LECTURER NOTES ON ADVANCED CONSTRUCTION TECHNIQUES & EQUIPMENT

-\ Estd.-2013 ’ ol

sﬂ’l\fe for Tech nology

PREPARED BY

MR. SUBRAT KUMAR PANIGRAHI

LECTURER IN CIVIL ENGINEERING,

GOVT. POLYTECHNIC NABARANGPUR



Bl e Ton—

!" chozot ADVANCE  ConsTRUCTTON  MATERTAL \p - 06~ 042030
- e - s
el jamena Of Awrgod ke i Q‘f

euIMQ_mmﬁf Q\—“\Jk A mmeﬂf‘“@io QUAD m‘a.fem;\ A0 o
uc:\io frofieaiCat, b Bradk, OriR, SRR AT P“‘“@d’

— Fore & o sman pler aF ;Cafwf?oncfv\s] Mool raMe,M:J
comiain chorackerdingtes  papealen . 34 €A a M_'GJ and_4kin
magentfal N ke direndart on flod -

— fore Th  derid ba o paxameten calleol GAPt it

e
W

g e
Y 0N AMQ  HOALH af 1o h‘a{ f;fbme Ay T Jfameren o
loom loaexal dfameser oy dfmemdon fn cone of fiok
£ Tonr. 3,\ tu:U\TA {rom  BHo ~ 150 - .
g o e
0y oel Aftbre
B tartbon f-Lore
L, Svam  flbre
4% 0{) promfe flone .
T ® Abeson e
i g) Juie {fbrve.
ik Colluloae Jene
»> ool Johren G
o wund Jlocen oo waed - ™R

ﬁrﬁ-@ mf ke MMy Commonky whed {{brees.
anefen moy

hmﬁ m  0:25— 0 k5mm, |
T e ek e ﬁkébb o 1ot fusted ond Sere same
of oy thaongh - & _
Tou W tedd Lo mokes :Ks]nﬁf&gm 2m preovements
hﬁw , mfach and\ {mﬁawq &#rw_ma&h of
L7 e 34000 {—fbum hove —[h'fr\ h dembx Srerogn £

iﬁ'ﬁ'N]n,,?. — 440 N[mm?2  ah wel as An Yol.u\'.)‘;, Mo . Twore
O wefyl ot Tnpamafrg  More  fperuxal Stwargth s
Wmpongd Ao poL—afruof-an fCbres . _

Scanned by CamScanner



- ' o Al b mwmm_mw ; m“
R - B G Wl TR TURTE RNR ' P & il P
Ptme"’ :f Wﬂl —[tblws ‘- |

B ow’w‘“‘l Oute -\w,l fnopm& mF Sﬁw {lw

7 SW ]Cfbflez.s are  more . Q4w 40 Luah ard\ . lf\grta\
b o i '

_) v ML(L more M’O Glﬂ/\ﬂr{c_ en MM M avoiol -

tnmw\m ond ruaa adng B e 08

| B
g; > W f'\ Ut@me ’rk,o_ -%meme 'Ef\umeﬁ«{k @12 @nuc%e

BRI P SR R

Uge)\-\..
&> '“\ﬁA {zbrzg "*O)sbeﬁi\ MMLV | o e Wa a{
?Amugunﬂ.h : “ofor. ove:mw?s &,f rmaoiA mnffu,,{

- Pavemeny 5 nnok bmf,,LaQ W |

:ky &M 'ngm Qg U)sto[ ™ Shm,eng,‘c@

** C} O uAQo( fr\ TTUE’CCLM CD“ER@&-Q C,OM*MCMO\*\
1* '.d) \xo)a m Lneg| n -wnn@i Ltruer u)orc/k\._ ; '
@ C&r(bot) fcbue e e e, LN

: _:~ Ccuth {{bm@ hove ma L&]LJ:@M?M @m_p,whm 2l I‘{/mm -8

‘Q~E’L5‘ N A
Jond  Ond\ YOUMJ\A U‘\DPPQol Qoubbo*\ ‘F{b"@s i

| U-JL-\\"\ andsin % : ¢
Ee Hy mbmew Wl utae “ane, “"’a (’W‘Q?

