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TABLE X.-'CO~1PRESSION TESTS OF OONCRE'1'E PUISMS. 

Lengh 12 inches; Cross Section 6 inches x 6 inches - 'c ---
m ~ J!i OO ~o~ ~.~ .~ ~ ci 
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X 10 ~ 
1 2 3 4 IS 6 7 

1 cement, 2 fine N e- 75 373 '62 a'380 4 ':241 1773 IV. a 1 
pean sand, 2 of :r.( li 20 3'22 L-650 3'131 . 
in. Nepean shiv.ers 1493 6'94 '963 1 '99·2 

Ditto .......... 70 1m '62 4'167 5'067 1618 IV.a2 
H7 1".;58 3.'222 4'(lJJ I 

14-93 6 '30 2'622 2'609 
1 eement, 2 fine Ne- 72 :>13 '1i6 3'936 4'696 1699 IV. a 3 

pean sand,a of :r.( 747 1'76 . 3'146 3'618 
_ in. Nepean shivers 1120 3'22 1 '874- 3'137 

Ditto ....... ' . . , 82 373 '64 3 '299 4'109 '1 625 IV. a4 
H7 l"Ii8 2'000 4 '0.31 

li~O 4'7-2 1'01·9 2'138 
1 cement, 3 N epean 78 373 1'24 2'000 2'120 l 1 362 IV. a;> 

g rit w ith dust 747 3'76 1'111 1'693 
1120 8'70 1'516 1264 

Ditto .. .. .. . . .. 69 873 '74 3'070 3'553 1649 IV. a6 
747 2 '20 2'000 2-895 

l120 4'42 1'276 1'161 
1 cement, 2 sand, 2 :r.( 243 373 '69 3'400 3'811 1 ~ 18 IV.a] 

inch shivers . 11-20 3'80 1'74. 0 2'667 
1493 6'98 1'137 1983 

Ditto .. .. .. .. .. 244 373 '35 6'260 7'513 ' 2638 IV. a2 
1120 2'14 3'000 4'721 
1493 3'M 2'130 3'897 
1866 5'35 1'·945 3'280 

Ditto .. .. .. .. . . 244 373 '46 4 '76b 6'718 2311 IV. a 3 
1120 2'43 2'780 4'1 67 
1493 3'96 2'980 3'493 

1 cement, 2 sand, 237 373 '74 1i'880 3 553 2030 IV. a 4 
with grit a nd dust 1120 4'46 1 '760 2261i 

1493 6'41 1'225 2'167 
Ditto 239 373 '61 3'2~ 5 4- 310 1936 IV. Bl .. .. .. .. .. 

2'04 2'780 1'287 
1'81 3230 ! ·i 50 

H 2O 3'71 P20 2'722 
HI 6-100 2 290 . 
4'44 2'430 1I'275 

1493 : 6'7'1 '862 2 '402 

... 
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T TABLE XI.-COM~RESSION TESTS OF CONCRETE 
. . . PRISMS, 

Length 24 inches, kept in air; Cross Section 6 inches x 6 inr:hes . 
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1 cement, 2 sand, 
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' tto .. .. .. .. 

cement, 2 grit 
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'tto .. .. .. .. 
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xture ditto, 4 
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ron 
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:fepean sand, S N 
o , f ~ in. shiv.,.., 

bars % in. iron 
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84 37.3. 2'"53 
-- · 147 · 697 

ll20 12'55 
77 373 2'80 

747 10'04 
1120 29 '68 . 

