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(2) Surface irregularities should be mi lma_.

3. Discuss·on.

2. ~plicabil.i ty. This lefter is applicnb c to all divisions and
districts h~ving the .responsibil.i. ty for the des .i.gn and construct ion of
Civil Works projccti.

Property of
Flood Control District of MC Library
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1. Purnosc. The ~pvrposc q,:f this~TL .Is to discuss detailed fact:):':,
which mllst be cons~de.red in th~, application of criteria presented in
paragraph 14 of EM'olflO-2-1601: "Hydrau ie Design of Flood Control
Channels", to the iaesign'ofgraded stone riprap channel protection,
present additional hydraulic design guidance, and suggest a coordinated
~ffice design procedure which should be ~dopted.

*Subparagraphs and equations indicated in the'text, unless otherwise
noted, or found in paragraph 14, EM lrlO~2-1601.

a. Riprap Physical Characteristics - Design Phase. The stone
shape *(paragraph 14c), gradation limits (paragraph 14h) and laye
thickness (paragraph 14i) are rip ap material parameters for which
equations (33) and (34), using 0.040 for coefficient "a" indicate tr;e
ability of the riprap to resist boundary shear. The criteria are
sufficiently broa to encompass the usual iprap materia produce.
from many acceptable quarries. A grizzly or similar type processi g
operation may be required to obtain acceptab_e riprap material from
some quarries. Riprap material which fails to meet the criteria for
gradation limits or stone shape is not capable of resisting the same
amount of shear as indicated by the value of 0.04 for "a" in equation
(33). J\s sufficient information is not available on which to base
an adjustment of "a" for such material, sufficient samples should be
tested during the design stage to determine its strength, gradation,
and stone-shape limits within which material can be produced without
undue waste. Sample test installations should be made in varying
layer thicknesses to establish the layer thickness required to produce
an acceptable protective blanket, giving consideration to the follow~ng:

(1) Al stones should be contained reasonably well within the
layer thickness.
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(3) If pockets of smaller stones are presel t, the strength of
the riprap material in these pockets may be determined by using the
spherica diamete of the average size stones :cn equCltion (33).

(4) A g adation which is tleficient in sma.ler stones will have
;111 excessive y i rregul aT surfacc :md openiJll:~s may traverse t e laye,
1")'011\ top to b,)t ,I'JIJ. In t]"is C;IS(', :'n inert'lsl' il .ay(,1'·1 ~c' 1C";S 2'lr1

til)';!.',' I)·t~dinl', 1'" t c-riDI \\" 1ich loJUll't' lol ');1' t:ll'ni".ll ", V);t'~ ,,'I')." 1

he as<.'d. The stl'vngth uf the lipr;'p m,-~tcTia~ Dl:ly be tll'l:.(';:'I!IU1el~ by
using a stone size diameter somewhat less than the average size, based
on judgment, in equation (33),

(5) Careful examination shou d be matle of the in place position
of elongated and/or slabby stones which fail to meet the shape
criteria. If these stones are we 1 keyed ruther than lying loosely
on the surface and the provisions of subparagraphs (1) and (2) above
are satisfactory, the material should be acceptable. Elongated and/or
slabby stones which lie on the surface should not be considered as
contributing to riprap strength.

(6) Other reasonable assumptions should be made based on experience
and judgment. For example, if riprap mater'al from a quarry can be
correlated with previously tested and acceptel materials from similar
type quarries, it may be possible to establish reasonable design
strength aJ1d s ccification requireme ts for t} e material.

In s mmary, the discussion in this paragraph emphasizes the need to
supplement the guidance given 'n EM 1110-2- 601 with the considerations,
outlined above, in order to s eclfy ri rap shape factors, gradation
limits and layer thickness, as well as to determine riprap strength.
This discussion also applies to the use of "quarry run" material for
riprap protection.

b. Design Aids. Inclosures 1 through 3 are tables showing riprap
gradation limits for various specific weights (SSD), layer thicknesses
and design factors as follows:

(1) Inclosure 1 corresponds to design factors indicated in
paragraphs l4h and i, except l4i (3) .

(2) Inclosure 2 corresponds to the design factors indicated in
subparagraph l4i(3).

(3) Inclosure 3 duplicates inclosure 2 except that the W50 maxi­
mum theoretical stone diameter is one-ha f the increased layer
thickness and the W15 maximum limit is increased correspondingly.
Riprap material corresponding to these g adation limits should be con­
sidered lvhen placed in the dry at locations subject to turbulent flow
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The tables show stone weig ts to the nearest ound w ich may be
rounded for design and specification pur)oses.

caused by energy dissipators, b icge piers and a utments, etc. This
table modifies instructions contained in JSWES, IIOC, SHE'T 712- ,
Rev. 9-70.
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c. Riprap Physica Characteristics - Construction Stage. Duri g
construction, the riprap material should be inspected using paragraph
14m for ~lidance. The specifications should include provisions for
sample testing by the Contractor. Payment for testing should be made
only fOT those samples which meet the specification requirements. In
spite of extreme care in the design of riprap protection, the Con­
tractor may experience difficulty .in meetirg the specifications for
gradation limits and/or stone shape due to particu ar quarry and/or
production problems. If the Contracting Officer should desire to
negotiate a change in the riprap specifications a careful review of
the specifications, considering the additional guidance given in
paragraph 3a above, should be made by District design personnel.

d. Additional Hydrau ic Design Guidance. The following additional
guidance, which supplements the guidance presented in EM 1110-2-1601
is applicable to the hydra 'lie design of ri.rap channel protection:

(1) Initial y water surface computations invo ving the determina­
tion of design flow depths and velocities should be made on the basis
of friction coefficients which corres and to a trial riprap installation.
Appendix IV of EM 1110-2-1601 and USWES, I-DC, SI-EfTS 631-4 and 63l-tl/1
describe procedures and provide design aids or determining composite
channel roughness coe ficients.

(2) As roughness coefficients cannot be determined precisely,
somewhat low rather than high roughness values will produce conservative
riprap protection. Accordingly, the effective or equivalent riprap
roughness, k, corresponding to the minimum 050 stone size should be
used in I-y raulic Design Chart 6.31-1 to determine roughness coefficients
for use in water surface computations. Similarly, expansion, contraction,
bend and other losses which are included in the water surface computations
should be estimated conservatively low.

