions of loading the mixer.

To obtain this low cost, at least 45 batches an hour must
be run through a mixer of nominal % yard capacity, which,
however, does not make more than 10 cubic feet of conerete
for a 1:6 mixture, when a batch consists of two bags of
cement, 4 cubic feet of sand and 8 cubic feet of rock. ‘

For the average plant it requires 4 labor hours for each |
. cubie yard of conecrete, including average stoppages on
account of breakdowns, ete. Only in exceptional cases it
takes six to eight labor hours per yard of concrete, even
where hand mixing is resorted to, and where the concrete is
hoisted by crude means.

The installation of the plant (not including the cost of

mixer, hoisting engine, ete.) cost from 20 to 60 cents per
ard.
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Steel Labor: The average labor hours per ton of steel is
24, and should in no case exceed 36. Under very favorable
conditions they may be as low as 10. Under good manage-
ment three men will bend 30 to 35 high-carbon bars into a hog
chain form im one hour, on a well-built bench, using two
extra heavy gas-pipes for a lever.

One man can make at least 200 stirrups, as shown in
Figure 2, in one hour.

Carpenter Work: The taking down of the forms and the
removing of the lumber from the floor takes from 10 to 20
labor honrs per 1000 feet B. M.

For the erection of the forms it takes, under the best
management, not less than 20 carpenter and 10 labor hours
per 1000 feet B. M., and these hours may increase in a badly
designed structure and under correspondingly bad manage-
ment to 80 carpenter hours and 20 labor hours.

Brackets and a great variety of beams and spacing of
beams increase the form labor very rapidly, as well as high
teilings.

Nails: It takes about 6 to 8 pounds of nails per 1000 feet
B. M.

After the rough work is completed, the patching, cleaning
ip, the finishing of floors, stairs, walls and of sundry minor
letails, which were omitted when building the main struecture,
‘he carting away of all debris, lumber, dismantling of plant,
te., cost often from 10 to 509% of that of the main work.

Water: It requires in the average 80 to 150 gallons of
vater per cubic yard of concrete, which includes the water
‘or mixing, wetting of the forms, sprinkling the concrete,
ite.  In many cities a charge of 5 to 10c per cubic yard of
oncrete is made for the water.
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GENERAL SPECIFICATIONS FOR REINFORCED CONCRETE
WORK.

The contractor shall have at least three years’ experience in re-
inforced concrete construction, and shall mention in his propositions
five of the most important reinforced concrete structures which were
built under his direction. If he expects to give the direction of the
work to one of his employees, he shall bring verified testimonials that
his foreman has at least three years’ experience in this line.

The execution of the work will be supervised, on behalf of the
owner, by a competent engineer, having at least three years’ experience
in reinforced concrete and ten years’ experience in building construc-
tion, and his decisions in all doubtful points must be followed. If the
contractor is convinced that the decisions of the engineer are wrong
and would cause him serious injury, he shall have the right to ask
from the engineer a written stat t of his decisi and its causes,
and to have samples and photos certified, and if it should be decided
by a competent board of arbitration that the engineer was wrong, the
contractor will be paid the actual extra cost plus 15%.

MATERIALS.

The cement shall meet the requirements of the specifications of the
American Society of Qivil Engineers.
. One bag containing 94 pounds of cement shall be assumed—1 cubic
oot.

At least one week’'s supply of cement shall be stored in a shed at
the building site, and each carload of t shall be panied by
a certified test from the mill, stating the probable age of the cement,

and shall also be tested by a competent laboratory selected by the
owner.

AGGREGATES.

As sand, shall be classified all materials, either natural sand or
finely crushed rock passing a sieve of 14 ’'’ holes. The sand shall be
obtained from (state pits), and shall be free from vegetable and other
deleterious matters, especially lumps of clay.

The use of sand having fnins of 1/64’ diameter or smaller, to the
extent of 50%, is absolutely prohibited. Where there is a possibility
of choice, a sand containing about 30% of fine material and 70% of
material about four times coarser is best to use, if the expense of
obtaining such a sand is not prohibitive. |

The crushed rock or gravel shall be clean, hard, durable and free'
from all deleterious matters, especially lumps of clay. |

The particles shall pass a one-inch r ni for all column girders, floor
slabs less than 5’ thick and walls less than 8’ thick; and shall pass
a two-inch ring for ordinary footings, thick floor slabs and walls less
than 8’ thick. For very heavy foundations and walls, stones “3 to
6” di ter, or ti even larger stones, may be imbedded to!
the extent of 50% of the aggregste. .