78 373 2'50 . 
747 · 7'79 . 

l120 14'24 
84 373 2 '41 

747 . 6'87 
1120 13'28 
.1493 25 '23 

18 373 2'83 
747· 7'97 

1120 16'04 
81' i 373 3'39 

747 9'81 
1120 20'4'5 ' 

82 373 1'7(" 
U7 ' 5'07 ' 

ll20 9'55 
1493 ' , 15'95 

63 ' 373 2'06 ' 
747 5'81 

,1120 ' 10'96 
1493 18 '21 ' 

63 373 1'43 
747 5'31 

1120 9'24 

6i 373 1'85 
U7 .'70 

1120 8'28 

64 373 3'09 
747 7'86 

1120 16'86 

64 373 2'88 
747 8'43 

1120 15 '88 
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x 106 
5 6 'l 8 9 

2'344 2'600 1833 IV,b 1 Shattered vertically, 

'1'975 2'285 
about 7 in lett sound 

1'790 
, at one end . Kept in 

2'012 I ~ till t ested, 
1'762 2'347 : 1202 IV, b2 Shatter ed ver t ically 

'888' 1'587 in cent re, 
'362 t 'II51 

, 

1756 2'630 · 1462 IV. b3 Broke through the 

2'710 2'042 
centre, leaving ends 

. . .. BOund~ . 
'500 1'775 

2'030 2'728 :1742 IV,b 4 Broke through the 

1 87:1 2 '316 
. centre and one end 

left sound for 6 in, 
1'625 1'900 

, 
I !rom ' end. The rest , 

'.22 1'370' shattered vertically. 

2'2.&0 2 '323 , 1741 lV .. ,b5 Broke thm.u,gb the 

1'600 1'996 centre, both ends 

1'157 1'575 
sound for 6 inches. 

1'772 1 '938 1408 IV. b6 Broke near the t op, 
1'280 1'624 

I IV. 1l i 

ot her end BOund for 
'913 ' 1 '235 about 12 inches 

3'190 2427 
' . 

3'868 Shatter ed in centre, 
2'488 3 '142 vertical rods bent ; 

1'740 2'645 concrete t hrown off 
frOm outside of bars. 

1'305' 2'165 Ends .left sound. 

2'860 3'1 92- : 2171 IV. 0 2 Ditto. 
2'260 2'740 
1'605 2 '310 

' 1'250 1·8U7· .. 
2'890 ~'508 1842 IV: 0 3 Ditto. 
2 '096 2'999 
1'352 2'732 

, 
, . 

3 '190 3'553 2551 IV. c4 Ditto, but concrete 

2'900 3'388 
thrown off one end 
also. 

2'488 3'050 

2'073 2'126 2047 IV. 05 Ditto, bu t both ends 
1 '-465 2'026 . BOund. 

'793 1'496 

1'888 2'283 1726 IV. p 6 Shattered near one 

: '490 1'81l8 end, other end sound 

1'038 1'590 
for 12 inches. Con· 
cr ete off rods. Ver· , tical rods bent. 



1 
1 cement. 2 ~e 

Nepean sand, 3 · 
of % in .. $.iv· 
ers ; 4 bars '*' in. 
iron 5 ties 3·16 
in. i ron 

Mixture ditto, 4 

bars '*' in. Iron, 

'.' 

2 3 
M ' 375 

747 
112'0 
1493 

.t. . . 
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4 
2 '06 
5'75 

10 '96 .· 
24'09 

5 ' 
2'860 
2 '260. 
1'330 

:4.20 

x l ()6 
I> 

3 '192 
2"769 
2'310 
1'436 

- ., . 
" " ~. <U .' 
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~ .. 

7 f 8 
1680 IV'- c7 

373 2 '99 1891 IV. c 8 

2 ties 3-16 ' in. .. 

. . 7[57., 6, ' 3~ . 
1120 11'86 · 
1493 21'89 

2'.800 
2'126 
1'384 
l '3fl) 

~'197 
2'515 
2'.515 
:2 "125 

Iron 

1 ~=ent , ' 2 sand, 
i ~ in. shi. v'ers 

\ 
1 pement, 2 sand, 

2 ')I. in. shivers 

: 
1 ~roen.t, 2 sand, 
~~ Iii, shivers 

1 cement, 2 sand, 

~ * in. shivers 

1 cement , 3 grit 
~th dust 

, 

i _ .. -
! 