(3) Next, the design flow depths and velocities resulting from the
trial riprap installation shou d be used in equation (32) to determine
local boundary shear values. The boundary roughness should be ased
on the maximum limit 050. stone size to a tain conservative ocal
boundary shear values for design. When velocities l1eQr the riprap
boundaries arc ava.i.la Ie from mo( el tests, prototype measurencnts or
other means, the follo\ving equation 8- 3 from Chow's "Open Channel
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be used to determine the local boundary

local boundary shear, lbs

=yT
o

y depth above boundary corresponding to v

k equivalent roughness, ft

v local velocity, fps

T
o

~--Gi-"""Ie-T_-Js-i""..t;;'-y--.-~-; fl-~~s--

where:

Inclosure 4 is a graphical aid for solution of this equation.
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Ilydraulics" , 1959 edition, may
shear:
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(5) Finally, the amount of shear that the trial riprap protection
can withstand, called the riprap design shear, should be determined by
equations (33) and (34) for the minimum 050 size stone. If the local
boundary shear is within a reasonable range of being equal to this
design shear, the trial ripr.ap stone sizes are satisfactory for design.
I~wever, if the local boundiiy shear is appreciably greater or less

I

•

(4) Equation (32) is based on the assumptions of fully rough
flow conditions illld normal logarithmic vertical velocity distribution
produced by uni form channel flow. Fully rough flow conditions, in

...

the range indicated on I1ydraulic Design ChaTt 631, normally occur in
channels which require riprap protection, but significant deviations
from the normal logarithmic vertical velocity distribution occur in

I channels which have non-uniform cross sections, varying slopes and
different bed and bank roughness coefficients. Thus, wlless a uniform
channel cross section with identical bed and bank riprap material occurs

.. on a constant slope over a sufficient distance to produce w1iform
II channel flow at normal depth and velocity, maximum local boundary shear

values will be greater than indicated by equation (32), due to greater
localized velocities and pressure pulsations. As the effects of
contributing factors to deviations from normal logarithmic vertical
velocity distribution have not been' established, values of local
boundary shear computed from equation (32) should be increased by a
factor of 1.5, except when flow is at or near normal depth in a channel
with uniform cross section and equal bed and side roughness. The local
boundary shear should be increased additionally in bends as indicated
in EJ. 1110-2-1601, Plate 34.
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(3) Hydraulic desig personnel should check the adequacy of
the available mateTial for use in providing the required riprap
protection.

(2) Foundation and materials personnel should assess the
physical chaTactcTistics of available material, as discussed in
subparagTaph 3a above.

(4) Finally, a coordinated review of t e Tiprap design should be
made by both hydraulic design and foundation and materials personnel
and modifications accomplished in the riprap design where indicated .

it.'
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4. Suggested'District Office Procedure. OCE review of the design of
riprap protection, submitte<1 in accor<1ance. with EM 1110-2-1601 guidance,
has in some instances indicated that proper distribution of the design
effort between engineering disciplines was not accoJ1lpl i shed. In
general, the following procedure should be adopted:

(1) Hydraulic design personnel should make sufficient preliminary
hydraulic computations and analyses to deterlline areas which may
require riprap protection' and establish pTeliminary Tiprap material
requirements.

than the design shear, then the computations should be re eated for
a second trial riprap installation, wit the stone sizes being greater
or smaller, respectively, than the sizcs used in the first trial
computations. 'P.1e trial-an<1-error comput:.ltjons s ould be repeated 1 til
local boundary and design shears are reasoJlab y equal and further
refinements wQul<1 not result in a significant change in stone sizes
3.Dd riprap layer thickness. Tria -and-error StOllC sizes should
corrcspond to 3-inch modules in riprap layer thickness, such as 12,
15, 18, 21, etc. inches.

5. Design Example. A tTapezoidal channel with SO ft bottom width and
I on 2.5 side slopes fOT a design discharge of 7,500 cfs is to be
provided in natural sand and gTavel materials having an estimated
effective Toughness Tange of 0.5 to 0.8 ft. As a first trial, it is
assumed that the sides only will be Tiprap ed and the following Tip­
rap material (Sp. wt. = 165 Ibs per cu ft SSD) will be placed in an
18 inch layer.
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10/1 10 and K2

1.5 x 0.0135 x (11.5)2

T 3.60 1bs for sq ft and K
1

,-' = 0.82 x 3.60 = 2.95 Ibs per sq ft

T
o

design shear, using the minimum IiSO stone si.ze =: 0.88 ft., for
trial riprap gradation, as c.letermi ned from Plates 35 ;:md .36, is:

The
the

For this gradation, the mini,mum IJSO stone size is 0.74 ft and the
corresponding Jesjgn ~hcaT is 0.82 x 3.0 =: 2.4() Ihs ]lor sq ft. 1\s this
value is less than the Jocal boundary she:lr t1etcrJllincd rOT' the Fi rst
trial riprap gradation <.Jlld the slJlal lor size St.Olle: in tht: IS·,inch l:tycr

As the design shoar exceeds the local boul1clary shear by a significant
amount, the possibility of using a IS-inch riprap layer thi.ckness
should be checked. [n accordance with parographs l4h and i of
EM 1110-2-1601, the IS-inch layer thickness would require the following
riprap gradation:

I
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rrom EM 1110-:2-1601, Plate ::;0, the DSO size of thc trial riprap
material ranges frolll 0.88 to 1.0 ft. Fr i et.ion coeffLci cnts for use
in the water surfo.ce cOlllput:ltions should be determined for the range
of expected design depths by the procedures clescr'bed in EM 1110-2-
1601, Appendix IV. Inc osure 5 dlustl'atcs tll\.' co,nputational procedure

,for the detenni.n'ltioll of the friction coefficient based on boundary
roug}mess for :l tOft depth. 1\SSIIIll i n~', th:1 t the \~:1 t <..'1' su rfClce

computations, based on the detcl'IlIin<..'d frictioll nwfficients alld
conservative estilllLltes of other loss\'~;, result" in:.1 depth of 10 ft
for the design discharge of 7,500 cfs, the corresponding 8verage
velocity in the channel sect'ion is JO fp'~ .. 1\s t.he channel bed is
smoother t.han tht' r'ipr:lpned sides, the ;lvcl'age velocity in th:lt part
of the channel section verti,c:llly above t)IO bcd, \~hich \\Iill be
greater than the average velocity in the entire sect.ion, should be
used in determi.ning the local boundary sheaI' at the toe of the riprap
revetment. The computations in Inclosure 5 indicate that thi,s velocity
is 11.5 fps. From .cquation (::;~) and PI ate 32 for the max'il11um lISO stone
size equal to 1.0 ft and applYIng the 1.5 non-unIform flow factor,
the local boundary shear at the toc of the riprap revetment is com­
puted as follows:



would result in the local boundary shear being increased somewhat,
the l8-inch layer thickness and first trial riprap gradation should
be adopted. If by model measurement or otherwise it is known that a
velocity of 10 fps will occur 1.0 ft above the riprap toe, then from
Inclosure 4, the local boundary shear equals 2.70 Ibs per sq ft.
Thus, the IS-inch riprap layer is satisfactory as the design shear for
the corresponding riprap gradation is 2.68 lbs per sq ft.

6. ~equested Actions. In general, as evidenced by inordinate
emergency repair costs after major floods in some riprap protected
channels, the design, specifications, construction and inspection of
riprap protection needs to be upgraded. The design of riprap pro­
tection resulting from the guidance contained in EM 1110-2-1601 and
this BTL should always be reviewed in the light of experience and
judgment gained with riprap protection projects in particular areas.
In arriving at experience and judgment conclusions, careful consider­
ation should be given to whether or not design flow conditions have
occurred in the channel protection projects. In design memoranda,
letter reports and other media, design considerations and computa-
tions should be presented in sufficient detail to reflect compliance
with EM 1110-2-1601 and ETL guidance or use of procedures which have
been proven by long-time experience to provide adequate riprap pro­
tection in particular localities. If procedures which differ from
those presented in EM 1110-2-1601 and the ETL are used, the riprap
design should be checked against EM 1110-2-1601 and ETL guidance, and
the results of this comparison should be presented. If significant
differences occur, revisions should be made in the design as experience,
judgment and ETL considerations dictate. Surveillance provisions, as
discussed in EM 1110-2-1601, paragraph 14n, which will be made during
project construction should also be presented in design memoranda,
letter reports, etc.
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lL l1J.;:rd-?
. JOSEPH M. CALDWELL
~ Chief, Engineering Division

