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NOTICE: When govermnt or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formalated, furnished, or in any way
supplied the said drawings, specifications, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.
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LIST OF MATERIAL

"0"205A1 NOW FOR KAT WORK

• " D 1. nXCAVATiIU Exoavations shall be curried to the dimensions indicated on the drawings. Excaations

carted below the depth indicated shall be refilled to the proper grade with approved material

and accipsted to at least 90% of maximu density. (See Note 6).

S2. 8ELCT MAveRIALt The maximu diameter of select material (if required) shall be 3 inches,and

not awe than 25% shea peas a No. 200 sieve. The plasticity index of the material shall

not exceed 8 when tested in accordance with ASIV tests designated 0423-54T and i*24-5'T.

Materiael shal1 be free of roots, vegetable matterand other organic substances.
3. BACUIL MD GRADinG Backfilling shaUll be accospliahed essentially simultaneously on the sides

and ends of thn ahelter, with work starting at the bottom midpoint of the sides and progressing

Symetrieally upward in such a manner that f.ill at the midsection is always deeopr than at the

ends. Ca.e shall be exercised in placing and compcting the backfill to prevent deformation

of the metal arch. Deformation, if any, shell not exceed 2% of the design radius.

4. SACKFULi Bkaolill for the sides and entrance end shall be accomplished with either native or

select backfill to a point 8- ft above the floor slab. The decialon as to whether to use select

material for this purpose will be based on the amount of effort and earth handllng required in

ie/. ) order to use native soil to obtain backfill cmpaection as specified. Sand shall be used for

bakfill under the storage tanks as indicated (see Fig. A-17M). Backfill at the non-entrance

end and above the 8-ft level may be excavated material if it is free of rocks and clodp larger

than 3 inches in diametaer vegetable matter, and other deleterious substances.

5. CGFACTZNsI All backfill material to be compacted shall be placed at optima to•tture content,

ioisture being added or ramoed as required, and shall be deposited In layers not exceedlng
6 inches thick. Back.ill material shall bc compacted to 90% of maxim density. Cocmaction ,

by watering shall not be permitted.

6. ADN= DNSIM The maxima density shall be determined in accordance with the testingH [ C . procedure of ASHO (American Association of State Highway Officials) designation T-99.-9,

modified as foelccia
(a) The rammr shall wigh 10 pounds.

7ý- (b) The reamer shall be drqaped from a height of 18 inches above the sample.
1 -- (c) The ssaýles shall Vi compated in 5 leyers, each approcimately I inch thick,

14'-• with each layer receiving 55 blows.
(d) The mold shall be 6 inches In diameter end 7 inches high, with a metal spacer disc

5-15/16 inches in diameter and 2-1/2 inches high, using a false bottom in the mold
_during compaction.

(a) A.l material retained an a 3/4-inch sieve shall be removed and replaced with
an equal portion of material between the no. 4i and 3/4-inch sieves.

(f) A separate batch of material shell be used for each coepection test specimen.
Ho material shalI be reused for compaction.

7. The most saltisfactory •intallatioi for a 35-psi minima-coat shelter is a shown.

It is conceivxble that construction may be required on sites where bedrock or the water

table Is near the surface. In this event, the shelter can be planed at grade or below
(as site conditions permit) and then completely covered with an extensive fill.

The earth oveur ver the arch is to be graded as shown on Sketch "A". Note that the

earth mound over the portion of the arch structure that protrudes above gads must be

shaped so that the faces of the earth mound are no steeper then 4 horizcontal to 1

vertical and so that the distance from the toe of the slope (the Intersection of the

slope with the original gade) to the nearest point on tlo structure is at least four

time the height of the mond. The shelter ondualls are to be covered in accordance

with Skaeoh "B".
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not mome than g shal pass a Not 200 sieve, Thu plasticity Index of the material shall

not exceed 8 when tested In accordance with AS7B4 tests designated J423-.5;T and E424-54T.Loara shall1 be free of rcots, vegetable matter,a5M otheorai c substnces

3 _______AND___________ ilin 00 b aceemp~lahed essentiallysiutnolyathsde

and ends of the shelterj with work starting at the bottnm midpoint of the sides and progressing

symmetrieally upward in such a sanner that fill at the midsection in always deeper then at the

s enda.- Care•shall.e exereaisd In-olamina and coectinx-•aGhe-backfill to prevent deformation

Of the metal arch. WOMA~fticn, If any, shall not, exceed 2% of the design radius.

4. nw=3f~L BackfIll for the sides and entrance end shall be accomplished with either native or

select backfill to a point 8 ft above the flo slab. The docistlion a to whether to use select

material for this purpose wil.l be based on the amount of effort and earth handling required in

76'" Is •. order to use native soil to obtain bachfill cempaotion s specified. Send shall be used for
backfill under the storage tanks as Indicated (sal Fig. A-17M). Backfill at the non-entrance

end end aove the 8-ft level may be excavated material-if It is free of rocks and clodp larger

then 3 Inches in diameter, vegetable matter, and other deleterious substances.

5. CCHPACTIM: All baokfill material to be ecopauted shall be pliced at optimm moisture content,

;oisture being added or removed as required, and shall be deposited In layers not exceeding

6 inches thick. Backfill material sheal be compcted to 90% of maximum density, Compaction

by wvatering shoal not be pecrutted.

6. MAXD4UH DMWsW1' The maxi•ma donsity shall be determined in accordance with the testing

prooedur of AASHO (American Aoociatlon of State IIgmwa Officiale) destigntioc T-9•=9,19

modified as follauis

Z ( a) The raer shall weigh M0 pounds.
(b) The riner shoel be droped from a height of 18 inches above the smple.

- -e- Cc) The samples shall e carpMated in 5 layemrs, each approximately 1 inch thick,
with each layer r*cei'ins 55 blow,

(d) The mold shall be 6 Inches in diameter and 7 Inches high, with a metal spacer disc
.5-15/26 inches in diamter and 2-1/2 inches high, using a false bottom in the mold
during ecmpaction.