• - -
r : " 

l ,cem"ellt; .2 sand, 

192 

192 

202 

205 

208 

159 

249 '64'" 
498 2 '54 
871 tI'17 
249 }'24 
747 G'89 

1120 13'7J 
1368 21 '41 · 
373 3 '54 
749 6 '8~ 

1120 111-15 
1246 17 '08 

1149 ' 1'1 4110 
2 '28b 
1'54110 
2'21b 
1'73110 

747 7'03110 
7'55b 
7'533 

1120 12 'OSa 
249 1'3'2110 

1'67b 
l'b9a 
2 '94b 
2'64110 
o'50Q 
4 ,82& 

747 8, (0 7110 
8'07b 
9 '21 110 

H'32b 
12"98110 

1120 18-Q6a,b 
18.-67110 

249 -1 ·on . 

'4"146 5'448 
2 '800 3'820 
2'500 3'530 
2'880 2'801 
1'500 2 '311 
1 '165 1'821 

'592 ' 2 '476 
2 '800 1'050 
1'500 2'311 
1'165 1'667 

'580 2'247 

2396 IV. d ! 

1618 IV. d 2 

1493 IV, d 3 

2 '390 3.'048 1618 IV. e 1 
1 '900 1 '222 _ 
3'045 2 '255 
1'830 1'572 
2 '680 2'008 
2 '508 3'265 
1'788 2'110 
2'2~0 2'115 
1'110 2'9.20 
2'320 2'632 
2 '550 1 2'081 

-2'355 2'185 
2'100 1 1-182 
2'220 1'311; 
1'.555 '682 
1'788 '928 
2'506 r'973 
3 '884 1'973 
1'155 1'727-
1'848 \ '113 
1'872 1'227 

.744 1'430 
1 '465 

1842 IV. e 2 

,-_. - -
2'765 ::\ '475 2464 ' IV, f f 

178 

9 
. Shattered near nne 

end, other end BOund 
for 12 incJies. Oon
crete off f9ds. Ver· 

·tical ~ bent, 

Ditto . 

Shattered near end, 
leaving abbm 12 ·in. 
BOund other. end. 

Ditto. - .,' 

'Shattered one end, 
'other . end BOU1)d for 
Jlbout H . i.l}ches, 

Ditto, 

a~lnad ascending; . 
.b+-load descending' 

u 

Broken _!",d ~t· 
tered vertIcally . , - .. 

," -... 
• '.1 
.. ' 

. .. - . 

, - ' 
ShattE~ !~rticaily ' 

2 *- in. shivers; 
~ 'h in. bars, ,2 
ties 3·16 in. dia. 

7'47 " 5 '16 
1493 15'48 
1867 2& 82, 

2 '440 3'085 l 
1 '322 2'235 

870 1 636 '" __ _ J 
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In France a nd America the practice is to reinforce 
c'ompression members with longitudina l rods connected 
at interva ls by peFfOl'llt ed diaphragms or wires, an.d in 
all caTciJla tions the tra nsverse ties are neglected, and 
the r esist a nce of the longitudinal metal rods is added 
to the ·concrete. 

The following experiments show t he effect of r ein
forcing with heliCoidal spira l rods embedded in the 
concrete near the surfiice, and agains t the biner face 
of · these coils longitudinal r ods are placed. 

The followIng Tables XII. a nd XIII. give the r esulfs 
obtained by the authar ,- and Figs-. IVm and I Vk show 
the results of these t ests plotted. 