The presence of 2% (in weight) of finely divided clay in the aggre-
gate shall be permitted; a larger percentage will be rejected.

The stone need not be screened, if the percentage of stone screen-
ings does not exceed ten. Also here about 30% of finer material and
70% of material four times larger gives the best results. {

WATER.

The water shall be free from oil, acids, strong alkalies, or oth
g«ﬂ?::ri‘lcyi::ﬂgatgera. ; Thedconttl(;acftor l'shall provide g::m ;mple'syste‘:n g:
ution, in order ili i
T Sprinthing ag nen order to acilitate the cleaning of forms, anc
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STEEL.

The steel shall conform to the manufacturer's standard specifica-
tions, High-carbon steel shall have an ultimate strength of 90,000
pounds ner square inch and a yield point of at least 50,000 pounds.
These rods shall bend cold around a radius equal three times their
dismeter to an agle of 90° without breaking. Cold twisted steel rods
shall have a yield point of 50,000 pounds and an ultimate strength
of about 85,000 pounds per square inch.

Should, in case of contingency, the contractor be compelled to use
nild steel rods in lieu of high-carbon bars, he shall increase the
sectional area in slabs by 10% and in girders by 20%; in columns,
cither mild steel or high-carbon rods may be used.

MIXING AND PLACING OF CONCRETE

The concrete shall be mixed in the proportion of one cubic foot of
coment to about six feet of aggregates, sand and stone being meas-
wred separately. As a rule, the proportion of sand to stone shall be
1:2, and the exact proportion shall be found before starting concreting
by making a small test beam. A good concrete worker can tell whether
the concrete allows of easy tamping and runs freely around the steel
rods. Should there be any dispute in regard to the quantities of aggre-
gate to be used for each bag of cement, it shall be decided by a test,
and the meaning of this specification is fulfilled when 1.45 barrels of
cment are contained per cubic yard of finished concrete. If the en-
gineer insists on more cement, the contractor shall be paid cost and
10 extra.

The materials shall be measured in a uniform manner, in wheel-
barrows or otherwise, so that the quantities can be easily controlled
by the workmen and engineer.

The mixing shall be done in a concrete batch mixer of sufficient
tapacity, and the materials, including water, shall turn in the mixer
not less than %% minute. Hand mixing on a tight platform shall only
be resorted to for unimportant work, and the materials shall be turned
over at least four times until they are homogeneous in color and con-
sistency. The concrete should be mixed wet enough to flow freely
tround the reinforcement and to fill out all the corners in the forms.
Great care is to be taken that there is not too much water used,
lhereby causing a separation of motar and of the coarse aggregate.
Should a less amount of water give still unsatisfactory results, the
moportion of sand to rock must be changed.

No concrete shall be used which has partially set (the setting time
8 lm&)wn from the cement tests), and no retempering shall be per-
titted.

Before placing the concrete, the forms must be well cleaned and
horoughly wetted, and wood shavings must be removed from the
loor, in order to prevent the wind from blowing them into the forms.

No concreting of columns, beams or walls shall be commenced
nless the forms are previously inspected, by the engineer, for cleanli-
ess and straightness, and the proper location of the reinforcement.
In using wet concrete a great deal of laitance is formed on top
f the concrete, especially in columns, girders and walls, which must
e removed before starting concreting after a suspension. The con-
reting shall be stopped in girders and slabs in the center, unless
revented by the inclemency of weather, or similar reasons, in walls
referably in steps. When starting up concreting after a suspension
' only a day, the joints should be thoroughly cleaned, and drenched
ith water, and covered with grout. For a longer suspension, remove
out % to 2 inches of concrete at the joint.

It is preferred that the columns are concreted one day ahead of
e girders, and the ﬁirders a few hours ahead of the floor slabs.
At least one man shall continuously tamp a column, durly’g process

concreting, by means of a stick of lumber 1''x2” or 2"'x2". t
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least one man, but generally two men, will be required to tamp each
girder, during the process of concreting, by means of special spades,
and the contractor shall sulziply a sufficient number of crowbars and
heavy hooks for shaking and eventually lifting of the reinforcement.
Care shall be taken that the stirrups remain in their places and are
lifted up after the form is filled.

Care shall be taken that the fioors are brought up to the right
level, and a levelling instrument shall be always on the floor, ready
for checking.

Where the floors are to be cement finished, as for warehouses,
factories, etc., the rough concrete floor shall be levelled to a level
1%’ below the top of the finished floor. As an absolutely level floor
in rough (or even finished concrete) concrete cannot be obtained,
this will give a cement finish averaging 3 '’ thick.