(e) All material retained on a 3/4-inch sieve shall be removed and replaced with
an equal portion of material betmeen the No. 4 and 3/4-inch *ieves.

(r) A separate batch of material shall be used for each c¢•mpation test specimen.
No material shall be reused for compactico.

7. The most satisftatory Installation for a 35-Psl miniaum-cost shelter is as shown.

It is conceivable that construction may be required on sites where bedrock or the water

table is near the surface. In ti event, the shelter can be placed at gads or below

(as site conditions permit) and then eompletely covered with en extensive fill.
The earth cover cmer the arch is to be graded e" eihwn on Sketeh "A", note that the

earth mound ovur the portion of the arch structure that protrudes above grade must be

shaped so that the faces of the earth mound are no steeper than 4 horisontal to 1

vertical and so that the distance fron the toe of the slope (the intersection of the

slope with the origival grade) to the nearest point on the structure Is at least :our

times the height of the mound. The shelter cndwalla are to be covered in accordance
with Skotch "B.
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FOOTDIG LOAD -1
-BACKFILL SOIL TYPE sp, - 10 PST

Gravel, sand, grOa~,l and Band, '0.00 S .
ibm&UbwU Jý2WW Ft A-A) gravel-sand-milt ind gravel-sand- 7000LLP

STAVAP 4U111IATPlb a afU~l3Ebi11tVy and 1 olaptioitv ______

N8 Inov*,aniO silt, very' fine santi,
I _0EUTTWI F fine sand and silt, or soft, plastic,, 20,000

I 1 cnmMe5Eiba lav wLS ______

P,4 *P 0 -design blast overpressure. rtin. of sheLter

A, .. 2"W "~.O'~j2

TYPE I HR1
GRAVE

_10,

C OARS

AS OR
2 GRAVE

FR SPACIN(A IN II1CI4II

__ __ __ __ __ && 
I&M 

T S L 
ASo"i

FOOTIWQWIWV'W'GRAI

TYPE' Z

U FOOTING WIDTH

14 'W"(FT$IN.) 10,00(

FROM TABLE III D

a 21.0 -
1-~4 0-10
1-8 0-10'

2-6 0-10

*03-0 0-10
49 2' 1 F 04W- FOIL SPAC- .

r- 9 1 W a iow' w 1e. N o rm a l sa m e b e a ri

_rYPE_ 5in direct proport

FOOTIkQC4 tjTALS 3. Compaot gravel, a
resistance to pen



TABLE II
O ;- K ."T, S I W L _ it" NORMAL SXFE BEARING CAPACITY OF VARIOUS S01LS

FOOTIG LOD -LB/LIN-PT.Normal-Safe Bearing-
FPOOTIN1 LOAD -LBS/-IN. 3P. SOIL TYPE Capacity-Lba/sq.Ft. I-

v.l and sand, *SP HARDPAN, cemented gravel ledge rook 20,000 11./e.f. minim.

and gravel-sand- 10,000 LVL.F. 30,OMOLS/L.F.
-crushed rock Compact gravel or sand and gravel 8,000 oo/o f

;rvelly clay,sandy I Loose gravel or sand and gravel 6,O00
of medium to low 10,000 45,000 2 s

plastlcty I •a; Compact coarse sand 6,000
"'rl fine sand, 4• 4000", sftn ps tid, 20,000 j Loose coarse sand

tor soft, plastic, O60,000 1 4 Compact fine sand 4,000 ratin e for h tafew"

pressure rating of shelter. Loose fine sand 2000 to and ovwe the ahelter,
____ ____ ____ ___ ___ footings.

H Hard clay 8,000 Tabn I estab'LIhe.
Firm or medium clay 4,ooo aterW itpohmth per2rpresj-

Soft clay 2,000 Soil, use that giving the

iM.i Adbe1,000 Next, ditemin the
beneath the footina, 7b

Compact inorganic sand and silt 1,500 eoxavated sits, oreareo

r',! Loose inorganic sand and silt 500 atmitursa for resistaince

"'The nasal Aare bearTAIL,| IIIqliidsol nier
SIDWALL POOT19LG WITU6AS .• lEQ'D &V FOOTINC, LOAD hND &NONOn1,AL S•.IE 5rkrIWCx CIAPACITy4 qbar.ifneg cosis efrota,

TYPE OF SOIL NOW.0 , -AF. FOOTINO WIDTH REQUIRED IN FEET AND INCHES

BENEAT H FOOTING B&Ai4It0 CAPAC~ITY~ :'OR 9COTt LOAD SnHON (POUNDS/LIN. FOOT) Baring eapacity Li
10.•00 20,000 30,000 45,000 6,OO00 bearing capacities ae do

... a and shape o the f-C
HARDPAN, CEMENTED 20.000 lb/s.f. 1-O 1. 0 1--0 1-0 1-0 proportioing footings fc
GRAVELOR LEDGE ROCK "adant rads. Where beada ot usat be id.

12.000 •h/s.f. 1-0 1-0 1-4 2-0 2-6

10000 1-0 1-4 1-8 2-6 3-0 F sol. fenr shoymi

8,000 1-0 1-8 2-0 2-6 3-0 directly, but is an indic
COARSE-SOAINED NON- 6,000 1-0 1-8 2-6 3-0 4-o results to be achieved, t
COHESIVE SOILS, SUCH bearing capacity of the
AS GRAVEL, SAND, AND 4,000 1-4 2-6 3-0 4-o 5-0 her a safety factor ofGRAVEL AND SAND 3,000 1-8 3-0 4-o 5-0 6-0 codtin.