:F ig. IV. m . . \ 
Octagonal Prism s 12 in'ches long. Comp'ressio'n in units of 

. '0008 in-ches. . 
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TABLE XII,-COMPRESSION TEST OF' CONCRETE PRISMS, 

Length 12 inches, Octagonal Section, 

Elastic limit of loft steel wire u sed in spira ls = 39,000 pounds per _quare inch, 
Elastjc Ii~i~ o~ ~essemer steel, u8ed in l0!lgitudin~l rods:;=37,7UO .pounds per 

square mch, Area 297589 Rquare mch eM. 
.- 01 

. , 
. ", .B 0 '~.~ . . s ~ :g o. 's'" 

._ 0,"" 
gj , ~ ~ ~ CJJ :3 , 
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.; .. -:::l ~ ~~ .3 t1 ", '" g.S " " .s . Oomposition. - "". .. '" ~ S'" pp '" Rema rks . cO 

Cl 'h '~ ~ gj ::dtD -;;I 'd ~~ '" J,) ' r"I 't:I " .S a §1j a ''5 -::: >. s:I..d g.,E.< :;;l §.c: ~ 

'" S o " S- " ~:s &.s I glo " t1, 
t.o o Poi· ,..; 0 0 . .... .. ", oS ~ .... 0 0 -5 ~ J'!l 

x 10" 
1 cement, 2 sand, 141 301 0.80 3'760 3'740 2409 1 Fig. Shattered; no sign. 

2 ~ . in, shivers, 602 1.62 3'340 3'720 IV,m of fracture belore 
no bars, plain 1204 3,80 2'370 3'170 

breaking 
, ,_. - ' 1806 7,25 1250 2'490 
J. cement , 2 sand, 136 301 0'81 3'540 3740 4220 2 Fig Outside peeled off at 

2 ~ in, shi vers, 602 174 3'010 3,450 IV,m 101,000 pounds and 
Spiral ~ in. 1204 3,91 2'410 3'070 broke at 126,000 

pounds ; slightly 
pitch 5 in, dia, 1806 6,96 · 1 '740 2'580 crushed, 
No.5 gauge wir e 2258 9'98 , 1 '156 2'260 

2860 19'41 · '436 1'470 
1 cement, 2 sand, 135 30] 0,65 4'300 4'630 4517 3 Fig Outside peeled off at 

2 ~ in, shivers, 602 1'42 3'440 4'180 IV,Ill 110,000 pounds, an,l 
Spiral %. in, J204 3 '52 2 '410 3'4:30 broke at 134,000 

pounds, Crushed at 
pitch 5 in, dia, 1806 6'71 1'440 2't!90 centre, 
No, 5 gauge 2258 10'73 '990 2-120 
wire ; 6 ¥.. in. 
st eel vertical rod. 

1 ceml;!:n t , 2 sand , 139 f 301 098 2'740 3070 3158 4 Fig Cracked at 695,000 
2 * in, shivers, a 602 2'49 1'600 2'UO l V,m pounds and nutside 
Spiral %. in, b{602 3'19 4'150 1890 peeled off, body 

crushed and bent ; pitch 5 in, dia, 301 2'16 2 510 1'400 broke at 93,000 
No, 5 gauge wire 

'{ 30] 2 '09 2870 1'440 pounds, 
& 602 2 '15 2,280 1'910 

1204 8 '12 '765 1-480 
{ 1204 1461 3340 '825 

b 602 12'11 1'770 '500 
30) JO'1 9 1'310 296 

~ 30] 
9'62 2'000 'SI3 

60~ 11') 5 2'000 '545 
8. 1204 14·42 1'400 '836 

1655 19'69 '450 '844 
1 cement, 2 sand, 137 { 30) 0'64 5'000 -1'850 5421 1 Fig , Cracked at 134-,000 
~ %. in, shi vers. a. 602 1'41 3'760 4'280 IV,rn pounds and outside 
Spiral t in, b{602 155 6'000 3 '880 peeled off ; vertical 

rods bent, Prism 
pitch Ii in , dia, 301 0'86 4' 150 3'500 crushed, Broke at 
No, /} gauge wire { 30J 0'83 6000 3 630 '\, 162,000 pounds, 
1O*, in, steel B 602 1'52 4150 3 '950 a- load ascending 

vertical rods, 1204 2'96. 3'250 4'070 
b--Ioad descending 

~~.i { 1204 3'50 5'470 ' 3440 
b 602 2'20 4 '300 27100 

301 1'39 3'MO 2'160 

r 30J 
1'31 4'eoo 2'300 

602 2'06 4'650 2930 
1204 8'45 39('0 3'490 

a ~ 1806 5,03 3'000 3590 

12258 
6 '76 2'41 0 3'340 

3312 12'22 )'470 2'700 
L 4274 20'45 '770 2'090 
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'TABLE xm:-COM'pHE~SION TESTS; CONCRETE PR[SMS. 
Le.ng.th Jll inches, Octagonal Cross t:lection. _ ';.::' 