Civil Works Directorate

FOR THE CHIEF OF ENGINEERS:
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~IIGHTEq LIMITS OF LIMITS OF I_It/IITS OF LIMITS OF<.;TONE ,.r.JEIGHT STONE NEIGHT STONE :~EIGHT c;rONE tiE I GI-ITHi .Nc.IGHT IN POUlOS IN POUI\IOS IN POUf-JO<.; IN POIH\J[)C,'~CK.hJES - 12 INCHES Fi I hlCHES 18 I r\JCHEC; 21 INCHES
-

94 3rj 184 74 318 127 0)05 2f1,?28 19 ::); " 37 94 64 150 10114 6 27 12 47 20 75 :3,2

rrlKNE c, -', - 24 INCHEC; 27 INCHES .'30 INCHEc; 3:') I I\JCHE C;
-

L~I 754 302 11)74 42q 1473 589 1Q60 784223 151 310'3 21~ 436 295 581 392'5 1J.2 47 1~)Y 67 218 92 290 123I
INCHES 42 INCHES 48 INCHES 54 INCHEC;

HICKNEsS - 36-

~ 2545 1018 40i.1-.1 161b 6032 2413 8588 34j'j754 509 1197 80H 1787 1206 2S45 17:18l.e 377 159 ~9q 25.3 894 377 1272 537

(Page 4 of 7)



519
154

77

21 -INCHES

2015
597
298

54 INCHES

533
158

79

33 II\ICHES

8827
2615
1308

54 INCHES

33 INCHES

9065
2686
1343

2069
.613

307

LIMITS OF
STONE WEIGHT

IN POUt·K'IS

'21 INCHES

LIMITS OF
STONE Wf:.IGHT
: IN· POUNDS

131
65
20

134
67
21

605
303

95

622
311

97

2480
1240

3fj7

2547
1273

398

18 INCHES

327
97
48

30 INCHES

18 INCHES

48 II\lCHES

336
9<~

50

30 INCHES

48 INCHES

LIMITS OF
STONE wEIGHT

IN POljNDS

J.S14
448
224

LIMJTS OF
STONE 'rJEIGHT

IN P'OUNOS

1554
461
230

6199
1837
918

6367
18(.\7

943

76
38
12

78
39
12

44'1
221

69

453
227

71

1661
831
260

'1706
853
267

27 INCHES

15 INCHES

42 INCHES

189
56
28

27 INCHES

L.IMITS OF
STONE wEIG.HT

IN POUNDS

15 INCHES

42 INCHES

194
58
29

LIMITS OF
STONE IfvEIGHT

IN POUNDC;

1103
327
163

4153
1231
b15

113:5
3~~6

168

4265
1264

632

4,1

21)

310
15')

48

31<')
159

lOLJ.h
523
163

1074
537
16H

24 INCHES

36 INCHES

12 INCHES

LIMITS OF
STONE v~E.IGHT

I N POtJr~Dc;

36 INCHES

12 INCHf-S

24 I !\JCHES

97
29
14

LIMITS r)F
STONF Wf:.IGHT

IN POU!'JDS

gq

29
15

775
230
115

796
236
118

2615
7/1:)

387

2686
79f>
398

r '·n CKNESS -

r'4I 1 KNESS -

rH ICK~~fS"; -

1 () I

• " J I,'

. ·ETL 1110-2-120
14 May 1971

9 J FCIFIC WEIGHT = 185 UiS/CU FT T=(.0I)D(lor",)MI\>(;1.5QD(50)MI\)(

TI-tICKNEc;S -

1. f)

:J(

1,

;h LIGHTER
Hf ,~E.IGHT

1 .1

~ II
1'-)

t...,..Jh lFI( NEIGHT = 190 LRS/CU FT T=1.0. 1 D(100)IY1A>(;1.50D(SOH-1AX

1p.,
h, '\) l·

1")

-!f-. 1.,IGt-1TER
.~-( I,E IGHT

TrlICKNES:~ -

I.,
I'
•I
.1
I
.­
I

-Ie
I

-­
I
•
I

J
I

eI
I~,



-.
I·

~)I.Jl:.~ j.' 1<'" \J~ L . .).. 0,,1 I I
_. .L :1...; Lt) ...-', J \.l. U' ) 111i\.'.L .",JU I...;U I

LIMITS OF LIMITS OF LIMITS OF LIMITS OF
~ LIGHTER STONE V\JEIGHT STONE wEIGHT STONE wEIGHT STONE NEIGHTBY 1JE I GriT IN POuNDS IN POUNDS IN POUNDS IN POUI\lOS

Tr-JICKNESS :: 12 INCHES 15 INCHES 18 INCHES 21 INCHES

l'ln 102 41 199 80 345 138 547 219
5[1 30 20 59 40 102 69 162 109• 15 15 6 30 12 51 22 81 3L~1

THE KNEc.;':; - ·24 INCHES 27 INCHES 3f) INCHES 33 HKHES'1
-

10 817 327 1.163 ·/+65 1~9~i 638 2123 8/ l 9• '5 il 2L~2 163 .)/:·5 23~ . L~ 73 319 62~~ 1·~2'5

1 1 c" 121 51 172 7 ~~ 236 Ion 315 13)

THICKNES':; - 36 INCH[S 42 IrKHES L~8 I !:KHfS ~)4 INCHEsd
-

10 2757 1].03 4378 1751 653':.; 261'+ 931)1+ 3 72~)

SU' 817 5">1 1297 876 1936 1307 27'::)7 1861

I 1'5 408 172 649 274 968 408 1378 582

24 INCHES 27 INCHES 30 INCHES

838 3.')5 1193 477 11)36 65L~

248 168 353 239 485 327
124 52 ITi 75 242 102

30 I ',jCrlES 42 INCHES L~8 INCt IES

2827 1.i.3·i 4'+90 1796 6702 2081
838 56S 1330 898 1986 1340
419 11'1 665 ~81 993 419

21 INCHES

561 2~24
10C) 1 J.2
83 35

2178 871
645 L~36

323 136

3,j II\JCHES

54 INCHEc.;

9543
2827
141'+

L. I f'''lI TS OF
.STONE 'NC IGHT

I I~ POUNDS

141
71
2?

18 INCHES

353
105

52

LIMITS OF
STm~E \/ljEIGHT

I I'll POUNDS

32
41
13

T=1.0DD(li)i )MAx;.1.:-l00(50)MAX

15 INCHES

LIMITS OF-­
STONE 1f~EIGHT

IN POUNDS

2f15
61
30

Lf-3S/CU FT

'-l·2
21

7

12 I1KHES

L !f'..1.l TS OF
c:; TONE 'liE I GriT

IN 00,jNOS

105
31
16

inICK:\,!EC;S -
I

-le,cclrIC wEIGHT = 2'1

I 't L_ I GHTER

• rlY liE I GHT

I 'f -r./NEC·- -i-' 1 .~", )'J

I·~

'I Incl ~P"b""~ 0 of 7)

I If)
5,'

• 1 '-,

'ITHT'''KI'IEC:c- -
. 1 \. 1\1 .....,)



21 INCHES

LIMITS OF
STOr~E wEIGHT

I N POU~\JDS

18 INCHES

LIMITS OF
STONE \NEIGHT

IN POUNDS

LIMITS OF
STONE vvEIGHT

IN POUNDS

15 INCHES12 INCHES

LIMITS OF
STONE wEIGHT

11\1 POUNDS

107 43 210 84 362 145 575 23n
32 21 62 42 107 72 170 1 'I ~)

16 7 31 13 54 23 85 36

24 INCHES 27 INCHES 30 INCHES 33 INCHES

8'')9 343 1223 489 16Tl 671 2232 893
25 LI- 172 362 24~ 497 3:35 6n1 446
127 54 181 76 248 105 331 140

36 INCHES 42 INCHES 48 INCHES 54 INCHES

2898 1159 4602 1841 6870 2748 9781 3912
8"9 580 1364 920 2035 1374 2898 1956
429 18l b82 28,"', 1018 429 14L~9 611.