The cement finish, if figured as carrying stress, shall not be placed
later than two days after the rough concrete is placed, and care
shall be taken that the rough concrete is thoroughly cleaned and
brushed with a steel brush and drenched with water before applying
the finish. For office buildings, hotels, etc., the cement finish may
be applied after several months, but shall not be less in thickness than
1’’, and the rough concrete floor shall be washed with a 20% solution
of commercial muriatic acid and thoroughly drenched with water
before a})plying the finish, The cement floor shall be covered with
sand and kept wet for several days. No walking on this floor shall
be allowed for two days, unless boards are spread over it.

Where the finish is applied at once, and where concreting is done
on the story above, the cement drippings must be thoroughly washed
off and cleaned off every day, in order to preserve a smooth floor.

The cement finish shall consist of one part of cement to two parts
of coarse sand, or iranite screenings. After the forms are taken out
all pga.ses showing honeycombs or other imperfections shall be neatly
patched up.

The faces of concrete exposed to the sun and wind must be drenched
with water for at least three days, and occasionally sprinkled for a
week or more, or even covered with a layer of wet sand in case of
ceruent finished floors.

Where concrete is to be deposited in water, it shall be done by
means of a tremis or bottom dumping bucket, and divers shall be
occasionally sent down to remove laitance and to inspect the concrete.

FREEZING WEATHER.

When the temperature is below freezing and above 20°, the con-
creting may be carried on by using boiling water for mixing (tests
shall, however, be made by the laboratory whether the hot water
does not injure that particular brand of cement, in regard to strength),
and by pouring boiling water on the forms, and especially the re-
inforcement, so that not a particle of ice or snow remains. The con- |
crete must be immediately covered by planks and tarpaulins. No
concreting in cool weather shall be commenced unless all preparations
for boiling water are made and the required quantity of tarpaulins
are at the site,

FORM WORK.

The form work must be carefully designed for strength and de-
flection, and in no case should less material be used than given in
this Hand Book. The forms shall be erected as true as practicable,
and no variation of more than 14’ shall be allowed (if another varia-
tion is desired, it must be considered that the cost of the form work
increases very ra}ndly for a greater precision).

The forms shall be built fairly tight, to prevent a gross leakage of

?g:sxl'éagroducmg honeycombs and ‘foss of strength of the concrete.

age of water, colored by cement, will not be considered in-
. i




CONCRETE POCKET BOOK. 211

jurious. The floor boards shall be surfaced on one side (8. 1 8.);
the side and bottom of the beam forms shall be S. 1 8, or surfaced
one side and one edge (8. 1 8. & 1 E), according to the purpos for
which the structure is intended. :

The column boards shall be surfaced one side and both edges (S. 1
8. & 2 E.), in order to facilitate the plumbing of the forms. Right-
angle triangular strips (1’ or 2’ sides) shall be placed in all corners
of column and beam forms, and the beam forms shall be given a
camber of %'’ or 1/300 of the span.

. Column and wall forms may be removed in three days. The remov-
ing of beam and slab forms depends on the ratio of total load to dead
load for which they are designed, and on the weather conditions.
The proper time can be found by making small test beams, at the
same time and of the same concrete of which the structure is built.
Lacking these tests, the supports of the beams shall not be removed
before three weeks in warm, or four weeks in cool weather. The
sides of the beams may be removed at the same time as the slab

forms.

If the slabs are of short spans, say not exceeding 8’, the forms may
be removed in five days in warm weather and eighf and fourteen days
in eool weather. For larger spans the floor boards may be removed at
the same time, but temporary props must be placed in the center of
the panels and must remain for at least two weeks, and for a longer
time if the floor supports the forms for the story above.

THE PLACING OF THE REINFORCEMENT.

Before the reinforcement is placed, the forms must be cleaned of
all dirt and shavings and care must be taken to prevent new dirt
and shavings from coming into the forms. In case of wall and
column footings, a 2'’, or sometimes 4’’, layer of concrete shall be
spread on the ground before the rods are placed. Rods in wall foot-
ings do not need to be wired; in column footings, however, each rod
must be wired at two points by No. 16 wire. The column rods should
be rigidly wired to the coils, 8o that they retain their desired spacing
in handling and concreting. The column reinforcement must be placed
plumb and centrical and braced in two directions, and grout (1:2)
must be poured into the footing holes or gas-pipe sleeves for proper
connections. Care must be taken that the column rods keep their
place while concreting the columns, and for this purpose the tops of
the rods must be steadied by wires or boards.