Elastic limit of soft steel wire use~ in spirn.I=39,OO(l ponn\l8 per sqnare inch. 
Elastic Li.nit of Bessemer tEl!ll ilsed in longitudinal rod"""",37, 770 pounds per square 

inch. Area 29'75 square i'nch. ' 

i~ 
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.S-§ ;::l ..,.., '" 0 

~ " o::: ~ °a "a" 0 " 

~~ goS H ., .s 
Composition. '" .- ... S o. Pp 0. Remarks 

Q 0gj ell i § . 1=l::::! 1Jl bD'" '" "d"d () 

.S ., '0 ., i!J G./ '_'O c"'O • 

" ti§1j :i.,t: ~~ § -5 E-oE-< :;;l "~ ., 
.; So " E- g ~ ·u a..S 11 

.. 5<3 \ .2! 
, b 8 Q,." 0 0 . .... ~ o..S ., 
-< 0 0 W ~ 

X lU G 
1 .cement, 2 sand, 133 301 1'80 4'180 H80 2786 1 Fig Crushed near one 

2 ' ~ iIi. shive1'8, · 602 3 '35 3'425 4 '550 IV.k end 

no bars. 1204 8 '99 2 '40'0 3 '360 
18D6 16'81 1'510 2'680 
2258 26'88 1'060 2'090 

1 cement , 2 sand, 131 301 2'03 3'760 3'700 4098 2 F;ig. Outside peeled at 

2 * in. ~hi\~e:'S . 602 4'58 2'770 3·321 IV.k 90,000 ponds. Broke 
at 119,000 pounds. 

Spiral * in. 1204 1'1'23 1.810 2'670 One spiral burst . 
pi t ch 5 in. dia. 1806 2'2' 21 1'140 2'040 
No. 5 gauge wlrc 2258 311'46 : 94'2 1'580 

1 cement, 2 sand, 130 30] 2'40 2'900 3 '120 2846 3 Fig. Outside peeled at 

2 * in . shiver •. 602 4,54 2'800 3'310 IV.k 67,000 pounds, centre 
of p r ism cr ushed at 

Spiral * in. l:l04. 11'75 ]'510 2'560 85,000 pounds. 
pitch 5 in. dia. 1806 22'93 ,'920 1'l97 
No. 5 gauge wire 

"1 cement, 2 sand, 129 301 1 '70 3-140 4'400 5270 4F g Cracked at 101,000 

2 ~ in. Bhive~. 602 4'85 1'980 3'100 IV.k pounds, and outer 
coverin g peeled off 

Spiral %. in. 1204 15'00 1'215 2'000 at 119,000 pounds 
pitch 5 in. dia. 1806 31'52 '770 1' 430 Buckled at 134,000, 

No. 5 gauge wire 2258 5]'26 : 522 1'090 br oke at 157,000 

6 'h in . dia. vcr· 
pounds. 

tical steel rods. 
cement, 2 sand, 129 J 30] 207 3'300 3 '640 4214 5 ~'ig. Cracked a t 112, 000 

2 * in. shivers. a I 602 4. 58 2800 3 '270 IVk pounds ; the outside 
peeled off and hroke 

Spiral i in . b{ 602 . 5'07 3'960 2'970 at 126,000 pounds. 
pi tch 5 in. dia.. 30] 2'86 2'800 2'6W Failed in body of 
No. 5 gauge wire 

{ 30] 2'46 3'420 3 '050 prism. 

