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SUBJECT: Monthly Report - AID Werk Assignment No. 13
PERIOD : To 31 May 19621

TCPIC Y. PREPARATORY WORK
" ﬂ) Arithangel'skiy, M. M., D. I. Dzhincharadze, and A, S,

Kuris'ko. Raschet tonnel'nykh obdelox (Destzn of tunnel
linlngs). Moskva; Transgzheldorizdat, 1.60. 344 p,

~ X7

psriaental Detarmination of Rozk Pressure in Undercrcund Areas

r~' 3]

::p. 53-44)

ncionsifie interect in underzound ecunatrucclon, particularly
“u o thiat LY rneradts a check of the validlty of tneoretical aa-
peciy and tne detenmalrnacion of some emiyirical coaefficlents
reculzed In sbrength cilculationa, Tz authors of tils work

nlase o

foverimental Cetermination of reck nraoscure 13 of great

; oaeda of detewntning roclt pres.v—e into the rellowing three

srowpa: L) dircet u2azzuring of the prascurse i a given area
by naezng of ealw.onar Sepaacneters, 2 indiraqt‘methods, in=-
volviag Sz weaaurencnt of deloraaticns (znd ngnce strecses)

Ja 20t lng structaras or liners and the caltulaticn of rock
Cpvestere Srom the valnes ortained, and 3) éirect mzasuring of
rock nro-sura at various rolnts by sneeinl Instruaanta, usually
of “he diaphragm type, called "gecteschnical gages,"

Cne of the simplest columnar dynantmeters used for direct
meaguretiznt 18 the one dasizoed by Academiclan A. N, Dinnik
fvig, 1). %he dynzacmatric column conslots of metal tube 1
with Lo metal blcodea 2 walded %o the tubirg. The reduction
of tubingz lensgth !/ under pressure 13 measured by nieans of dee
flectlon £ of tixe metal blades,

‘e columnar dynancmaber dealgned by Engineer D, D,
dnlov.:chev consiasta of 2 hollow cylinder with a taut string
paiatag through its axdz, An actuating electromagnet {a
plrced near the strinz, and the wires of the magnet ure brought
out thioush the pipe a%t the boultom of the dynusmormeter, This
dyniso t2ter 19 based on the “siring method" of Profcssor N. N,
Davidenkov, (In this method stresa 18 calculated from deforme
attlon, wnich is dete¢wvmlned from the "tune" (number of vibrae
ticns) of a string In streseed {loaded) and unstressed (un=-
lowed) conditiona, ] Dynamemeter a (Fig, 2) 1a placed on a'
supgorting stllar and predsed against stecel plate b aftuated
on a grouna tie, - With an cuter dlameter of 80 mm and an inuner
dlameter of 75 mu the dynamcmeter 1s intended|for S~tou press-
urce but can be used with a double overload (i.el., 10 tons).
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Pig. 1. | Fig. 2

Aluh the tudirsct mzthed, wire strain gnses «ré the most

aCcurat TuuUS of azusiviciv< deformatican,  In 1849 the All-
vnton Sile lzecazen Ioutitute of lirve Sacveylnz made

uge ol Lo 4319ﬁ:;3tur cratooed vith wire straln gases,
vhioh doeforiations £ e C ""‘”‘C. ,t’i’ walls, Basle=
ally, Dovles (F1s. 3) constuta of a [ 0030 dynimometer
and a “::;uring statien, whe JCE-30 Ls 1ade up of' measuring
chell 1 st wiie otoadn ooces 2 conenied La the Interlor
4°1xa, he An:st-stan stivtn-cencitive ulre for the gases 1is
0.05% 1 'n dirmaeter,  Tae rhell Lo crclu“ej Ly two covers, 3
tand % T

, and 204 sn Lace H with B211 ~u vJ ¢ 6. 4“he base and
thoe top cover nre held togethier by thoce «orings 7. Pln 8,
prorced into the hole of :ha tnn cover, se sved for centering
the Gacrsmetor ou the cupporting pillor. Tro cadles ure
passed thirousn holes 1n the shell wall and cornected with
ne cooled of th2 easnring aotation,

talder the effect of Cop pressure the roooueing shell and
coarrtcrtly tiie wiro oo undevso defor-ailoa, hich changes
tho it o restatanee,  ‘Mhie chinge of vealstasce 1g wmeasured,
ard the nreLIRy tuslalned by Lhe shaell and the pillar can be
detoer tnedy CoM imynp dynoncneters are very cocivenlent be-
czu~a of thr ~onner 1n which they are placed divcctly under

fho n';.\'txns plllaea oo a3 not to interfere with the tunnel-
ing viorsk,

or morasaring L"toﬁﬂdtiona and bvending atresses of upper
vouden tortu Davidentovts "string mzthod” can be used success-

fully, Hllh g rathod scerewas are secuccd to the upper beam

(1, Fiz, ) or the frame deing tested, Thin stecl atrings are
then cocetchod Laut between the cerews, The “tune” (number
of vinrrattons,; of the strings 18 mensured, snd the beam is

untoadod by ralislingg nelghbocing berms 2 with acrew Jacka 3.