1 Psge 7 of 7)

rHICKNEsS -

lor'
50
15

fHIO<NESS -

110rl
'SO
1~

-.
I 14 i'ely l.':JI ...

. 's I)ECI F I C wEI GHT = 2 0 5 II B5 YCl} , F T -' ur=1. 0 (J 0 ( 1 0 0 ) MA'>( ; 1. 5 0 D (5 0 ) [vI A'>(

~. LIGHTER
HY lftJEIGHT

1-TI ~ TCKr\l ESS ­

• . 1n (I

I 50
15

-Ie
I

--.
I
•
I

J
I

eI
1_

, In



I, El'L 1 0-2- 20
14 May 1971

-f SPECIFIC ~'JE I GHT - 145 U3S/CU FT T=1.500(10nlMAK;2.250(501MAX-

LIMITS OF LIMITS OF LIMITS OF LIMITS OF% LIGHTER STONE \vE IGHT STONE iJE I GHT STONE WEIGHT STONE WEIGHT

I"
t)y WEIGHT IN POUi'llDS I POUNDS IN POU OS IN POUNDS
THICKf~ESc) = 12 I CHES 15 INCHES 18 Ii'JCHES 21 INCHES•

76 30 121 Lf81 1')1) 22 9 44- 18")0 7 4 13 9 22 15 36 2415 3 1 7 3 11 5 18 8.- T~'I I CKNES':::' - 24 INCHES 27 INCHES 30 INCHES 3-3 INCHEC;
-

I lOr, 180 72 256 102 351 141 468 18750 53 30 76 51 104 7() 139 9415 27 1.1 38 1n 52 2? 69 29.- THICKNESc.:; - 36 INCHES 42 ~JCHES 48 INCHES 54 INCHES
-

1 1 C') 607 243 964 386 14-+0 576 2050 820C')O 1<'30 121 286 193 427 288 607 4.1015 ColO 3R 143 60 213 90 304 128

-Ie
1 ,:>Pr-CIFIC l,vEIGHT - 150 LAS/CU FT T=1.5001100lMAK;2.250IS01MAX-

OFLIMITS JF LIMITS OF LIMITS OF LIMITS

--
% LIGHTER c; TOI-..JE ""EIGHr STONE NEIGHT STor-.JE 'IJEIGHT STONE "",EIGHTfj ( "JEIGHT IN POlhJUS IN POUI\IOc.; IN POUI'IlOS IN POUNDC;
1HICKNES'''; - 12 INCHES 15 I f-JCHES 18 INCHES 21 INCHES-

1 10 I, 23 9 45 H~ 79 31 125 511• "SO 7 h; 13 9 23 16 37 2~)15 3 1 7 '3 12 5 18 8I
THFKNEs'-, - 24 INCHES 27 INCHEc, 30 INCHES 33 I NCHE'.:;-

186 74 26~ 10;:' 364 lLf5 484 1U 4'J I) 5") 37 7'-1 53 108 73 ,143 (171') 28 12 39 17 54 23 72 30

rl-:l~KNESS - 36 INCHES 42 INCHES 48 INCHES 54 INCHES
-

·1 l') II 628 251 998 39\.;' , 1489 596 2121 BLf8') II 186 126 296 20 (I 4'+1 2g8 628 42'+-- 1S 93 39 148 62 221 g3 314 13')

2 (Page 1 of 7)Incl



52
26

8

200
lOll

31

5=~
27

8

fiT!
438
137

206
103

32

905
452
141

21 Cl ;

6,-+'-'

,~? ')

'-)10
15~

76

L,l '\II, ~c:, OF
S rONf: I'JE.IGHT

I I\i '->i)i JNOS

670
335

21 IrKHES

54 INCHES

L I 11;'1 rS OF
C, Tor'Jt: ''H-~ I GH T

I f\; JO,JNOS

32
16
o

34
17

5

150
75
23

Fi~

78
24

635
318
9~)

81
24
12

18 INCHES'

30 INCHES

84
25
12

376
111

56

48 INCHES

LIMITS OF
STOI\JE 'NEIGHT

IN POUNDS

J8 INCHES

30 INCHF.s

1539
456
2;28

3A8
115

57

48 INCHES

LI (V1 ITS OF
STONE IIJEIGHT

IN POlmos

1589
471
235

19
q

:3

111l
5',
17

19
10

3

412
206

64

113
57
18

426
213

67

T=1 • 5 () DI1 [) n ) MAl( ; 2 • 25 C(5 I) ; 'f.\ '

15 INCHeS

47
14

7

27 IrKHES

42 INCHES

LIMITS OF'
STONE \}f~ IGHT

IN POUNDS

15 INCHES

48
1 L~

7

274
81
41

27 INCHES

42 1I'ICHES

LIMITS OF
STONE "JEIGHT

IN P()UNDS

283
84
42

1031
305
153

1064
315
158

5
2

If)

77
38

10
5
2

2flO
130

41

79
40
12

268
134

42

12 INCHES

2 Lf II\ICHES

36 INCHES

LIMITS OF
STONE \vEIGHT

IN POUlOS

24
7
4

12 INCHES

24 Ii'KHES

36 INCHES

LIMITS OF
STONE 'vEIGHT

II'I POUNDS

25
7
4

192
57
28

E'rL 1110-2-120
14 Hay 1971

SPECIFIC ~EIGHT = 155 LBS/CU FT T=1.50DI100IMAX;2.25DI50lM4X

THICKNESS -

% LIGHTfR
RY wEIGHT

THICKNESS =

1 e:
-'

10il
50
1 '5

lO :)
50
15

Incl 2 (Page 2 of 7)

-.
'I,.,
·1".'I
.­
I

J THICKNES<.-

I

-Ie
I SPECIFIC WEIGHT = 16a LBS/C~ FT

.. % LIGHTER
• BY wEIGHT

I
THICKNESS ~

10(1
• SO

I
THICKI'JESS -

.lID"
50I 15

_. THICKNESS ­

.. 101',.0
..... 5



'I,
ETL 1 10-2-120., 14 May 1971

SPECIFIC INEIGHT - 165 LRS/CU FT T=1.50D(10GlMAX;2.25D(SOlMAX-
LIMITS OF LIrvlITS OF-- LIMITS OF LIMITS OFI' % LIGHTER STONE WEIGHT STONE WEIGHT STONE NEIGHT STONE wEIGHTn'( \vEIG~H IN POUNDS ' IN POUN'OS IN POUNDS IN POUNDS.. THICKNES':; - 12 INCHES 15 INCHES 18 I r'JCHEs 21 INCHES-