10 % In. dia ver· a 602 4'88 3'000 3 '080 
a- load ascending 

·tical steel rods. 
b-load descending 

1204 10'13 2'510 3'000 

{ 1204 12'51 3'580 2-400 
b 602 6'86 2'900 2 '190 

30] '4'0] 2650 1'870 
r 30] 3'68 3'140 2'040 
I 602 6'09 3'140 2'470 

a ~ 1204 11'02 2'900 2720 
I ]806!l6'70 3'250 2710 
L 2258 2279 1'88!) 2'470 

-
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". ' R~marks.-On -th,e. f\tr,e.ngth, 'of c,oncr:ete prisms , ;re;Ln' 
• forced '\'Vith 16~git~di:Q'al rods boiin(J 7 'tQgetheJ: wi~h 
~ ,crOss tles:t-.', .. , ' 

" 
." Lengt,h. ot'-prism' '24 :in'ches . . . 
Cro~s s~ction 6 x 6 ' 36 square inches. . 
Strength of co~'ci.e.te' prism .l:2:2 IV. b. 1" age" 84 'days 
. = 1836 lbs: ,p~r, square inch. ," . 

Strength o~ 'C'Qncrete reinforced with 4 iron r ods , % inch 
, dIameter with cros s ties of wi.re 3-16 inch diameter 
-average age. 64 days = 2248 lbs. per square i;nch. 

Difference due 'to r~inforcement = 588 Ibs. per square 
' inch. ' 

Area of 41rods % inclt diameter = 0.4416 square inch. 
Resistance at elast ic ' limit = 16780 lbs. ' 

16780 
Resistance per square inch 'of prism = ---= 466 lbs. 

36 
per square in~h. 

Hence the longitudinal rods contributed rather more 
than would be represented, by the ela stic limit of the 
material, t he differ ence is probably 'due to the ties. 
Strength of concrete prisms 1:2:3 IV. b2 to IV, b\ age 

, 79 days (mean) = 1468 lbs. per square inch. 
Total str ength of prism reinforced, with 4 iron bars % 

, inch diamet er. (mean) = 2086 lbs. per square inch. 
Difference due to reinforcement = 618 lbs. per square 

inch. 

H ere a lso t he increase is greater than that of the 4 
rods at their 'elastic limit. 

The experiments on the concret e of similar composi
tion but of differ en1 ages is shown in this table and in 
IV. d. 1, 2, 3, and IV. e. 1 and 2 the effects 'of repeated 
loading and unloading are shown. 

The strength of the concrete prisms IV. f. 1 and 2, 
consisting of cement, sand, and % inch basalt shivers 
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in the proportion of 1:2:2 having 4 rods .lh inch diame~er 
and 2 and' 5 cr'oss ties respectively gave a 'mean Y~lue of 
2666 lbs. per square inch. The ~ean re~ist;lDce of two 
similar prisms not r~inforced, IV. d. 1 and. 2 was 2Q07 
lbs. per square inch, but . the .age was 32 ~ays greater, 
the differ~nce '659 lbs. ReI;' square .inch .·if1l. f4ere~ore be
low the am<?_unt contributed by the reinfOl"cement. ~he 

actual resistance of the four. V2 inch rods at their elastic 
limit is about 827 lbs. per squat::~ inch, and the cross 
ties must have contributed somethi~g. , 
. The mean strength of the prisms IV. f. 2 and.3, similar 
in every resp~c~ to the foregoi.ng, .bu~ w.itl;! 4 r6~s % iD;ch 
diameter , a~d 10 a nd 15 cross ti~.s ~espectiv~ly, was 2619 
lbs. per square inch, 01' a difference due to reinfol'cement 
of 612 lbs. pel' square inch. Here the 4 r 'ods % inch 
diameter would contribute about 466 lbs. pel' square 
inch, leaving a differ ence of 146 lbs. per square inch to 
be supplied by the cross ties. 