: Yaaa - tomena CﬂmPMm mouole. mUHq
_ Cgmbon '-Ftbrui oA "leﬁ'\:forroemenyw‘u hove V%’ﬁ W

i i w““*”! ardl rfbe'mnm 5*‘1@\3&% The lti’;mvrvagl'('j
s«weo YoM oo Shouwn Wm\ o(moxfb‘}}
mew% th,b,n ﬁ’bw
—? QNUOO'\ ‘I‘-lbﬂ-Q oL ngﬁﬂ-u"ﬂ NERA 0-“0\ ang wf*tMﬁf\«\- "'\0
«‘m WA,
5 "—7 ' W\JQ' X . \QMEM &‘:KEJ‘TIA
';._"'7 Qsmbm -}{bm v\o\w W Ahertmal Q'»upwfm 01\0\ ,\M ’f‘ bro&__-_
Cm*;@na (Lbatu Ea: (‘,nmbon htu Tw{ {wﬂu,utg,[ sa,mg;wa“\ %

Scanned by CamScanner



- Qurtbon .)tmrw,s «rort shcAwres UL ke dedfno‘}
nels ond  ShaUA with have promfAthgy  fusune |
taghon ACDTRA AR MONA wmmma wred 4o reelnfortconmay
'-7 ' ‘
oM POATAL q’mmcm )
> Theae axg wed T releforeemeny carbon en wkith «u.w

fnoreone AGMUR 3"\"‘”\’&“’ g "L
-g)fhmm f\ay\rse | - A
> Gom be 3&«?%\%{ and| atnmon mechanl fnto Aheeao|
o Jhan whook  Away €A {meq ﬂhw\ sm\' P» jL_aw\ saondl
tompoAes| - ﬂf 8o. -ffmmem@ £00h ,fi‘mmen’f A a Alameson
0{ 0. 00%6mm . POM%QA AWR - AR &a“ﬂmsaﬂrh Mp;umm,\sb

10, 000 '\Ur -
7 kN Sond ]m,v\ J}t’bré,a _' R Y "‘f Ao ali’mm
human ‘nq‘frt b \f\owe mwlmf’m Arersii @,f Heel. Wj@

m»a be.  WOVeA fnag .}mbmfc ort. ureol tn Loojsei»d packed
friom  For - boAW, "ounol ou\o!\ Anorema mmﬂm €n beuitoling

-
“Woxmay, - c_ur\nkuwww a1F M\Q w(emak MN’&@A {'ﬂwm 0535~
:::}\‘5“- 0- 045, Kml/m/m ; D(MN,L uuqor\ Ao bulk
b ’H*a Tw NOVR T AMOWN Mok - netim a ‘?@Qws Cool

@vuml%x W Ao Q_f Aheemal tMMon c,f zm mm
: @:r bmc& or S Balm 0.}9 Lonestede |
Tglen o g fibee -
7 Glasn Jy{mp,ﬁ nan ’6009\ Aweemay fMquffnn

7 % nar | @Ntaten mwm;\foq A AN and moi’MuNQ
“Q)\EJ\\&I\UQ

A ap "pod ‘\Qnﬁflﬁ Mruwd\h

U‘a@J\ t}j’ G\Lw\r\ {vﬂ'.e 1
°\UW\ “Qkf\?ort(Qd Y‘ﬂ’\*fc t wxqo{ {n Awe man CAure
QO'U'—W' &\«QQ_XH{NE Mﬂfﬂl-d uaed, 'fm’\ \toa,f Qﬁzhh O:;F(l@t/w
:MDK ot Thaertlon panoL L q;\o(.o((comy‘bn )
YO uned for gaunal ,Leaotwmdm%wrf’m" b
,L'\ wq,Lu {,Lootu ond Cﬂfbt'\»]/\ i ' '

%

| 7t SRR

; j
Scanned by CamScanner



T Neal gwe fler and waedl fn flumbfoy worn .
| =

= fforen  ane “’*Qo{ «ﬁm Pockfno, and makSne
Sadorfen ond folin . Na d
|7 Uted 'F"’k ok

| adid - fwef and fine  preoef dokrdey
= uxeot for "\cw:l of Tacj ,jbq . gm oletArde
"Mlklﬂ.z\fon : Mt]