10" 26 10 50 20 86 3~ 137 5"50 8 S 15 10 26 17 41 27

1 15 4 2 7 3 13 '5 20 0

I
THICKNES'-, = 24 II\JCHES ;(7 INCHES 30 INCHES 3:3 INCHES
10l) 205 82, 292 11.7 400 160 532 21:-50 61 41 86 St.! 119 80 158 1 'h)

1 15 30 13 43 18 59 2') 79 3 "

TH I CKNES':, - 36 INCHES 42 I NCHEt; 48 INCHES 54 INCHES1 -

10 (I 691 276 1098 439 1638 A:')') 2333 Q3 "
"in 205 138 325 2~' f) 485 32,<) 691 467Ie 15 102 43 163 69 243 In2 346 146

1 SPECIFIC ''JEIGHT - 170 UiS/CiJ FT r=1.50D(10n)MAX;2.?'5D(~0)MAX-

I LHHTS Of=- LIMITS OF LII'v1.lTS OF LIMITS ot='l~) LIGHTER STONE ,~JE I t3HT C; TOI\IE \rVE IGHT STONE 'liEIGHT STONE wE I,GH rfW ,vEIGHT I hI POUt'JUS HJ POUt·iDS IN POljf\l[)S IN POUhlDS

I rI-lICKNESt., - 12 I NCHF:'c) 1'5 INCHES 18 INCHES 21 INCHES-

• 10(' 26 1 J 52 21 89 36 141 '-)7

1 50 8 '') 1'1 If) 26 18 42 2815 4 2 8 3 13 6 21 u

I fHICKI-.JESS - 24 HJCHES 27 If CHES 30 INCHES Y:\ INCHES-

10 \ 211 84 300 120 412 165 548 219

I 5(1 63 42 89 60 12? 82 163 liP15 31 13 45 19 61 26 81 34

I THICKNESS - 36 I CHES 42 INCHES 48 INCHES 54 INCHES-
10') 712 285 1131 452 168.:; 675 2403 961

tts° 211 142 3::55 226 500 338 712 48115 105 45 168 71 250 105 356 1'10

1 rncl 2 (Page 3 of 7)



9

60
30

232
116

36

1018
509
15°

22

150

")81
172
86

~!1 INCHES

:'S) niCHES

54 INCHES

2545
75'+
377

LI1VIITS OF
STONE I\IEIGHT

IN PO:JNDe;

38
19

6

175
87
27

715
357
112

lJ/+
?E.l
lLj·

113 INCHES

30 INCHES

//·:)6

1?9
(,5

48 II\lCHES

LH'1ITS OF
.:; r Oi' IE ,JE I GHT

I t,1 POUNDS

1787
530
265

22
11

:)

127
64
20

479
239

75

27 INCHES

42 I CHES

15 HKHES

LIMITe; OF'
STONE rJEIGIH

I N POUNO(~

:'S1E\
94
47

1197
3")')

1T/

11
6
2

89
45
14

302
151

47

24 INCHES

36 INCHES

12 HJCHES

LIMITS OF
STONE ,"'EIGHT

IN POUNDS

28
f)

4

223
66
33

754
2?3
112

I','

ETL 1110-2-120
14 May 1971'

L-11"1 J T'; OJ:' Ll rv,IPi OF LIMITe, OF LI ITS OF
% LIGHTER '; rO~II':: v'IEJGIIT SrONE dF.:HdH ';TO'JE wt=..IGHT S ONE I"'EIGHT
I~Y '\/EIGHT HI F'>OU1\IDS IN 1-'(lUND') 1 !,J POUI\!!Je; H~ POUf\lDe;

THICKNES'; - 1 ;;: lIKIIt"S 15 IIICHF.-:C, LH JrJCHES 21 I f\lCHES-
1.0 •. ?7 1 1 53 2J LJ? 37 1. t.6 58

'JU r) ") 16 ' , ? ( 18 113 29.L

15 '. ?- [\ ,1 1 'I 6 2;.' 9

THICKNES~) - 2 '-. J r lel'IES 27 I hICHE'::, ,'ill J/' WIn=: So 3.') INOIES-

10 1 217 EI7 j09 12'1 [~ ~"I J7(J 565 2:~6
51) 64 43 92 b? .l ;"') 135 167 113
15 32 }4 46 J. (.' b ~\ 27 8q· 35

THU:KNEc.:;S - 36 H~CtlES 42 I r\ICI~ES 1+(\ It /(:I-I[S 54 INCli[S-
1l) 73:.5 293 1164 4(J", 1 7 :3[' h95 2'+ 7L. ?90

SO 217 1'+ 7 345 2Y~ ~) :L I ) :",.8 73'::- 495
1") 109 1+6 172 73 .'257 109 367 15")

1. i'

~"
1~

THICKNESS -

SPECIFIC WEIGHT = 180 LRS/CU FT T=1.~O!J(10IJ)~AX;?.250(50)MAX

THICKNESS -

TtlICKNES'o -

% l_ IGHTER
RY ,'\/E IGHT

1

I·,
I~

;
I
I

~
I

lie
I
'I
I..
~
I

•-­
III



62
31
11")

63
32
10

245
123

38

If146
~23

163

154
46
23

597
177

88

21 INC lEe;

158
47
23

3:1 INCHES

54 INCHES

613
182

91

2615
775
387

LIMITS OF
STONE WEIGHT

IN POUNDS

21 INCHES

54 INCHES

2686 1[)7L!
796 5':> 7
398 1C)~3

LIMITS OF
STONE WEIGHT
'IN POlJf,IDC;

3q
19

6

6

40
20

179
90
28

735
367
115

184
92
29

97
29
14

18 I r'JCHES

99
29
15

30 INCHES

448
13:5

66

48 INCHES

LIMITS OF
e; TONE -NE I GH r

IN POUNDS

18 INCHES

30 HICHEC;

461
136

68

1837
54/J.
272

48 INCHES

I_IMIr's OF
STONE WEIGHT

IN POUhJlJS

le87 75'1
559 377
279 1'18

2:'
11

4

23
12

4

13J
h5
20

492
240

7',:

134
67
21

ETL 1110-2-120
14 May 1971

T=1.50D(10GlMAX;2.25D(SOlMAX

T=1.50D(100lMAX;2.2~D(50lWiAX

15 HJCHES

56
17

8

27 HJCHEc:;

42 INCHES

LIMITS. QF
STONE \'JEIGHT

IN POUNDS

15 HJCHEC;

58
17

9

327
97
48

LIMITS OF­
STor\JE vEIGHT

IN POUNDS

42 INCHES

336
9°
50

1231
365
182

1264 506
374 253
187 79

92
Ll-6

. 1l
6
2

12
6
2

.14

Yl+
47
15

310
1~~

48

318
159

50

12 INCHES

24 INCHES

36 INCHE'.;

LIMITS OF
STONE 'NFIGHT

IN POUNDS

29
9
4

12 INCHES

LIMITS OF
STONE 'N[ IC~HT

IN POUNDS

29
9
i+

230
68
34

TIS
230
115

2'+ J ~JCH[S

36 INCHES

236
70
35

796
236
118

10D
~.iO

15

THICKNES':, -

lOU
50

1 [) 'j

50
15

r Ii H KI\JfS, -

1 () (.