The mean strength of the reinforced prisms IV .. g. 1 
and 2, 182 days old was 1803 lbs. per square inch, and of 
similar prisms unreinforced, but 21 days 'Qlder, 1555 lbs. 
per square inch ; IV. d. 3 and IV. e. 1 giving a difference 
of 248 lbs. per square inch only, which is only about haH 
as much as the act ua] resistance of the reiuforcement . 

The mea,n resistance of the rei'nfor·c~d prisms IV". g. :: 
and 4. 173 days old, similar to IV. g. 1 a nd 2, but with 10 
and 15 cross t ies respectively, was 1985" lbs. per square 
inch, which compar ed with similar unreinforced prisms 
30 days older shows a difference of 430 lbs. pel' square 
inch, due to the reinfol'Cement, but although t his would 
account for the resistance contributed by the rods, it is 
below what might have been ~xpected from the rods 
and cross ties combined. 

The prisms IV. h. 1 and 2 are reinforced with 7 griLls, 
each consisting of R bars 3-16 inch .in diameter arranged 
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transversely. These prisms gave .a mean strength of 
2398 lbs. per square inch at 106 days, or an excess of 391 
lbs. per square inch over simiIa.l' prisms not reinforced 
but 192 days old, S'o that the value of'this kind of rein
forcement appears to be not 'as good as the longit udinal 
r od's ·and cross ties of the same volume. 

on crete r einforced by longitudinal rods.-Tabl s IV . . 
lll .·:md IV. i-:. ·and Figs.' IV. m. and IV: k. give the results ' 
of' testing con~r~te 'prisms octagonal in cross section, 
havi~g an area of 2~":75 'square inches. The lengths of 
t hese prisms were 24 and 12 inches res~ectively. The 
object of these .t est s was to ascertain the effect of rein
forcing with soft wire 'spirals with and without longi- ' 
tndina] r,ods of steel. 

M. Considere has pointed out that when concrete' 
prjsms r einforced with longitudinal rods are allowed to 
set in water the roqs ar e ext en'ded, due to the swelling 
of the concrete, and when allowed to set in air they are 
compressed. 
The expression 

p . = E. A, 

is true only when As includes t he initial strain due to 
shrinkage as well as t hat due to the appli:ed load. The 
init ial stress up'on the longitudinal rods in a concrete 
prism set in ail' may be verv near the intensitv of . \ . 

f\tress at the ' 'elast ic limit of the metal, and thus the 
rods begin to deform plastically witIr very moderate 
intensities of stress and 'contribute very little to the 
strength 'of the prism. The strength in any case cannot 
differ much from that due to the sum of the resistances 
of the concrete t o crushing, and t o the r esistance of the 
rods up to the elastic limit of t he metal. 

If A = the area of cross section of prism. 
a = the a:.rea 'of 'r ods. 
c = the c'ompressive strength of the concrete. 
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w = the tota l load carried. 
Then, 

Es ) w = c (A + E e a , 
I 

In IV. m. 1, the shortening of the prism per inch with 
a. ,stress of 1806 lbs. per square inch was 0.000725 inch, 
corresp'ollding with a stress of 21750 lbs. per square 
inch. If we add to this stress, the iIIitial stress due to) 
shrillkage, say 7,000lbs . square illCh, we have 28750 lbs . 
per square inch as t he total iIItellsity of st ress OIl the 
r ods when the "prism is under a stress of '1806 lbs. per 
square inch. . t 2409 lbs. per square illCh, whell the 
prism fractured, the stress on t he rods would be mu ch 
g reater, so that ther e is very small margill r emaining 
which is a vailable in the -case 'of a reillfor ced prism. 

oncrete r einforced with trallsverse rods or grills .
The t endency to shear along oblique planes is resisted 
by rods whether t hey are. arr allged paralJel with or at 
right angles to the directioll 'Of pressure, ill cOllsequellce 
of the equality of t he iIItellsities of shearillg stresses 
OIl plalles at right angles to each other, so that tra lls
v'er se rods behave ill a ma llller very similar to longi
tudinal rods. 