After the bezu han been unloaded, the nuwrber of string vibra-
tions 13 measured orce again. The difference between the
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Fig. 3.

nuaber of vibrations for each mersurement deternuines the
chinnge in otoing langth and therefore the change in wood-
£ibar length betwsz=en the screws and the ilntensity of the
load, )

Fig. 4.

Pavidonkov's method can be used to measure deformations
in a varlcty of structures, In tunneling it 18 used only
for urner yooden bemms, For neacuaing stregses in nictal
supports and cest-iron liners the bonded wire strain gages
are wovae ecdventagoeous, .

. The dircci-rmeosuring of rock pressure at various points
18 acecozplilishzd with "peotechnical guzes,™ These gages use
uzlly concint of a metal slecve with a thin steel diaphragm
which doelleeta vnder the rock preussure, Since the magnitude
of detlectlon 48 very amall, hish-accuracy inatruments must
be uscd. 2relinlnary to measuring operations these inastru-
ments are calibrated under static pressure, and a graph 1is

plotted for each instrument,
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' Tha All-Union Sclentific Research Institute of Highway
Conatruction successfully uses string gaces snd gages employ-
ing 1nductance tranaducers, PFiz. 5 1llustrates a siring gage
where diaphra~ M of the cylindrical steel housing is sub-
Jected to vrock pres3ure p, 2y =eans of owlich O electrowag-
net F 18 enorzized by a carrent pulse which causfes vibration
of string C, String vibration in the mogaetic fileld induces
&n elechrecniotive force In the winding, Ghe current frequancy,
and 3tring vidbration frequency, 13 determined by comparison
vvith the lreguency ol test ginerator G. When dlaphraga M
daflects under rock provsurs p posts X turm at a cartailn angle
and Inereanc tie Sightnegs of string €, valch 1s siretched
Belwer ar cd2 pests,  “he vibeatl:ia frequency of € 13 thus i~
erxiizd,  leck pressure p 13 thon deterzired by means of a
otted fcr frequency as a function of
preasure.

- au

e
ot

soliibration curve pl

Fig. 5 Fig. 6

the echeaatle dizzran of A Pzactochnical Van' erloying
an londustirea vrasdieer 13 shown In i, 6. With the deflec-
tlon uf the dluoshen 2y, ~op 2 d:cic2zes, charnzing the induct-
ance ol the Andinr,  The rock mresaure 13 Cetermined from
the callbpllson eusve plotted for lnducl.nce as a function
of nrelisure,

e,

-otachnical gises®™ are placed in nosifion for long per-

Ledas of L1e and as a le canet e renchied alfter conatruction
i 2o yYeted,  Sfoee hetr rollabdillity rust be very high, they
ave b hleally senled (o preveat penetration of watar or

WALL vaune,

Tha Pivision of Tinnels and Subways of the All-Union Scle
collSle descareh Ingritune of Rallwsy esi«<n and Construction
Ao eondieted a gestes ot oxpecimenta in G cact measurliug of

eocll prcasure in tunaels by menns of string gages, For re~
Itale che asarth, sand is forced

ceatart of the gagra wilh @
b:liind the Eunpel Wners, " The oesult of eauurements with
the string .age3, as well an those made wiih wire strain gagens,

Were consldeved satialactory,
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,gggx%ov Computation Method for Monclithic Tunnel Linings
\eP. 49-117) ' -

The cemputation method in the design of monollithic tunnel
lininzs developed by Professor S, S. Pavydov has found use
in the desizn of ralluey and highway tunnels and special-
purnnge underzround atructures, Davydov considers that the
arch of a tunnel l1lininz 1s subjectzd to rock pressure and the
side walls, to volwuetric forcesand elaatic resistance.
Around the lining an elaatie layer of rock forms which works
tocether with the lininz (Filg. 7). The thickness of the
elagtic layer 18 determined frem thils equation:

max 0 = 1.2 01r1¢t, : +1)
where max ¢ 15 maxiam rock pressur? aleng the side surface
cf the wall after conatructicn of the lining, and g tqit, 1Is

tiu2 original rocok pressuve bzfore the 1llalng was installad.

voluret=ig

S‘
N :
riptd &
wa ¢ ik SR s S )
11 :?'{ :1_|f' sz S g——-.mll
S TR e e e s A

ectivy or olasiic rie' lnyer

Jraticrary layer 7
Y 12y .