|
| %M»w:;:‘l. | down \M UARA GLF {lores an comtuesfon madertal
| W“‘Q fA O mau . pooee oAf rtzfu{lor(tf maer&on ?OM&M‘B
N U‘\&mu@tmw/;  Projeslen - ~can e firewan
. | VIS -fLM 'ﬂne -Fbrve Q @Fm J&mbed( b\] o0 unrwemeq{
: ?Qﬂﬁm’@\ﬂ( oo M aApecs oo ThR  AATECH rtmfo&j@%e
Wt*bm “"Uu Ao vaudo- a.F E%% h Ao WA Ammeher(
T‘M‘fﬂl NI "LOJrfn “(OJ\PGEA freom J'D"‘ 150 -
~ flone ﬂ&"fﬂrtt@i conerede. (FRL) A~ @“M wﬂMﬁﬂfhﬁa
%-L\DT‘(DM wwqi whioh, @y {nuanes - (44 Aduciurad
| fr\jﬂw N wnaafhs  show Aot fPhies svar R
W onmba aL“an\mbUAQo\ W ‘"@‘GLD“W’\‘ 07&‘5\*’%{ é‘cbm@-
. tude - Syol 40bron, “Bmm %«bm &me ‘&_(bw@'\o{
Natural %bm | - . '
|~ o - Rﬂ‘imgortteﬁﬂm Ty "\UI“ , W\‘QC{ tn gm}ﬁﬂﬁﬂ;ﬂ‘, b By
e e wad notmal coneose o FLORR m’*f""‘@{
nounad  Conerghe o OIAL uneol fore on- fhiwum[ fLoory
ong\ Tovemenyy | owr Qan = u:;rv\wlﬂﬂﬂd «fbﬂ O wile ,
of tomatuealon - patus  efiker alene on witn  hand - 42edl T(Ehlq
% Loncexe memfqu WAy '-(‘—ibRPA 193 QGM euenmbve ahan
km\i Mon  woban . whire - wlu fﬁ\utrteam Ao a.em?!.e
h "‘Gﬂ‘b Almen. shape | c!.fmen,um ano\ J-Q!\-BU\ a¥ .até’
f.!\ mgorany - A AwEn eno{ Showy Sl o evample
ghora kot~ Shaped "hlﬂuuj {tbﬂ(’, Wiy onba be &F{Jewv«e

Ane. ffUar Wours  afien Fowtfmj the  Conorede bug wlu g

0
W\ ULAAR %\«Q LONUILBLR  4OMATIR M%

e e ———

Scanned by CamScanner



o o A, | —~08 - ~oll |
B PEIAS fhoma - | ' p-oeotzem |
— 1 P“”G'“EM ase. Awe c U:M@deﬂfﬂﬂ ‘"\MM ﬂ.f
2 o e L T ma(’nemr_fmsl/ morercfata

fre  Pomion , mubben, »}( e Jloun e,

| pamte W@Qf‘m"h rove  ocepled an  Endllrpermaite Pam«f’on
fnoourt  dafly AEfe. TThey have wmceot & number a{
-’rmolf&fomu] wAQol - m@tfau

> Twe frieeaeny «%hgmngg;g n v a,f ﬂﬂ-Fe a\u .
oedetn  fnduteefon LYKQ odfe , Aereprone | automoblpes |
elotanfe Metors e4C . AR m“(uu»J otepenolgnal tufon ?10)\-}?(‘1\

=7 Ploomte fb\ Wy SubMante  whth ShOWA, - the ‘F‘UJ?

Pmeu’r} ?@M«u A Ave ?“DP‘W*‘_H + by Vittue ef. wh?
0 ooty unolenttda@a o fetmanent rcmHmekeq
Csupfemed Ao \-\Qowﬁ M mmfmws &mws — F“%wte
- Waw B tia onoaole %‘\W@ ) moma - mokenf oA Jlfkgi
s , ?‘m y Shellag fan be  Aermeol aa praasfe .
MW Awe  qerm. pamfe WOA o preockae w\a{ ﬂi’mfﬁeo{ m@m’\a‘
?Jf"}’f_‘,% }Q\{ pmmfu\ A - - -

7 MoOmMtA ame Ve liaka e weﬁ 4 .

6

> amfen wove Lo . elogrdea Qor\obamfvfl B v
= ploafen wove fow herma)) Qm\d.ucaf‘m

>  Planfc Cambe *WQ‘LQM ) f\mnf\uﬁl@m or( apaw .
7 P @ oo founed ard moWaléol o any wape -