In bending the girder and beam rods, care must be taken that the
depth of the bent rods is not greater than given in the drawings, as
otherwise the rods might project above the concrete floor.

The stirrups shall first be placed in all beam and girder forms as
shown in Figure 8, then the straight rods, and afterwards the bent
rods. Care must be taken that the rods do not come nearer to the
surface than 1’ (1%’ or 2'’), and that they equally overlap at both
ends.

The floor rods shall be placed after the girder rods, and shall be
wired at two points to keep their place. It will be insisted that they
are placed in their exact ponsition during the wiring; a variation of
1" shall be permitted if during concreting the rods are shifted. The
contractor shall.supnly his men with a sufficient number of hnoks, to
be used to raise the rods %’ (%’) above the floor during con-
creting.

’l‘heg extra rods over the beams or girders shall be placed im-
mediately after the slab is concreted over the beams, and pressed into
the concrete. .

Horizontal wall rods shall be wired to vertical rods at least ever:
four feet, and proper provision, hv means of staples, or otherwise
shall be made to keep them in the proper distance from the face o
the wall.

W
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The steel rods shall be stored in a clean %hce and shall be properly
sorted, and shall be free from dirt, ice or heavy scales of rust, when
placed into the forms. A slight coat of rust shall not be considered
objectionable. :

TESTS.

The contractor agrees that he is fully informed as to the purpose
for which the before-mentioned structure is to be used, as described
in the plans and specifications, and being skilled in the construction
of reinforced concrete work, fully aﬂproves of the plans, design and
specifications, and guarantees that this work, done in accordance to
these plans and specifications, will fulfill the requirements for which
it is intended in every respect.

The contractor shall test, on demand, at least one girder, beam,
or panel to twice the live load for which the particular floor is in-
tended, six weeks after the concreting, and no undue deflections,
eracks or other signs of weakness shall appear. Should any failure
or defect appear in any part of this work, either during test or while
in use during a period of one year after date of completion, the con-
tractor will remove such defect and provide construction adequate
for proper fulfillment of this service for which this structure is in-
tended at his own sole cost and expense, and without cost to the
>wner,
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ADDENDA AND CORRECTIONS

On page 105, in tenth line from below, read ‘‘page 95’
instead of ‘‘page 92’°.

On page 107, in fourteenth line from below, read ¢¢2"x4”.7’

On page 112, in the equation for the moment of the weight
of the earth about the center of the base, ‘‘ Jh’’ should
stand for ‘‘ 4y’

On page 118, in the eleventh line from top, read: ¢‘The
cost per square foot of shell’’ :

On page 133, the weight of steel per lineal foot of square
bin should be doubled. In case of a cluster of bins, care
must be taken to divide the unit quantities of concrete, steel
and form lumber by two for all interior bins. For the outside
walls the full quantities must be taken.

On page 153 the heading of the second column should have
been ‘‘T--1*’’ and the figures under heading ¢¢0.4x’’,
€40.3x’? ¢¢0.2x’’ and ‘‘0.1x’’ should have been printed in
black.

On page 161 should have been noted that it is of advantage
in reinforced concrete piles to tie the rods together by coils
of No. 5 wire, spaced 6” c.c., which spacing should be
diminished to about 2 near the top of the pile.

Tn Fig. 84, page 190, the rise of the roof is not clearly
marked as ‘‘h1”’

On page 1% in second part of first equation read D2pt
mqtead of Dpt.

On page 205, “Welght of Four Rods in Pounds’’ should
read, ‘‘ Weight of Four Rods in Pounds per Lineal Foot.”’
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In the typical floor constructions, on pages 44 to 54, the
headings of girders and beams are sometimes transposed.
The girder is always the beam with the higher serial number.

On page 79, the height of bagsement in second column is 10
instead of 14’, and in the last column of the table the second
figure should be 9000 instead of 6000.

On page 69, read I?.mste:ald of PS

On page 123, divide the stress in bottom ring for the domes
under headmg ‘‘Total load 300 pounds per square foot’’ by
two.

On page 128, in éighth line from top, read 0.3pD* and
0.167pD? instead of 0.6pD? and 0.33pD> .

On page 128, in eleventh line from top, read square inch
instead of square foot.

On page 137, read Dams instead of Domes.

On page 168, in heading, read Denotations instead of
Detonations.

On page 169, in next to last line, read 1%,"” instead of 1%”.

On page 204, in thirteenth line from the top, read inch-
pounds instead of foot-pounds. .

On page 189, in nineteenth line, read Ma = ¢ Pl

1
14-4n