The thicness of the elustls layer at the base of the
structur? cin ne determined ty N. A, Tsytovich's formuia:

Hy, = Lim®2 g
b =2 ~:-- - - Q (2)
1--2i9

nhere po 13 the coveificiont of transverse expansion, Jd¢ 13
the width of the wall bise, andw 18 a coefflcilent depinding
on the ratio of the length «f tre underground area L Lo d¢.

By designating
2. Q=itgdd 4 —
N TH :
this equation 13 obtalned:

Hp =l ‘ (3)
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For values of L/4, from 1 to 10 and higher, the valueiiof L
vary within the following limits. forp, = 0.2, from 0.9%
to 2.26; for By = 0.3, from 1,08 io 2.60; ard for u, = 0.4,
from 1.58 to 3.82, f

The elastic characteristics of° the rock are functicns of
generalized modulus of longitudinal deformatior E, and cu-
efficient of transverse deformation jj,. Por sand or clay the
generallzed modulus of longitudinal deformation E. in kg/cm?
can be determined by fersavanov's formula: :

§
1

‘B. = u_..u..u..au_ . AtA (v)
1+ 4% . !

where § 1s the zoefficient of side pressure; a is the co-
efficient of density increase with the increase c¢f pressure
as determined from the compression curve; and A is the length
of a section of the vertical axis of the compression curve
A=E +ap =E +ap in which 3 and E_ are coefficients
of rubk porbsity®at prissures p, ahd p,. * ’

© The generalized modulus of longitudinal deforwmation can
aldo be determined from compreseicon-test data by this equation:

‘. -a.p‘/aw" ‘5) .

where P 1s the die-iwpression area (cm?), p 1s the rock
pressure (kg/cm?), S 1s contraction (om), and a is a coeflic~-
ient which equals 0.823 for sand, 0,761 to 0.7M7 for argillac-
eous soil, and 0.735 to 0.722 for clay.

The value of the coefiicient of transﬁorlo deformaticn is
determined Dy this equation:
‘ |4

Ho & o= _ {6$

148

The values of Ee and 4, in the firet apgroximatiocn cun be
tuken from tables [presented in the book]. The tables provide
sufficient accuracy for preliminary design calculations.’

According to Davydov. the deeign of the tunnel lining be-
gins with the selection of dimeneions for the tunnel. (The
tunnel shapes and dimensions for vartous types of rock — eix
tunnel srapes — &re given in tavular form, The thicknese
of the lining in the various cross sections is determined from
the value of the rock-strength coefficient and the dimenaicns
of the tunrel croes section, The rigldity of the lining wall
13 determined by the following equiation:

RE. - u? s .
A2 ¢ e e e C 7)
HEI i~ W '
.6 -
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P
Values E, and Mo are compiled from tables [presented in the f RN
beok]., Term RI 18 equal to £-td’:p12, and B i3 the coefficlent L:¢‘
of trunsverse d:zformation of concrete, usually 1/5 to 1/6. s
Term € = 0.2 hy, where hy 1s the hielght of the lining wall. e

The dii.cnsions of the tumnel cross section in daylight
must satlsty this equation:

o € 87 ____&D_fcz" - (8)
[

whers 1, and fo are darlight dimensicns (Table 1) and fip 18
tr ¥ rock 8trength cuefficient.

If thls ecaation is sotisflied, the herlzentul components
of volwaztele forces cting A5a7.ast the wall fully neutralize

o nordicatal ccopencat of Lhe arch proancare, In thls cose
tae aveh 13 calculacaed withent ceasideraticn of abutasnt dis~
I):MC".'ET;L;(‘C. id 8

she oermaclion 15 not satloiled, the horizontal
ceuponents ol velanigwrice foerces ooanot neutralize thie forces
remothr crzan oo diod b Cho top of the wall, and the wall

Will riove ot oed ewel
¢ the aoaeh 16 zonlla
ally dicplacing atntlm

23cure on the reek, In this
a uysten reuting con elastle~

Vien 270,05 and aquaticen (38) L not zcotlafled, there are
A rl i wall ond a penersY ¢oie of ceclculaclon,. 4Wnea 2 0.05
and ceaation (B) 28 satisri-cd, there arz a 1igid wall and a
portloular code of calzuiation (Swe:r Davydov, $. 8. Rasshet
L oproyektirosns e podcoanywor zonotvekisniy {Lostan and Calcu~
latten of dod coreand Struciures]. Sﬂo:kva], Stioylzdat,
1920).  Whea > 0,10 and ecuitlien (3) 13 not satisfied there
Ara s srasute aeall oand a oceneral cace of calculation., wWhen
% - 0,10 and couasten (3) L3 catiafied, there are osn elastie
11 L ud a poetlcular case of calculation, When ®-0.0% and
0,10 the wall can be ¢onstderad eitler rigld or elastic.