~> Plomton \mowe ﬂa«om{ sour\o& aJvorq?*rfoq ?mma '66&{
' revile

<Onoy | o{ w@\mce o) au\ot
Oh“EN\Ule_[ QQMPM o .*0 3 mﬁ W
mef’\ a{ ﬂow\ﬁwx -

?m}‘«“\ QUUQ %&le& U\

Mgw O\wtolﬂﬂﬂkoﬁgﬂ:f@ww#
"w_ug &fFPQILQot wﬁaﬁmm 0 @HACK, ba o<7a/\f

o‘tfdA_J bCU&'?_A CU\A‘ .LW'U\O} oﬁ-jﬂﬂicn'ﬂ/\ :

Scanned by CamScanner




b w&&fff‘“j plafos :- k.
Tere Qg Ao Castgo|  AWOEMOplaAYiEA aqo[ R fortmeal b-] Qdd@l&.,

Mreizastn . more qoafes ©n e Softencal by heaty

) Mool onal  woured an many ATmes A o‘i’/\tm’{ e

| axeQ SQubte T syfiamge orunanfc sovenyy

T

3 e tommon ?"K &-f r“\!\K/‘A fomfe ane PﬂﬂHﬂ\EnP
| m“ﬂ"’f“‘JL etlulone nfioxe eic.

o W flswrf’ r- |
a\Y '\"‘I?Q '&{i PLaniten em_Q‘ '{bmmq_o{ bj' QDT‘OLQN\OJ\fOﬁ o
70’1‘“’-’“1@0“ Thre l’lﬂmfm ORQ Cannot be m;nouia(m{am{
WM T\NQ Aneremo &@ﬁ_gma ﬂw\!,fr/g anrQ n SOMJJDLQ i

Wm:v\f Sowenm

™ Ca"} Eﬁa&eme faﬁ:ae,wen e,

o o WEKHOSOFTMNG'] PLA‘T'CS r 'T'HEKM& SETTING'l PL&ST"‘CE _____
T VOR e foumed) by ¢ e;umm—>“m@)\e ite. fom@{‘ b fo Nﬂmfmtfﬂq
‘0\(‘ add{4fon . ‘O} “ﬁ’&‘“ Tf @Wmmoq . d aﬂ o a -

& w@nmm of et &«mamg@. o Mtpo - dlimeniional
of & chafine wlih- @&ﬁ' {bl®  noju00rKA &,r onaf, §oUned ‘»ﬁ
UMb @.-? PLU\U) - ?mm‘fu&m EROM~ 1N »
'f_-?mgeamama ymb\ bwe@n P?Mbu\g[ nejafn o hupoq'
Ane' Chafny ane. \f@.wa MJQM \\mewﬁﬁ wiloh donot ca broken

Con pe iy wrtoken b] o QW”TMB WROA Ory  PrEMUAR .
Nk OFL PrOMuUsR .

| WeaA LOEIIA Awore Pambes T mW el mui’n awofr ouﬁﬂﬁfmk Chape |
_:.é o flufd maserdal- Wenew, ey can| and Mrutrure even on mmn»} R
‘| bﬁw‘f&PeolM “Q“A"-"l "t\xQ)a N oA be r@Akapd & rQUARS] -

| = ww\ so-ﬁLm e AW Mﬂa’k M
mm bﬁm _ lmq:)} pefaste Nh

R SopubiR T ‘mam\f ¢ aroe & sotunte orulamc sovenyt .

]
;’% petaune of Weak bondh, A |_J, Betawe o Brto bonobb,ﬂk@a/
: Sobieni-

i
Scanned by CamScanner




e C% C‘;\Ww) L

> 9 t one @_,? Ahe MO &DMMGQ%LMQQL fobdmem frwoh.lwo[ b
S

e Polymes@Zanton ﬂ-J; vinsA v U w
emmo]e{ n Awe —Fabmfwf’on LF Mamlen %

- e O w\uau-a availohLe wmmemfam] i ane ﬁ)m afa
WA amortphoany  Powden how?ma o olem?: a{? abouy Lagen

—> PNC Con be manuefacﬂm,qo{ fn ewpended ort: cotludost fort- %
Cn ovafloubge S Awo Jocsn @t frendore and B ﬂﬁ‘lfo( forem .
o 0N bR ey mouldedl anc| @WAruoled into Of.GAthd{ Srofe.