~O

15

• THICKNES':> ­

10 (i

I.~

•

I·
t/' SPECIFIC "EIGHT" 185 LRS/CU FT

I " % LIGHTER
RY WEIGHT

.. ' :~',:CKNES'-

50

I 15

.~ THICKNES~-
1

~
1
"15

I SI"'EC IF IC ,v[ IGHT = 190 LBS/CU FT

'I ~6 LI GHTEr~
[1'( vvEIGHT

1 THICKNES',.-

'.



/

2'18
129

oj

1 ; (lj

"Y'l
172

1:31
56')
1 7 7

r)2('~

lSr.
9.-'

lAt,
49
2~

64':>
191
, 9b

27')"
~17

4"8

L.l ;Vj.f n) OF
STril\J1: N~ I GHT

I,: r)"'"jr'JD(~

2827
83h
419

L r :''1 J ~ ", OF
SHor\jr' .j tIGHT

It J ::>,~, )I\]US

41
20

6

42
21

7

189
95
30

774
387
121

194
97
30

794
397
124

102
3()
15

473
14()

70

1G)
31
16

LIMITS OF'
STONE wEIGHT

IN POUNDS

18 INCHES

48 INCHES

1M INCHES

.,3,) INCHES

3n I :\ICHES

435
1'-!-"

72

<+8 I"jU,ES

IG36
"74
?'-l7

LIMITS OF
STCli\Jf ~fIGHT

I '.J POI)I'JDS

1986
58,:
294

24
1?

<'.;.

2'-l.
1?

4

13t~

6('
') ')
'- 0

519
25°

81

141
71
2;'

532
26r)
83

59
18

9

27 INCHES

42 INCHES

61
18

9

LIMITS OF
STONE 'E:IGhT

IN POUND<,

27 INCHES

42 INCHE~

345
102

51

LIMITe, OF
STOI\lE 'tWIGHT

IN POUND'..,

:'5~3

lOS
52

1330
394
197

6
2

12
6
2

97
48
15

12

50
16

327
163

51

335
168

52

24 INCHES

:">6 H.JCHES

12 INCHES

12 INCHES

24 Ii'JCHES

LIMITS OF
STONE wEIGHT

IN POUNDS

36 INCHES

30
9
4

LIMiTS OF
STONE 'NEIGHT

IN PO,jNuS

31
9
5

242
72
36

817
242
121

248
74
37

838
248

.124.

971
....
\

2 (Pag$ 6. of 7)

.
'4 ay

SPECIFIC wEIGHT = 195 LBS/CU FT T=1.::>OU(lO"lMA>(;2.25D(50)l"1!\;(

100
50
15

THICKNESS -

% LIGHTER
BY wEIGHT

THICKNESS -

100
50
15

THICKNESS -

100
50
15

SPECIFIC WEIGHT = 20n LHS/CU FT

THICKNESS -

100
::>0
15

% LIGHTER
BY '.'JEIGHT

THICKNESS -

100
50
15

THICKNESS

~
I

~
I

Ie
I

,'I
I,
~
I

•
100
50
15

·-Inel



I···
f{'
I'
..
}
I
.­
I

'Ie
I
'I
I•I
J
I

•1_

'I

• '.J

SPECIFIC wEIGHT = 205 LBS/CU FT T=I.50D(10n)MAX;2.2~D(50)MAX

LIMITS OF LIMITS OF LIMITe; OF LIMITS OF
% LIGHTER STONE WEIGHT STONE I/vEIGHT STOI'JE ''JEIGHT STONE wEIGHT
F3 '( 'fiJEIGHT IN POUNDS IN POUNDS IN POUNDS 'IN POUNDS

THICKNESC, = 12 INCHES 15 INCHES 18 INCHES 21 INCHES

1 () I) 32 13 62 25 107 43 170 68
50 9 6 18 12 32 21 51 34
15 5 2 9 4 16 7 25 11

rHICKNESC:; - 24 INCHES 27 INCHES 30 INCHES 3.3 INCHES-
lOil 254 102 362 145 497 19q 661 265
50 75 51 107 72 147 99 196 132
15 38 16 54 23 74 31 98 41

THICKNESS - 36 INCHES 4;2 r I\JCHES 48 INCHES 54 INCHES.-
10;) 8 f",9 343 136/+ 545 2035 814 2898 1159

:)0 254 -172 404 273 603 407 859 580
15 127 54 202 85 302 127 429 181

Inc 2 (P e 7 of 7)



'1"
~TL L .. _V 4,-)..,

14 May 1971., SPECIFIC wEIGHT - 145 U3S/CU FT T=1.500(100)MAX;2.0(lO(50)MAX-

LIMITS OF LIMITS OF LIMIrS OF LIMITS OF
% LIGHTER STONE vvE IGHT STONE wEIGHT STONE "/E I GHT STONE WEIGliT

I' 13Y wEIGHT IN POUI\lDS IN POur-..JDS' -N POUNDS IN POUNCe:

fHICKNESS - 12 INCHES' 15 INCHES 18 INCHES 21 INCHES-.. 10~ 2? 9 44 18 76 30 121 48
50 9 4 19 9 32 15 51 2415 5 1 9 3 16 5 25 8

} THICKNES'::, - 24 INCHES 27 INCHES 30 INCHES 33 INCHEC;-

1
10'') 180 72 256 102 351 1 41 468 187

50 7fJ 36 108 51 148 70 197 94
15 38 11 54 16 74 2? 99 "?Y.- THICKI\IESS - 36 I I\lOiES 42 INCHES 48 INC~EC, 54 INCHEc;

1
lOU 607 2 1.. 3 964 386 14u f) 576 2050 82<1

50 256 121 407 193 607 288 865 410
15 128 38 20.3 6n 304 90 432 128...

SPECIFIC I>JEIGHT - 150 LBS/CU FT T=1 • 50 D( 100 ) MA X; 2 • 0: JD ( 50 ) MA l(1 -

LIMITS OF LIMITS OF LIMITS OF LIMITS OF

'I
% LIGHTER STONE \'JE I GHT srONE wEIGHT STONE 'NE IGHT STONE wEIGHT
8Y WEIGHT IN POU~JOS IN POUNOS IN 'Jl) . ./I\JDS IN POUNDS

THICKNESS - 12 INCHES 15 INCHES 18 II\JCHEC, 21 INCHES-

1 10n 23 9 45 18 79 31 125 '') n
50 10 5 19 q 3:'.> 16 53 2')• 1'5 5 1 10 3 17 5 26 e

1
THICKNESl', - 24 INCHES 27 INCHES 30 II\ICHES 33 INCHEc.-

J ' (1 I l,qa 74 205 10f) 364 14':> 484 .lOU

~O 79 37 112 5j 153 73 204 97
15 39 12 56 17 7l 23 102 30

1
THICKNESS - 36 INCHES 42 INCHES 48 INCHES 54 INCHES-

• 100 628 251 9 r18 39( 1489 596 2121 84B
50 265 126 421 20fl 628 298 895 42 4

••15
133 39 210 62 314 93 4 L,7 1.35

Incl 3 (Page 1 of 7)



'I

52
26

8

53
27

8

2r;o
1011

31

877
438
137

206
103

32

905
452
141

I '