2000 2-6 4-o 5-0 6-o 8-0 Baring vals estat
00 3-0 5-0 6-o 8-0 -factor In this range. A

1,90 3-0 5-0 ~ o 80 _____ exacessive aettlement unde
1,000 4-o 6-0 8-0 - static bearing capacity

12,00011/ a.f. 1-0 1-0 1-0 1-0 gr eat atlorali sf beain gv -

10,000 1-0 1-0 1-0 1-0 i-4 may be due to actual van
v'ariatiomnInthe actual a

8,000 1-0 1-0 1-0 1-4 1-8 in ariou parta of thet
FINE-GRAINED COHESIVE than thos in Table 1a
SOILS,SUCH AS CLAY AND 6,000 1-0 1-0 1-4 1-8 2-6 tha toienin abe u
SANDY, SILTY OR 4,000 10 1-4 1-8 2-6 -b0
GRAVELLY CLAY 4- 0ter Table III Vitk

3.000 1-0 1-8 2-6 4-0 5-O of soil beneath the fcotl

2000 1-4 2-6 4-0 5-0 8-0 soils ane intemediate Ir
1.500 1-8 3-0 5-0 0-0 - prained, .hac-sva" pm-oftha twv me4be iaae
1000 2-6 5-0 8-0 -

In establiahing fo•o
of footing vidth o bearl

TAbLE IV sols. No further ad
FOOTIN•C STEEL nEINFOr.CEMENT SCEJEDULE FORl IDEEWALL FOOTINGS

FOOTING WIDT FOOTING LOAD LBS/LIN. PT. (PROM TABLE I) Sobe IV wdeth dhe foosi•n
"W"(PTIIN.) 10.OOOL /A.P. 20.OOO,/L.P. 30,OOOLS/L.P. 45,O0 /L.P. E0,OOOL/L.F. TableI of the fooltin
FROM TABLE I D REINP. "A" D REINP. "A" D REINF. "A" D REINF. "A" D REINF. "A" footing "ULUawe m a a

1-0 - None - None - None - None - None XLUUMNE SM

1-4 0-10 None 0-10 None 0-10 None 0-10 None 0-10 None

1-8 0-10 Nonne0 None 1-0 None A shelter Is to beNon bear a a ela a-tye2-0 0-10 *3 Q 24rind'.. 0-10 0 3 (5. 24 1 nchdi 1-0 '3 a. 241(rvhi 1-2 •'3 42 _24ich" 1-3 '3 a 24 jrht$ wrll be clean send and-.S.

2-6 0-10 34`3e6 1 0-10 3e6 , 0-10 "364 i 1-0 "3a 33'/,1 0 -o '362 the footlng laedis f=4
t 1 11 a bearing valueof 3,0003-0 0-10 e6 , 0-10 3*5 " O-10 63 e 3'/% " -0*3* 3 1 1-0 3&21/,L .1 4Paw ,ra3-0 0-10 03e3 6 " 0-10 

8
3 5 " 0-10 *3 3 In 1-0 '3t3 00 - ttand-fAperseqarce J

46  0  ! 0-10 ]* '! 10 " -IO A4E 5 6 - 0-10 03 4e 3 I1/ 1-0 [5*e 3 I/ 0 .5 .le 2'-6"I the stmallea

8-0 1O-lO 1*4e 7 " 0-10 Is' j o-10 jSs 3,V2 10l-00 11 - 60 4• i j- 164 1- '
* Stlnforcement steaI Is fabqcA*sjd ;n incrmnrarfa

TERMA USED IN TADLES k inch an the diatmetr. The dcsiqnation -6 Indl-
cats. a rod s/a In&h hL diameter.

1. Normal safe bearing Capacity as shown is for a footing 31-0" wide at a depth of 1'-6" below grade.

2. Bearing values for ooarse-,irained soils as thown In TablaIl ord fora focII 30'-0" wide, end are to be reduced
in direct proportion to footing width 'or footings lees than 31-0' wide.

3. Compact gravel, sand, or sand and gravel are deposits which require picking for removal, and offer high
resistance to penetration by excavating tools.



LIST OF MATERIAL.

K 
TABLEF 

11_____

Y ,VROS Normal Safe Bearilng NAME A.n.55A5
TYPE___________-- ___ -CopeoityLba/Sg. t. I I I

ravl edg rok 20,000 'W/d'f. minim.-

ani and gravel 8,000 lb/s. f.* F§11=111 FOR Man== TiM MM ANDs CC02RCTXC !AW218 07 THE
d and gravel 6,000 SBUMIS BSIiAIL FOGTM

41000 fts smidewll footing to be wed with a particular shelter is depmndent on (a) the ovrpressure
ratin~g for which the shelter ia to be damigoed,, (b) the type of soil used for backil adJacent

__________________ 2,000 to and. coaxr the shelter, and (a) the tMp ant bearing espeaity' of the in-place soil beneath the
___________________________________________ footings.

_________________ 8,000 Itible I establishes the bearing load that msts be supported by the continuous sidewall footings.
4,000Enter with the oerpressamn rating and the "yp of soil. used for backfill,- to determine the foundation

__________________ ,004__ in pouds per linal foo of footing. Where doubt latis as to proper cl.assification of baokf ill
__________________ 2,000 soil, use that giving the higbor footing load in Table 1.

__________________ 1,000 Next, determine tbe typs of soil. and the normal sefe bearing capacity of the in-place soil
______________________ _________________ beneath the footings, Mbs type of soil Is determined by preliminary borings, Inspection of the

saenl andi silt 1,500 excavated site, or records of previous construaction In the Immdiate ar"a. The "normil safe bearing
il andsilc pacitge in the bearing value that would be used In preiporticning footings of buiLiding and other

ni ad c It500 strucntures for reasisance to nowm2. service Inaia exealsove of vind, earthquachs, or impost; Icads.

Ons cnceml safe basrdg capsiety can be established by 'ýa) a cranlial soils invesatigation by a
~ N~ruAL ~ ~qualified solls engineer, (b) usce of tabulated "peeauimi ble,' "Allowable," or "preemptve" safe&NO ~fXML 6rK 6.Xft~fA "PACT~f bearing ca"lities from Local building codes, or (a) use of recomnded bearing values from Table nl.