Al prescat tie deslgn of tunnel lindngs 18 carrled out
In two :taces,  In-the first stage the main dimenstons of the
Viakng aee deterained on the bosis of nast experience. In
the snceord stage the aclual working design L8 prepared in
ahleh all diuaensinong of the lining are determined on the basls
of atrengeh cnleulations, However, even aftev the second atage
hi13 beon completed, the destgn can be modiried sllghtly to
conform to gprcific grologleal ennditinnag discovered during
tunneling.

The Davydov methed 1a tllustrated by two sample calcula-
ttony, The [lrst requires the desiyn of a concrete tunnel
lining with a rigid wall under conditlons of mobility of the



arch . butmenta (Fig. 8). The rollowing parameters are given:

10 = # 50 m; hy = 3.00 m; depth of the tunnel underground
6.5 m; inconpetent rock Wioh a streagth coefliclent of

O 6 angle of intarnal Crictis @ =30°; “modulus of lengitud-

inal ceformaticn Eg = 2000 tcu,“ 3 cwefficient of transverse

deformation Yo = 0,3; speciflec welpas Y = 1.5 ton/jm’. :

EIEN | L
g ~. | W Ao e
—~—l T :_’/ :
u Ty
hom Ly o rt,--; w.o——- l~l'-r £y o

0 4 ——

Fie, 8,

Afi.e the socond shtoce of desien and strongth calcenla-
Klang " the varioms crosg gectlera othar changed were nide.
e el shane ol the lining crosa gection 14 shown 1in
Yli. 9. 211 dimzostiong are siven in centlineters.

.

Iy the 1ﬂcond e} ample the lininns of a Uwo-way stralpght
raddiay tvanal ave des? nad for madium-3treacth rock.  Fig.
10 s hows b2 o025 3acticn of the tunnel with A1l the di-
rernions 1a centiooters.  Seven other one-way railway tunnels
Jop vrelens tymes of rock are alan 1llustrated in this sec-
tien of than book,
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2) Musi ., A. Ch., New mechanisms and instruments in mining
wo;!. IN: Alledemiya navk SSSR.  Vestnlik, no., 2, Feb

166 , 48-~53. AS262,4627 1961

‘“The Lahcratory of Rock Pressure of the Institute of Miring,

- Kazakh Acadeny of Sclences, has develcpad the [2C0-3 micro-

selolic devica for determnininyg straas intensity in rocks over
exXcavated areas. Intensity 1g deterniined by llstening and
resetddng of neige wulses (scratchez) wnose frzquencles in-
creace with drnerzasing streag intinsity, ‘ihe device consists
o¢ the fullouﬁug. a Nochelle salt plezoelcctrice detector,
viaicn 13 nlaced An a crack or a ¢irilled hole during the cper-
atlen; 4 thrg gz audiowplifior with gain up to 50,0C0;
1 I

2
nzndoets and 7 hattery for pcower suvply.

-5tn
n C
faolae scale" (in

2mtined Lelcsuant Lo siress intensi-
bzha;)s"“ﬂ"fy nlne, which has a

Z at- - alling She app:;.fhi g in-
vernziites sl taccer ity wapg dnclirdental in pre-
Jictlng a collape? o? the reorf., In thias casa 2-5 Lu1r«s par
BEN R bR rzzrond d To diroiatlen wlthout vicible braskdowm;
v 223lin woy obszrved; at 33-45
csllarn-4,

mothed fer obysrving
Cile 10 Ye "ont 01 Tl over c?cav; ] =ald. Zullets loadced
i radlonetiva ccbalt H0 are §5:ot horfoontally into a drill
well to slven duzths, With e LR Ume paniaa-sennitive
dzvlece and a zunizvcenatis devih- .'4,Lr*xu “-vice the diuplace-

nent of tae vedk eonn be drtermined by periodical measuring of

the cositlon of tho Tullets,

- 10 -




3) layout of apparatus for recording cosmic rays at the
Laboratory of FPhysical Problems of the Yakutskiy Branch,
Siberian Division, Academy of Sclences USSR (O = 51.0°,
A = 193.8°), i Akadenlya nauk SSSR. Yakutskdy
11131, Varlatsgy intensilvnostl kosmicheskikh luchey
glntensity variations of cosmic rays). Moskva, 1960.
ITS: Trudy. Seriya fizicheskaya, no. 3) 166.