129
54
27

50r;
21/
10 OJ

21 INCHES

133
56
28

54 r f\ICHES

51f>
21M
109

2191
924
1-!-02

LIMITS OF
STONE vJr::IGHT

IN POUNDS

21 II\JC!-'iES

3:- I i'JCHEs

54 INCHES

2;;:6?
9:')4

4 7'7

L I 1\11 TS OF
SrOI\JE II}tIGHT

IN POUNDS

32
16

5

1 ~)O

75
23

34
17

5

n16
308

96

155
78
24

635
318

99

81
34
17

E34
35
18

18 INCHES

30 INCHES

376
159

79

48 INCHES

LIMITS OF
STONE wEIGHT

IN POUNDS

18 INCHES

30 INCHES

38f.
164

82

1")3 0

6L~9

325

48 I, CHES

LIMITS OF
STONE ,vE I G~H

II'~ POUt\JDS

1589
670
3 '>5

19
9
3

J.l0
S'".. ')

17

19
10

3

412
20n

n4

113
57
18

42n
213

67

T =1 • '5 t) D ( 10', ) MA \( ; 2 • 0 nD ( 50 ) MA X

47
20
10

15 INCHES

2'7 INCHES

42 INCHES

LIMITS OF
STONE WEIGHT

IN POUNDS

48
20
10

274
116

58

27 INCHES

15 INCHES

42 INCHES

LIMITS OF
STONE .,'-!E IGHT

If\1 POUNDS

60
119
283

1031
435
217

1064
449
224

10
5
2

77
38
12

79
40
12

2nO
130

'+1

268
134

42

12 ItKHES

)0 I ~\jCHES

24 INCHES

Lllv1ITS OF
STONE wEIGHT

IN POUNDS

l? I1\JCHES

10
5
2

24 INCHES

3n It\JCHES

~ 1M i rs OF
STONE IJEIGHT

r ~~ ',JUJNDS

192
81
iH

(14 :.;

c~ 7/+
1.37

1 g'
84
4?

,.711

?83
14 .

lHICKNESS =

100
50
15

% LIGHTER
I,y' \~!EIGHT

10n
50
J.5

THICI<NES'; =

10 (j

50
15

THICKNES:, =

SPECIFIC NE1:JC~r : IbO LRS/CU FT

THIe 1< NEs~., =

96 LIGHTER
FW INEIGHT

101:
50
15

nlICKNESC, -

10 (I

50
15

Incl 3 (Page 2 of 7)

THICKNES', -

10;­
50
15

~ ~'':'L 1110- 2-120
14 May 1971

SPECIFIC WEIGHT = 15S LBS/CU Ft, T=1~50D(100)MAX;2.00D(50)MAX
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SPECIFIC rJEIGHT = 170 LBS/CU FT T=1.50DI100IMAX;2.0nOI50IMAX

')~

27
9

~) 7
28

9

?13
106

3:1

933
4A7
146

219
11.0

34

137 _
58
29

532
225
112

1L~ 1
60
30

548
231
116

21 I N'CHES

33 INCHES

5L~ INCHES

2333
984
492

21 INCHES

33 INCHES

54 HJCHES,

LI MI T-S OF
STO E v.;EIGHT

IN POUNDS

LIMITS OF
STONE wEIGHT

IN POUNDS

2403
'1014

507

35
17

5

36
18

6

lAO
80
? ~)

65 .....
328
102

165
82
26

675
338
105

86
36
18

89
38
19

18 INCHES

30 INCHES

40 11

169
84

48 INCHES

18 INCHES

30 INCHES

412
174

87

48 INCHES

LHlITS OF
STONE wEIGHT

IN POUNDS

1638
691
340

LIMITS OF
STONE INEIGHT

IN POUNDS

1688
712
356

20
10

3

21
10

3

117
58
18

439
2;':>0

69

120
60
19

452
226

71

15 INCHES

50
21
11

27 INCHES

1+2 Ii'KHES

52
22
11

292
123

62

42 INCHES

27 INCHES

15 INCHES

LIMITS OF
STONE \vEIGHT

IN POUNDS

300
127

63

..

1131
477
239

10
5
2

82
41
13

11
5
2

84
42
13

270
138

43

285
142

45

12' 'INCHES

LIMITS OF LI~ITS OF
STONE ~EIG~T~ STONE WEIGHT

IN POUNDS IN POUNDS

26
11

5

12 INCHES

24 INCHES

36 INCHES

LIMITS OF
STONE WEIGHT

IN POUNDS

26
11

6

36 HJCHES

205
86
43

691
292
146

211
89
45

712
300
150

THICKNESS -

10n
~O

1"5

% LIGHTER
13Y \rJEI GHT

THICKNESS - ,24 INCHES

10 I i

50
1~

THICKNESS -

10 Ii

51)
15

.ETL J..l.v*2- L:.u
14 May 197

SPECIFIC ~EIGHT = 165 LBS/CU FT T=1.50DI10nIMAX;2.0nDI50IMAX

THICKNES"o -

Incl 3 (Page 3 of 7)

1 () (,
50
15

THICKNESS =

laO
50
15

% LIGHTER
LW :NEIGHT

THICKNESS -
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58
2()

9

60
30

9

226
113

35

990
495
155

232
116

3b

1018
SOY
159

14Cl
01
31

56!)
238
11.9

21 HJCHES

150
63
32

3 ~ I NCt-IEe;

581
2/15
1?3

54 INCHES

2471+
104 LI

52?

LIMITS OF
STONE 'r>JEIGHT

IN POUNDS

21 niCHES

~),) I !'KHES

2 ~j I.j.~j

1 071~

~)37

L Hill Te; OF
STOi'~E '~JEIGHT

Ir'J POUNDS

37
18

6

1 70
85
27

112

715
)57

3D If\lCHES

1H II\lCHEc,

1..j.?1.!.

179
89

L1 ,;~ I I\le HES

LH'iI F. OF
(,fO!,If::: NFIGI-IT

IN I:JOUI'JDS

173£3
733
,''>67

113 !l\ICHES

LIMITS OF
S rONEr.![' I GHT

HJ POl j; me;

1787
754
377

21
11

,'J

1. c.' LI,

02
19

If6h

;~3.'i

7 :j

1+ 79
239

75

T=1 • S () U ( .1 U(J ) fV1A X ; '2 • l 00 ( ;) () ) IVlA ~
../

15 li'-JCHEC;

L I MI rl ; Ofo'
e; TO I'J I: I/J E1(j HT

IN POU~IUS

53
2?
1 J

309
L50
65

15 INCHES

I_IMITe; or­
STOI"=: ~'i[IG'{T

1:'; I') OUNDS

5') 22 94 38
2j 11 1.0 19
12 j 20 6

27 Ii'WHES 30 INCHES

318 127 436 175
134 64 18L> 87

67 20 92 27

42 I f\jC HE:S l~8 Ilo"JCHES

1164
L.91
246

1197
505
253

11

87
43
14

293 '
147

46

302
151

47

12 niCHES

36 INCHES

2'+ UJCH[S

LIMIT~; OF
S rOI\lE W[ I GilT

IN l-'our,JOs

27
11

6

12 INCHES

LIMITS OF
STONE INEIGHT

IN' POUNDS

217
92
46

7303
309
15~

28 11
12 6

6 2

24 INCHES

:223 89
",94 45
. 47 1 /,j.