FOOTING WIDTrH REQUIRED IN-FEET AND INCHES
FOR FOOTING LOAD SHOWN (POUNDS/LIN. FOOT) Bearing capacity is expressed in terms of pmecds per square foot of footing area. 7Ms actual
10 000 20,000 300 .o oo bearing cap~acities are dependent, net on.V an the type and properties of the soil, but also an the

_30,00 45,00 60,ao sa and Whape of the footing. Values shor In Table II and an ved In sucoceeding stepe of
1-0 1-0 1-0 1-0 1-0 propor~ncing footings for shelters are for a rooting 3 feet vide at a depth of L-2/2 feet below

adjacent Uado. Where bearing vmalue are stated in terms of otber widths or deptbo,appiropi'ate

1_0__0_14_- 2-6- adjustmnts must be made by a qualified soils engineer.

1-0__ 1-4 1-8 2-6 3.Footings for shelters are proiportioned on the basis of the expected ultimat bearing capacsity
13-0 of___ the soil under ftmnmic conditions of loading. lbs normal safe bearing capacity is net used

1-0 1-8 2-0 2-6 3-0 directly, but is an indication of the enpected ultiate" dynamic bearing capacity. For consistent

1-0 1-8 2-6 3-0 4-o results to be achievd, the normal safe bearing capacity must be reasonably' related to the actual
bearing capacity of the soil. It La semsed herein that Y'aim@ of ncamal safe bearing capacity

1-4 2-6 3-0 4-0 5-0 have a safety factor of 2.5 to 3.0 vitb respect to actual foundation tailors under static loading

1-8 3- 4-0 5-0 6-0 conditions.

2-6 4-o 5- 6-0 8-0 Bearing values established by a soils engineer can usually' be expected to contain a safety

3-0 5-0 6-0 8-0 - factor In this rang. An exception May oceiw where low bearing values ean prescribed to avoid
=**essive settlaemnt under sustained loads. In this case, higher valumes based on the actual

~4-o 6-o 8-0 - - static bearing capaity should be used.

hNora safe bearing capacities established by building codes of different jurisdictions shmw
1-0 1-0 1-0 1-0 14 preat variation In, values for soils of appwarnt3y slimilar description. To scm, extent, this variation

1-0 1-0 1-0 1-0 1-4 sqy be due to sactuial variation In properties of local soil formations. It say also be aim to
variation In the actual safity factors. Values In Table 11 represent a fair average of building codes

1-0 1-0 1-0 1-4 1-8 in various parts of the tlkited States. Where local building cods values are much higher or lower
1 ____ _____1-4 1-8 2-6 then those in Table nl and are not justified by local conditions, an determined by a soils ana"Iyas

1-0 1-0 1-8 2-6___ 4-o__ by a soils engineer, soujustont can be made in the local code values.

1.0 -8 26 4-t5r Table Inl with the foundation lcad from Tabla I and the "~p and. bearing capacity
1-0 -8 26 4- 5-0of soil beneath the footings to determine the required width of footing in feet and inches. It

1-4 2-6 4-o 5-0 8-0 soils are Intermediate In characteristics between thbe "coarse-pralnedp nonciobesive" end the "fins-
grained, saheaive" prouie of mail&, an Intermediate width of footing may be selected, or the wider

.1.L.. 3- 5- 8-0 - of the two awa be used.
2-6 5-0 8-o --

In es~tab~lshng footing widths as shown in Table In,. allowance has been masde for the effect
of footing width an bearing capacity, and the difference, beyteen static and dynmnie resistance of

ILZ FOn fSlDE'MALL FOOTII4C.6 s 5ils. No further ad~justmnt Is necessary for these factors.

(RMTABLE 1) Ins detailed design oif footings is sham in Types 1, 2, andl 3. and in Table IV. Enter
L.P.__ 4500FROM. ooo~/LP Table IV with the footin lead free Table I and the footing width Ireo Table MI to dotsxajns, the

L.F, k5.OOT./L.. 6,OO~I/Ll'.thickness of the footing base and the aims and spacing of transverse reinforcing bars. Other
INF. "A" D REINI'. "A" fl REINE. "A" footing details are as ahmw In the appropriatte TMp 1s 2, Or 3.

gon ne - None - None ~ A ~
oe 0-10 None 0-10 Noneo

None 1-0 None 1-0 None A shelter is to be dasiped and constructed for a nominal 35-psi ovrpressure rating. Footings
________il bow__ b arn a clay-type soil of cedim-stiff consistency. Backill over and around. the shelter

S*241nchei 1-2 113 cE 2
4
1rich&% 1-3 43 a 2

4 
inchos' Will be clean sand and praeL. Mi Table 1j. with ovsrpresssw' of 35-psi and sand-paval backfill,

e4 1-0 3c3l/ 1-0 - 3 4 2ri, the footing lead Is found to be 30,000 pounds per lineal foot. 7elocal building code establishes
_______a bearing value of 3,000 pouds per squawe foot for indium-atiff clay, while Table I! gives

a 3' ih 1-0 03e 3 1I -0 1"'3 e 2 'A 1i 4,000 pounds par squace foot. bt uilding cede value of 3,,000 pounds per square foot will be used,

7x it 11 1 1- 1* Ap. 1 1-0 1 s4d L Ince it is the smallsr vaINaS. F9411 Ts1bleIMo with a footing load of 30,000 pounda per lineal

4.2 L 1-0 14 a-3 l/,e 1-1-2 -4& E '± idth of 2'-6" is found. Fran Table ZVifcw I feetdzgload of 30,000 pounds per foot and a fact'..g width

e 3 ',/ I1l i SE _/_J 12 or 2-.6", thes thickness is found to be 20', and the transverse reinforcement Is No. 3 bars at 4-41
S ~ 1 35i 11e '6 4'/ V 1-2 [ 42 4 spacing. Othr footing deteles awe as chame In Type 3.