&

P¢)

Layout of apzaratus for measuring cosmic rays

A -~ main bullding of the laboratory; B - ejuipuent for
Reatiring atuossherie shotweors; C - underground portion
of the lukorntory (-guirnent at 7, 20-, 60-m water
eqilvalonis dapth). 1« WCi{~1 lonization chember; 2 ~
neutron ronitor; 3 - atnospherle shower-measurina; equip--
meat {eonituting of three separate trains with 30
fielzer-Ii11 1> counters each}; 4% < counter train; 5 <
throerald ¢olacidence counter train; 6 - counter trair;
7 -0~2 1onization chember; 8 -~ une radio-receiver sta-
tion; 9 - stratosphertic radlosonde counter,
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SUBJECT: Monthly Report - AID Work Assignment No. 13
PERIOD : To 31 May 1961

TOPIC II. CCHSTRUCTION METHODS, MATERIALS, AND EQUIPMENT

l) Silakov, A, Explorerbdevice. Ekonomicheskaya gazeta,
6 May 1961, 4.

A cziera for photozraphing in ecolor and televising in-
terior surface a of borehole walls has been developed at the
Dapaurtnent of Llsctrical Eoglneersing, Institute of Commund-
zatleond imenld qu3n~?::~ vlcn, under tha direction of the
D)Jgrtn:st chairan, 2Zrofecaor P. V. Siriakov, The entire
ge'ize is con,u_'~d witiin a speclal nornngaestle steal tube

GO mm in Qlarzter and 1850 mm long, The cemera has two film
50018 end 13 lcurred Anto the borchdle on a c~able, . Focusing:
of tﬁe cznicra, exposure ¢ime, and the switchover {rcm still
phctography to t:elm,'l.:siorm.ﬂ> cantrolled from a pdnel above
ground

2?) Pirst to appear in worldwide use. Ekcndmicheskaya gazeta,
4 pay 1961, 2.

The 7Zhcancv Heavy-Machlnery Plant has begun the manufuc-
ture of the {B-5shalft-sinking machine for sinking shafts
51 in dizmeter to depths of SC0-G0U m., The machine can
drill ia both <clt ¢nd very hird rock and bores at a rate of
120-150 m per month,  Elght opevators are requlred to run
the machine, and 1r 18 contirolled from above ground,

3) Television camera on the end of a drill, Yunyy tekhnik,
no. 2, ¥zb 1961, 21, ,

: v 7 .

Czechonlovaklon englneer M, Krajcik has designed a tele-
vision unit for visval observatlion of borehole intericrs.,
The untl 13 a gpeclally designed cylindrical television camera
wwhich 13 fustened to the drill rod and lowered into the bore-
hole, It transmlts the lumage of the Lorehole interior to a
screcn above ground. At present the working range ot the unit
1s 250 m, However, with some 1lmpravements the range can be
extended to 1500 m,
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SUBJECT: Monthly Repert - AID Werk Assignment No. 13
PIRIOD : To May 31 1961

T0FIC IV, COMMUNICATICNS

1) Ii'an, A. A Syatzm of overall remote ccntrel of nlning
vork, Iii: Akademiya naak SIBR.  Sibirskoye otdeleniye.
Iuvestiya, no. 2, 1961, 11-16.

Al'ter an Investigation ©f the cperaticns of diszpatcher
vperviscry ronabrol srystems 71 0-4,0TC-1, ste,) fer the min-
77 Industry, cthe Mining Ipstitute of the Sikarlan Dlvision
ol tlie 8oviel Acodewy of lelences revealy that uone of the
existing s.o0tens of cormunication can elther fieet the de-
aired raguirements ¢ Gerve a3 evharting points in the design
of new g atenma.,  The Tnstilute makes the follewlng reccimmen-
dations for a new gereral-pusycse sycstem:

1) Itdsting pow:r ¢ablss shenld te used as commueications
iirkz, cinze redin channels ond other comrmunications linas in
mines vpcrale uisatisfactorisiye.

..‘m

2) A frequency-tyre cciing in the 20-3C00 ¢ range rhould
be vised fer reasons of greater afnplicity, relliability, and
noiseprool characteristics,

3) Crerating frequency should be mafntaized in the 10-100
¢ range. .

) A unlt-type aystem 23 more feagible by virtue of its
greater flexibillity, :

2) Sexilconductor? and ccrtactle23 devices 3hould be used
to Insure reliability.

6) Computers zhou®d be erployed feor processing input in-
formation.
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