754
'318
,159

I',', I,

. ~ ~ " ~

.i\

ETL 1110-2-120
14 May 1971·

S PEC I F I C wEI GHT - .l 7 'j 'L BSIC U F T' T~ 1 • ~) 0 [) ( 1 0 (J ) Mi\)( ; 2 • 0 f) D ( 5 0 ) MAX

THICKI\/ES('; -

THICKNESC:I -

% LIGHTER
f3i' INEIGIH

10/;
~o

15

THICKNESS -

10,1
~o

15

SPECIFIC WEIGHT = 180 LAS/CU FT

T!IICKNESc.; -

101!
50
15

% LIGHTER
[3y iNEIGHT

TI-I I CKNESS !;:,

10n
50
15

THICI<NESS' '.':;: . 36 INCHES

1- 101 \
• 50

15

.-
I.­

·1

-Ie
I

-­
I
•I
J
I

eI



62
31
10

239
119

37

2', '>
123

38

1046
523
163

1 0 7L~

537
168

154
65
32

597
252
126

158
67
33

(;13
259
129

3~ INCHES

21 INCHES

54 INCHES

2615
1103

5'>2

3-; INCHES

21 INCHES

54 INCHES

2686
1133

567

LIMITS OF
STONE .WEIGHT

IN POUNDS

LIMITS OF
STONE INEIGHT

I~~ POUNDS

40
20

6

735
367
11">

179
90
28

18 Lt
92
29

75~ I

37 7

118

41
20

97

99
42
21

18 INCHES

30 INCHES

1108 INCHES

448
189

95

18 INCHES

30 I ~ICHES

461
194

97

48 INCHES

LIMITS OF
STONE '\lEIGHT

IN POUNDS

1837
775
387

LIMITS OF
STONE 'NEIGHr

IN FJOUNDS

1887
796
398

23
12

4

131
6j
20

492
246
T!

1j4
67
21

50b
253

7')

ETL 11 0-2-120
14 May 1971

T~1.50D(100)MAX;2.0ro(~n)MAX

T=.1 • ~ aD( .1 ar:J ) MA X; 2 • 0 f: [) ( 50 ) MA X

15 INCHES

56
24
12

27 Ii'-ICHES

42 Ir\jCHES

1~ II\ICHES

12

27 I ~JCHf.S

42 INCHES

LIMITS OF
STONE WEIGHT

Ir'~ POUNDS

327
138

69

LIMITe; OF
STONE 'NEIGHT

IN pour,IDS

:U6
142

71

1231
~)19

260

1264
533
2f)7

6
2

2
o

11

46
14

92

12

3.10
15 )

48

318
159

50

q4
'47

15

12 INCHES

6

24 INCHES

36 INCHES

12 INCHES

24 INCHES

36 INCHES

LIMITS OF
STONE wEIGHT

IN POUi'IDS

29
12

LIMITS OF
STONE ..~E I GHT

IN Pour~DS

29
12

6

230
97
48

775
327
163

2.56
99
~O

796
336
168

WEIGHT = 185 LRS/CU FT

lor
50
1~

1 CJ' j

~O

15

10l)
'lO
15

'1·· -
"'SPECIFIC

% LIGHTER
[W wEIGHTIi
THICKNES" ­.-

'1

J THICKNES';-

I

.I rHICK~~ES<".-

1

-Ie
I SPECIF-C wEIGHT = 190 LRS/CU FT

.. % LIGHTER
• RY wEIGHT

I
•
I

THICKNES ... ·. -

• 1n I
.. '10

I 1~

THICKNESS ­

eI 100
50

1_5

, Inc1 3 (Page 5 of 7)



'::')2
1?b

2")8
},29

40

1 J U3
"'j 1
172

1131
56:)

17 7

,"', ,/ ,,'

162
68

62SJ
2 f.:')
1 ~-)~

]0'
7 -,1,)

au":>
27?
130

21 INCHES

3 j I :\jC'-I t: '-,

") '+ I, JC' . ( ')

275"7
1 1,6?­

582

54 I ~-../CHES

2M,,-7
1 g ..

S9b

LIMITS OF
'':;TONE 'NEIGHT

I K! POljl~DS

LI '" r;.. (IF
ST()"J[ ,[. 1GriT

I, . ,r)' ':'~Cc..

42
21

7

!~9

714
587
121

194
97
30

794
397
124

2')

10 )

18 I NCt-if.

102
43

'-!.73

1') ')
4-'.
22

30 INCHES

1.3 INCHES

48:)

205
102

48 INCHES

LIMIT'- I)F

STONf·IE 1SHT
11\1 POd1\JDS

l. ] 1\1.. T::; Or-
e, r )j'JE '} r: I GHT

I r,J POUNDS

1986
838
419

24
12

L~

2!+
12

4

13f.\
69

~19

250.
81

'532
26,,,

83

59
25
12

15 INCHES

L.2 HKHES

01
26
13

LIIV1ITS OF
STONE WEIGHT

IN POUNDS

:"L.5
lLf·5

73

27 IW'-1E<:;,

LUHTS OF
STONE ·v[ I (;HT

I ~J POUNDc)

353
149

75

1297
5L~7
274

133l!
561

28'

12
6
2

97
48
15

12
6
2

99
50
16

327
163

51

335
168

52

36 INCHES

12 INCHES

2L~ INCHE..:,

LIMITS OF
STOI--JE \vE I GHT

11\1 POUNDS

30
13

6

24 INCHES

12 H\jCHES

36 NCHES

LIMiTS OF
STOI\lE IftJE 1GHT

IN POUI\lDS

31
13

7

102
51

817
3LJ·5
172

2L~8

105
52

838
353
177

""'1 I,'

100
50
1S

THICKNESS =

lOll
50
15

THICKNES<;) =

% LIGHTER
BY iNEIGHT

3 (Page 6 of 7)

SPECIFIC WEIGHT = 20n LRS/CU FT T=1.5()l)<l!' ')fVJA>(;2.COD(50ll'.1L\X

•r..:":'L 1 .0-2-120
J 4 l':a."J 1<)71

SPECIFIC wEIGHT = 195 LRS/(U FT T=1.50D(100)MAX;2. 1")()D("10l AX

THICKNESS -

100
50
15

THICKNESS -

10n
50
15

lOll
50
15

% LIGHTER
f-3Y WEIGHT

'THICKNESS =

.1
I.­
I

-Ie
I



•
>,'

170 68
72 34
36 11

6()1 265
279 132
140 Lf 1

2898 1159
1223 580

611 ltH

:-j4 INCHES

3:', INCHES

21 INCHES

LIMITS OF
STOi'JE INEIGHT

IN POUNDS

43
21

7

18 INCHES

107
45
23

LIMITe; OF
STONE ""EIGHT

IN POUNDS

25
12

4

·ETL 1110-2-120
. 14 May 1971

T=1.~OD(100)MAX;2.0nD(50)~AX

62
26
13

LIMITS OF
STONE l'!EIGHT

11\1 POUNDS

2
6

13

12 INCHES

LIMITS OF
STONE I.~JEIGHT

IN POUNDS

32
13

7

(Page 7 of 7)

THICKNES':; - 24 INCHES 27 INCHES 30 INCHES-
c-

10n 254 102 362 14:-; 497 i9Y
50 107 51 153 72 210 99

15 54 16 76 23 105 31

THICKNESS - 36 II\lCHES 42 INCHES 48 I NOlES-

10 fJ 859 343 1364 545 2035 814

50 362 172 57'-) 273 8~)9 407
1 r- 181 54 28,'\ PJ5 429 127.)

THICKNESL:; -

lon
50
1')

% LIGHTER
BY WEIGHT

." SPECIFIC· "EIGHT = 205 LRS/CU FT

.1
1.­
1

-Ie
1

-I
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