BLES WA Inch on the diameter. The dssiqnatlon 03 niln-
cateb a rod s/e, inch In dimim,.ta,.

wide at a depth of 10-6" below grade.

roting 71-0" wide, and or'e tc be rediuced
3t-0' wide.

equire picking for removal, and offer high



TYPE .

..

e~ 2
AA

7

S ForI.t 'iAW " .

2;-TO V"0O

TYPE Z

TT.FOOTING "N"W.' SO .
_______________________FROM TA

2 1O0

1-8

.4 3 2-0

4..4 ~-6

1. C n r~ ' R EIot n P. sib~ll hive Pcompress ve 3-e0hno; l 8 8 o

. 3:-0
IWC 

an 
W

6-o

3 CL FowriL)r W1QTbW"W

2:-&7To 81O W1I Norms

TYPE- 2 2. Bear,

a..3. Cotnps

Details not noted on Types 2 and 3I are same as showno Type 1. 4. Loose

F ooting thickness "D" and, transverse reinforcing ba rs OA 11are5.Hr
scheduled in Taeble IV. 5. Hard

C~EJAL T~'6. MediL

T; Soft

1. Concrete for footings shall have compressive strength not less

than 2,50 II/sq.in. at 28 days. 8. Car
and v

P.Reinforeinw bars ahall be intermediate grade deformed bars to A. .. a
ASTM Specs. A15 and A305. Y. %,.eay

*nd I



33 Soft cleay 2,000 _.. .... e., VA that

Adobe 1,000
beneath the foc

to Compact Inorganic sand and silt 1,500 exoavated sit@,
caotei," is ft•

Loose inorganic sand and silt 500 staatma for

2he naras&
TA.LI I1 qualified sells

_'SIDWALL FOOTI04W- WI. TAS EQ'D-'I l'. ; LOAD &Nt•5 WOr1MAAL q&F: IL'AR•Jý.. rPcL,.dT4 bearing soa

NORMAL SAFE FOOTING WIDTH REQUIRED INiFEET AND INCHESTYPE OO SOIL FOR FOOTING LOAD OHOWN_(POUNDS/LIN. FOOT) Durl c,
BENEATH FOOTING BEARING CAPACITY -e_ a

10,000 20,000 30,000 45,00 60O bearing -a-soiit

HARDPAN, CEMEINTED 20,000 lb/s.f. 1-0 1-0 1-0 1-0 1-0 elm andishape

GRAVEL, OR LEDGE ROOK adcent grae.

12ooo lb/s. f. 1.-0 1-0 1-4 2-0 ;-6

10,000 1-0 1-4 1-8 2-6 3-0 Footings f
ofthe soil ft

8,000 1-0 1.-8 2-0 2-6 3-0 directly, but
COARSE-URAINED NON-
COHESIVE SOILS, SUCH 6,000 1-0 1-8 2-6 3-0 4-0 baSUlin to be ibearn oNacit
AS GRAVEL, SAND, "ID 4o000 1-4 2-6 3-0 4-0 5-0 bame a safety

0RAVEL AND SAND •000 1-8 3-0 4-0 5-0 6-0 conditions.

-2.000 2-6 4-0 5-0 6-0 8-0 Bearing n

1,500 3-0 5-0 6-0 8-0 fa in this
an~essie iettJ

1,000 _ 4-0 6-0 8-0 - static beaing

.Womal sal
12,000lb/ s.f. 1-0 1-0 1-0 1-0 great TUiti
10,000 1-0 1-0 1-0 1-0 1-4 aaW be d to

variation in tk

8,000 1-0 1-0 1-0 1-4 1-8 in aricuspartFINE-0RAINED COHESIVE than - in
SOILS, SUCH AS CLAY AND 6,000 1-0 1-0 1-4 1-8 2-6
SANDY, SILTY OR 4,000 1-0 1-4 1-8 2-6 4-o by a soils ene

ORAVELLY CLAY 3.000 1-0 1-8 2-6 4--0 5-0 Tab]
of soil. beneatt

2,000 1-4 2-6 4-0 5-0 8-0 soils axe Intez
1. 500 1-8 3-0 5-o 8-0 - oraina, th

1,000 2-6 5-0 8-0 - o

L- In astab2J
of footing vidi

TAbLE IV soils. No
FOOTINC. STEEL r1EINFOI.CEMENT SCWlDULE FOr •IDEV4ALL FOOT;WCSi

FOOTING WIDTH FOOTING LOAD LS/LIN. FT. (FROM TABLE I) %be dwtaiJ

"W"(FTIIN.) 1OO00lr/i.F 20,000A/.F. 30,O000LiL.F. 4,0OOLB/L.F. 6oOO00B/L.F. TabeIVsm f I

FROM TABLE II] D EINF. "A" D REINF. "A" D REINF. "A" D REINF. "A" D REINF. "A" footing detailm

1-0 - None None - None - None - None

1-4 0-10 None 0-10 None 0-10 None 0-10 None 0-10 None

1-8 0-10 None 0-10 None 0-10 None 1-0 None 1-0 None A shalter

2-0 0-10 *3 % 24 inc 0-IC 36 241nchai 1-0 e3 A 241nahtt 1-2 13(a 24 inmhs 1-3 833 2ainhhsl .12 bo clean
2-6 0-10 '3 0,6 0-10 03t6 0-10 36O 4 i3 1-0 13a 31/Z. '1 -0 -39 2T2, the fotingl

___________~~ - ____ bearing valum3-0 0-10 e3 e 6 ', 0-10 3 5 , 0-10 `3 k 3h 1 1-0 31 3 11 1-0 03 6 21/, ,i 4,0C0 mo i
4-0 0-10 '3e 6 " 0-10 s3e 5 " 0-10 1363 3 I 1-0 13' 3 ,, 1-0 ' 36•2 ,, erinetit

................ _foot and fine-1
5-0 0 0-10 '3 a6 -o '3Q4 i" 0-10 *3e 2y411 1-0 4 P- 3z"1  1-2 14d3'/1 , widthof 2-6"
6-0 0-10 '4 e10 , 0-10 -4e 5 0-10 -4O 3/3VII 1-0 15 4/ 1,1 11-2 '564 i c 2,411, nI

8-0 0-10 1'4• " 0-10 64e 3 t " 0-1O '56 3A. 1] 1-0 16* 4 , Yi 1-2 16- 4 ,

1* Reinforc*ment steel I fabricated In inartmants dF
TERMS USED IN TABLES % Inch an the dismeter. The designation 05 mndi-

cats a rod e/s ineh in diammter.
1. Normal safe bearing capacity as shown is for a footing 31-0" wide at a depth of 11-6" below grade.