COllcrete prisms reiIIforced by meallS of spirals of soft 
iron or steel wire.-M. COllsidere has ShOWll that a prism 
of salld r eillforced by a cont illuouS shell offers 2'4 times 
the resistallce of the sand wb'ell r einforced by longi
tudillal r 'ods of the same weight as the shell, alld be 
infers that spirals or hoops are 2'4 times as effective 
as the same weight o.f met al arrallged as 10llgitudinaJ 
rods ill a cOllcrete prism. The spirals are iII ferlSlOll 
from the swellillg of the COIl crete which is much smaller 
thall the longitudinal shortenillg of the rods, and con
cret e reinforced by spirals can sustain great deforma
Hons without injury to either metal or concrete. The 
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compressive resistance of a 'concrete prism reinforced 
with spirjl,}s and longitudinal rods is the sum of the 
r esistanc s due to:-

1. The compressive resistance of t he plain coneI' te 
with'out r einforcement. 

2. The compressive resistance of the longitudinal rods 
up to their elastic limit. 

3 . The compressive l'esistan e which would have been 
produced by imagillary longitudinal rods at the 
elastic limit of the material used in t he spirals; 
the volume of the imaginary rods being 2'4 times 
that of t he spiral. 

.Remarks.- On the compressive strength of reinforced 
concrete prisms, octagonal in cross section:-
Area 29 ·r;:5 sq uare inches, F ig. IY . m., length = 12 

inches. 
No. 1. Compressive strength of concrete, prism not 

r einforced = 2409 lbs. per square inch. 
No.2. Reinforced with a spiral 5 inch in diameter of 

w.Jl'e 0'2 inch in diameter = 4220 lbs. per squat"" 
inch. 

Increase due to spiral = 1 11 .lbs. per sq uare inch . 
Ratio '.)f area of metal' t o concrete = ·022 

'022 x 39000 = 858 lbs. per square inch . 

. 1811 
RatlO - - = 2'1 

858 

The efficiency of the spiral over an equal volume of 
metal arranged as longitudinal r'ods = 2'1 t imes as 
great . 

. No.3. Total compressive strength = 45171bs. per sq. in. 
Resistance 'of ~spiral from last t est = 1811 " " 
R.esistance of concrete ........ = 2409 

" " Increase in strength due to 6 Bessemer steel rods % inch 
in diameter = 297 lbs. per square inch. 
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Area 'of rods = 6 x 0 '196 

== 1'176. . 
Limit of elasticity of metal = 37770 1bs. per sq. incb. 
Resistance of the rods if unstrained befure t esting -

1·175 x 37770 _ . . = U90 lbs. per square IDcb. 
29·5 

Hence these rods did not contribute their full resist
ance in consequence of the initial compression due to 
shrinkage of the concrete . 

. N'u~4: The total stre~gth of concrete prism reinforced = 
3158 lbs. per square inch. 

Increase due to spira l = 749 lbs . per square inch. 

Here the . ratio ~~~ = 0·87. Wher eas a similar test, 

No.2, gave a ratio of 2'1. 

No.5. The tOtal strength of the reinforced prism = 5421 . 

lbs. pel' square inch. 
Increase due to reinforcement = 3012 lbs. per square 

inch. 
Assuming that the spiral contributed 1811 llbs. as in No. 

2, the incr ease due t v rods = 1201 lbs. per .square 
inch. 

10 Bessemer steel rods % inch diameter having an 
elastic limit of 37770 lbs. per square inch -
1'104 x 37770 

29 ·75 = 1400 lbs. per squa!'e inch. 

In this case the r'ods appear to have contributed 
nearly their full amount, assuming the spirals contri
buted the same amount as in No.2 t ests. 

Concrete prisms 24 inches long, Fig. IV. k. 
No. 1. Compressive strength of concr ete prism, not re, 

. inforced = 2786 lbs. 'Per . square inch. 
N·o. 2. Reinforced with spiral 5 inch diameter of wire 