2. Bearing values for coarse-grained soils as sheen In Trbl;! ar-tfora fooing 3'-0" wide, and are to be reduced
in direct proportion to footing width for footings less than 3t-O' wide.

3. Compact gravel, sand, or sand and gravel are deposits which require picking for removal, and offer high

resistance to penetration by excavating tools.

4. Loose gravel, sand, or sand and gravel are deposits which can readily be removed by shoveling only.

5. Hard clay requires picking for removal. A fresh sample can be molded in the fingers only with the greatest
difficulty.

6. Medium or firm clay can be removed .by spading. A fresh sample requires substantial pressure to mold in the
fingers.

7, Soft clay can be molded in the fingers with relatively slight presspre.

8. Coarse gravel is particles retained on a No. 10 mesh sieve. Coarse sand passes No. 10 and is retained
on a o. 4O mesh sieve. Fine sand passes a No.40 mush algaredhI retained on a $ 270 mesh sieve. Gravel, sand,
and mixtures of gravel and sand possess little or no cohesion when dry.

readily be broken in the fingers.

10. Silt is particles smaller than fine sand but coarser than clay. ' Its cohIeIVS strength when dry is slight,
and lumps can easily be broken in the fingers.

14s &PPIZOVEb &I 1



-1----~---@Oil-------t--t giving the higher footing lead in labia 1.1. 1,000 VGA*, determine thl: type of soil and the normoal safe bearing capacity of the in-place s01lI~t . bneth the footing.. On *te of S013. in determined by preliminary boring., inspection of the
Id and ailit 1,500 arto site, or records or previous conunatrimti in the imodiate area. Th. 'normnal safe bearing

end slt oimnItye aIls tebeainger vbalue ofth abwulatbemod inprpermiosibe g "acimle, of bpeuilding andoter
ni ilt500 struetimea fot resistance to nommal aol-rice 3mads esemasime of vied, earthquaem, or isopect loads.

The normal safe bearting eapesity can be established by ý&)" aSpecial soils investigation bya
MID -Nft%"L -PL9NtI~n -- CNPCATI -- ossrs~ copiitiAsirou local building and.., pr-(u) -mea rommmrm Tosearing vlues from Table 3. -,

ING WIDTH REQUIRED IN "EFT AND INCHES -
FOOTIING LOAD SHOWN -(POUNDS1/Llt. FOOT) - -Bearting capacity in -expreoltd-in talus Of -pound. per-aquare foot of footing area.- The actual_ _
000 20,000 30,000 45.000 60.000 bearing eagimaitiei ane dependent not only on ths typeand properties of the soil, but also an the

sie and ah"ateo the footing. Val=&s shown in Table 11 and as used in succeeding steps of
__ 1-0 1-0 1-0 1-0 proportioning footing. for shelter$ are for a footing 3 feet wide at a depth of 14/2 feet balow

F INGT'adjacent 
grade. 11her e bearing values a an e stated in t aras of ot her vidths or depthsa sppropriate

0 1- 1-4 2-0 -6 "IdUsnts Must be madef.11y a .qualified Soils engineer.

___ 1-4 1-8 2-6 3-0 Footings for shelters are proport,..oned on the basis of the expected ultimate besting capacity
of the soil =mder Ayneadci conditions of loading. The normal safe bearing capaity Is not used

__ 1-8 2-0 2-6 3-0 directly, but.Is an Indication of thu expected ultimate dyando beating capacity. For consistent
b 1.8 2-6 3-0 4-o results to be achieved, the normal safe bearing capaecity must be reaisonably related to the actual

beeriep- cegoacity of the soil.. It Is assumed herein that v.1w.s of nomual safe besting capacity
4_ 2-6 3- 14-o 5-0 hmv A safety factor of 2.5 to 3.0 with respeot to actual foundation failure under static loading

8 __ 3-0 4-o 5-0 6-o sanditions.

6 4t-o 5- 6-o 8-0 Bearing values establishad by a soils engineer can usually be expected to contain a safety
0 5-0 6-o 8-0 - factor in this range., An exception may oceur where low bearing values ane proscribed to avoid

excessive settlement uinder sustained loads. D1 this oaes higher values based an the actual
0 6-o 8-0 - -static bearing capacity should be used.

Nornal. safe bearing capocitinesteabelished by building codes of different jurnisdietions show
1..0 1-0 1-0 1post variation in values for soils of apparently simllst description. To sewB extent, this variation

0 1-0 1-0 1-0 1-4 may be due to actual variation in properties of local soil frmations. It any also be due to
- vsriation In the actual safety factors. Values Un Table n rapesent a fain mvrsage of building codes

0 1-0 1-0 1-4 1-8 In various pu~ts of the United 3Wtate. Where local building cobs values ate much bisber or lower
0 1-0 1-4 1-8 2-6 then thoee in Table n and ane not jlustified by local conditions, as detezzined by a soils analysis

14 1-8 2-6 .0by a soils engineer, at~ustmnt can be made In the local coda values.

0 1.8 2-6 4-0 5-0 Enter Table XU with the foundation load free Male I and the type and bearing caspacity
____ _______of soil beneath the footings to determine the required width of footing in feet and inches. If
26 4-o 5-0 8-0 soils san intarimsdiste In characteristics between the "eoazse-greined, noteohesive" and the "fine-

3. 5- 8-0~ - grained. asohsive' gpouoa of soils, an intersodiate width of footing may be selected, or the wider

6 5-0 8_0 - oft-tomyb sd

In ectablIshing: footing widths As shown In Table MU, allowance has been made for the effect
- -_______of footing width on bearing capoaciiy, and the difference bewteen static &and dy'cinic resistancee Of

FOIZ -SIDEWALL FOT00?N4B soils. No further ad~justment Is necessary for these factors.

- (FROM TABlE 1) Mhe deatiled design of footing. is shown In 2~aIs 1,2, and 3. and in Table IVs Enter
Table IV with the footing load from Tlable I and the footing vwidth fror Table II to daoterodn the4590WOSL.P. 60,000ILB/L.P. thickness or the footing base and the @sia and spacing of transverse reinforcing bars. Other

"A" 1) REINF. "A' D REINF. "A" focotin istls awe AS shown In the appropriate Ty'ps 1, 2, or 3.
- None - None 11= 1T AM

0-10 None 0-10 None
- A shelter is to be designed and constructed for a nomiinal 35-pei. overpressure rating. Footing.

1-0 ALNone 1-0 None vill best an a clay-tyips seil of madiw.-stiff consistency. eackf ill ovver and around the shelter
4 inche 1-2 a 3 GR 241nchas 1-3 3 I 24 inchea will he clean sand and grasval. Prom Table Is with overpressure of 35-psi and sand-goravl backfill,

ii 1-0 s`3a 3 1 1 1-0 'L3 g 27/~ the footing load 'It found to be 30,000 pounds per lineal foot. emebulngceetaiss
-, - a bearing value at 3,000 pounds per equase foot for moditu-stiff clay, while Taoble II gives

'A 1-0 *3e 3 1-0 '3 2 '/.L 4#,C= pound per square foot. Me. building code value of 3,000 pounds per square foot wiln be used,
11 1-0 1 -e ' - 3 t 2 s ince It is the smalle*r vaLmu. From Table II=, with a footing load of 30,000 priomds per lineal

'3 e3 ' -0 ________ foot and fins-grainad cohesive soil of 3,000 pcrunds per square foot bearing v.1w, a required footing
1-0 1 4 P-3 V11 1-2 04 6 31/z ' width of 21-6" Is fond F. Tle ZV,for fooftadload of 30,000 pounds per foot and a footing width

1-0~ ~ e5 1/ 12 * 4 , of 21-15", the thiehuess Is found to be 10', and the transverse reiLnforcment Is No* 3 bans at -""
-- P0 45 41/1 11 1-2 ` spacing. Other foeting dyetals are as shown In TIPs 3.

'/" 1-0 1*66 4_Y2 to 1-2 066 i
* Stlnferraloait steel Is fabrectiots In in4riomornta dF

WA Inch "n Ith. dlarmatar. Th& doisiqrflon 03 Indi-
cIbsct rod I/& inch In dinomttr.

at a depth of 11-6" below grade.

nq 3'-0" wide, and are to be reduced
0' wide.

lire picking for removal, and ofrer high

iadily be removed by snoveling only.

ioiled inr the fingers only with the grcatest AMMONic fltS0~CaIP'nse M.P

UNITED STATUS
sequires substantial pressure to mold In the NAVAL RADIOLOGICAL DEFENSE LABORATORY
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'esslre. AWN

irae sand passes No. 10 and is retained
ned ona 9b. 270 mesh sieve. Gravel, sand, C"94505 FI.3--
Ien dr.16 3 SHELTER SIDEWALL
on sonen ury ro lurm nera iucnpa w[.:Lnt uaritivow

Its coheelve; strength when dry is slight, J s.n.4~ 5J51 1C fU
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TYPE OF SOIL NORM

-rP 
ENRNATH FOOTINGS BEA

Coarse-graine~d, non-
cohesive soi.ls, such as-
gravel, sandfrwow~Bfd
gravel.

Fine-grainled cohesive
soils, such as clay and
sandy, silty or

4. 
gravelly clay.
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TABIE A

UNIFORM BEARING LOADS TO ENDWALL FOOTINGS

FOOTING LOAD (LB. /LIN.FT,)
BACKFILL SOIL TYPE •?o - 10 PSI *Po 35 PSI

The endvau footim
- - -Gravel, sand, gravel and sand, prs1sue ratlng for whl

Gravel -- aand-silt and gravel-sand 2 500LB/L;F. 7,50OLS/L.F. bmekfil-adjaent to so
-Glay mixtures, or crushed rock ,.__ ,__n-_laee sol benesth I

Inorganic cliy, gravelly clay, sandy Table A establiahe
clay, or silty clay of medium to low 2,500 7,500 fotn. ter with i
compressibility and plasticity _ _ terltns the fomdatic

Inorganic silt, very fine sand, fine e proper elusllatl
sand an- silt, or soft, plastic, 5,000 15,000 Naet, determine Vcompressible cIay Igal beneath the foetalz

*Po Design blast overpresaure rating of Shelter. ct the excwated site,

safe bearing capacity I
building and other st.3
earthquake, or lmect :

TABLE B Te nomal safe4
by a qualified soils e:
safe bearing cameoitmeMMVALL FOOTING WIDTHS AS REQUIRED BY FOOTING LOAD AND NORMAL SAFE FAR1NWC CAPACITY fram Tfble 1, Fig. A-:

TYPE OF SOIL NORMAL SAFE FOOTING LOAD - LB. /LIN. FT. For definition of
BENEATH FOOTINGS BEARING CAPACITY 2,500 5,000 7,500 10,000 15,000 Fi. A-Z-IN.

Miter Table B vir•
of soil beneath the foIf soils ae Intergezd

10,000 1-0, and the "fine-grained,
1,000 ,1-0 1-4 sleeted, or the wider
6,000 ____ ____ -0 l-~4

14,000 1-0 1-'4 2-0 Mi detailed deal
Coarse-grained, non- - 1-0 l-'r o t fo- 2he
cohesive soils, such as 3,000 1-O i_4 1-8 2-6 with the footing width
gravel, sandors•aWand 2,000 1-0 1-4 2-0 2-6 3-0
gravel. 1,500 1-0 1-8 2-6 3-0 - ta foting Ges (

1,000 1-4 2-0 3-0 - -

4,000 or more 1-0
300o 1-0 1-4

Fine-grained cohesive 2,000 1-0 1-4 1-8
soils, such as clay end
sandy, silty or 1,500 1-0 1-4 1-8
gravelly clay. 1000 1-0 1-4 1_-8

TABLE C

FOOTING STEEL REINFORCEMENT SCHEDULE
TOR TYPE 5

FOOTING WIDTH RFINF.BARS "A"
W' (FT. & 1IN,) (All Loads)

1-4 None

1-8 None

2-0 3 ( 24

2-6 3 6

3-0 •34 6



LIST OF MATERIAL

OIlNGS - , --, O~mQ

FOOTING ELOAD (LB. /LIN.FT.)
tPo - 10 PSI 'P - 35 PSI

The endwall footing to be used wtth a paticular shelter is dependent an (a) th over-
pressure Waing for wichjo the shelter Is to be designed, (b) the type of soil used for

2, 500LS/I.F. 7,500LB/L.F. bekfifl n djaemt to and over the shelter, end (a) the type and bearing capasity of the
_in-p.cac soil beneath the footings.

, bla A establishes the bearing load that must be supported by the continuco ensdval
2,500 7,500 tooungs. Hater with the Overplessure rating and the type of 501 used for backfill to

e4terin- th. foundation load in ponmds pew lineal foot of footing. Where doubt exists as
to proper elassifioe*Ui of bankfill soil, use that giving the higher footing load in Table A.

,0015,000 Next, datermin the %W of soll and the "normal 5safe bearing capacity" of the in-plaese
F_1 _____ soil beneath the footingas The type of soil is determined b preliminary bomins, inspection

;hel ter. of the eaeavated site, or reecrds of evious construction in the ivndiate area. The norma
safe bearing ca•pat' Is the bearing value that would be used in proportioning footings of
buldlngs and other strumtures for resiatanee to normal service lo@ds exclusive of vind,
earthquake, or Impact loads.

The normal safe Ubaring capacity can be established by (a) a special soils Investigstion
by a qualified soils extatneer, (b) use of tabulated "permissible," "allowable," or .,presumptive,,
safe bearing capacities from local building c•oes, or (a) use of recoended bearing values

NORMAL SAFE BZAR1NC1 CAPACLTY fr Tble II, Fig. A-2-2S.

.- LB A/LIN. PT. lb. definition of n=om sate bearing rA.pa•ity (Table D), see notes that appear in

7,500 10,000 15,000 t

Qxter Table B vith the foundation load from Table A and the t"neand bearing capacity
of soil beneath the footings to determine the required width of footing in feet end inches.

________ _______If soils ame intermdiate in ahereteristics between the "ccarse-prained, noncohesive, V

1-0 and the "fine-grained, cohesive" groups of soils, an Intermediate width of footing may be
1-0 1-4 moested, or the wider of the tvo may be used.

1-0 1-4 2-0 The detalled design of the ranige of footings are shown &as 1'pes 4 and 5. Steel
reinforcement for the footing Aesigp sham as Type 5 is determined by entering Table C

P -4 1-8 2-6 with the footing width as is gven in Table B.
2 3 In th event the endrall footing width as determined In Table 3 is 1 foot, the

2-6 3-0 - total footing daeni (including steel) is that shown as Type .-

3.0_ -

1-0

1-0 1-4;
1-0 I-4 1-8
1- -8 ,-



dtermline the foundation load in pounds per lineal foot of footing.-where doubt uiftil &A

to Proper cleassification of baokfill soil wse that giving the bil~her footing load In W4ble A,

5,000 15,000 Net# determine the type of sonl an the "namal safe bearing oeaity'" or the in-piee

Soil beneath the footings. Sm t. of soil Is determined by preliminary borings, inspection
S oiler. Of *b 0=4711ed aija, or raeards or Imuviouo eonstruction in the immedate &"&. The nrmll

Dafe bea.Ž,g cGrapity Is tha befring V%2= that Would be used In proportionin footings of
buildinnp aa other structuras for resistance to normal service l.0mg exclusive of wind,
earthquake, or impaot load.

Th. xm.Ao aaf bearing critV an boo catablichod by (an) a. npceial acile impectirtior
by a qualified soils en ~neer, b) useof tabulated "pernusiblel' "allowable," or "prewstive"
safe bearing-capcilepii fro ocal building codes, or (a) use of reonded bearing values

'D-LB M. A F. F__Por definitibon of nomsla safe bearing capacity (Teble B), see notes that appear in

7,500 10,000 15,000- Fig. A-2-111.

EIher Wable B with the foundation load from Table A and the type d bearing capacity
of soil beneath the footings to determine the required width of footing In feet mnd Inches.
If soils we Intermediate in characterisicts between the coosree-gesined, noncobecivo,"

1-0. -and the "fine-psidned, coh~esive" gro' of soilo,- an intermediate-width of footing my-be
10 4aleated, or the wider of the two may be used.I_____ -o~ • 1-4

1-0 1-4 2-0 The detailed design Of the range of footing. a• shown an Types 4 and 5. Ste4l
reInforcement for the footing desige shown am Type 5 is determined by entering Table C

1-4 1-8 2-6 with the footing width a• Is given in Table M.
2-0 2-6 3-0 in the event the endwall footing width an determined In Table B is I foot, the
2-6 3-0 - total footing design (ineluding steel) is that shown as Type 14.

3-0 - -

_______ _______ 1-0

______ 1-0 1-4

1-0 1 -i4 1-8
1-4 1-8 -

L I '•- l -I
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