S Sofv oo obladned by satvena meﬂoﬁf '

> n A Awe  Cheofoat m\o\ Mo w‘ﬁ' Qo{ Flw\%f(‘
Prtnfef(:‘(fe/s %}Q /@/c ' n _
A% '{Mhﬂ‘e RIS w&v\f:mce ono( et

77 N o sendencsy Ao decompore . évhon B £ "‘w R @1"94@{
10 Sunfyng wlin? stne . ol et - APl

-~ 9 5 r@x&mte 0 Tmpacs Enmrcf@h deﬁgafow -Q%H 4fme

<> 9. ‘becomer  sofx b@@\c{ R0%c . when QA 40 MONR 4ok’

160% d B det dfafresroses andl ylve _krtum',eq
czhumfﬁ o M@H ¥ "df @1@{ ;

T o eleaxdear ?rtn?efw@)\ QUL 38 Mo 0D S, of
fipper , BUA . ‘E« offereh ot whmnw -xo @ﬂ‘mm ozZone

anal gur\ﬁ\fb -
7 3% woa Qf-‘ah‘\ o.r\gL rcg,x\f;\—\.(lnte 40 we:lf(

U’\fb\ &f I\,c ‘-

~ % Gy dhed| for fuoondny , wour qfacf chfom

- ) QUANUA C i
hard cofia | sidey bm(?‘,pm ;mr\lﬂw I,

AR R U’\‘lo{ "Fﬂﬂ Cabpe . :rauv\m mgu,{ w:rLQ I’Mum,-,&a jfabrzf’c
Cn.ﬂ:\—%\gk BAC o F T

BN t,weo\ Ao eow ar\eJ\ YOOAA wmw
R 5 ‘f"’l

TR 2 oed 0 MWWM water f€pes arol &i.o

L Memente,  wafn woam and Ywewer: CurclafM .

7 B el pamte fomuce pfre Syrem 'fm

E thesfinen of wasern and  tewers .

i

A
Scanned by CamScanner



Bl

o o / . 12
o .‘V% ;\mwh er\ AonATon btu chuK E’n CDﬂ‘t?"t@V\Lt)n ew here

Ei s s - S i

SRR I e i

“‘QTE’J@: Sﬁmﬁ{" sl _V_fan[ sﬁifw&) wfwta_.
?‘WFUOA ?Lumbf and|  tonolud4 {fmq@mw reaeorol g

RPVC CK%M ro viny ch&mde ) 2-

M Fg"fd\ M-Kvmw c)ﬂmfolﬂ CRPv) .fA Ao | knﬂwn A
ngm Vomlelzeol kuvm L chiadde Copre) « T moerbal
€Al o:voﬂmom T o ) @]g cofoures ond  Ffafaneol {’n@hwe,\a
G Phpp - QrF{QM anooL m"\ ard| t,\ UA®o| 04 0 &ube-%ua{e
'?0'1 ?afrwep( wood ,

Propeitales e_i RPVC %~

'*Rrveumow dumbiew\o(bamo{ o
"2?‘3'%\’\&)\ delte & h. S

> 5% O moug rdiafo{ ond  1a »\i»r« 'rtezgﬁyraﬁce &aa«Qﬁf@L

aeafon, _
T U waon weatmance
GRP (ooun Refnfbrecad ~ Plamic) - Lt
WA f/\ o c,om?ozw\o; ”wr@rtﬁai ned® of o fm*‘rﬁ 'f’Q“fFO“M
lDT AP ?]mw; ({l<"°bf19)\ ’ka)\ plarato ?;jfbmeot bﬂ’ Combe
Ane, mm,\ cﬁ-ﬁbl‘t@s Ol\gk PlomRe ‘U?/\tM . The, “EW/\ ffltbft:j

QA dwe  Plonic (temru\ onQ Sr'(rw £
_ " Cﬂmmwtﬂf) w
T aenalon . Mq w %

: (’_PVC (%W ?WL (’/hLthfofP)

> qwc SQanda Lo UJ\LDNET\QJ\-QQ{ ?obﬁvmﬁL u«urtfole Y

S9N a»\mmwmm «Me ﬁfﬁ%«mh SmoerSod maolR o conposncls-

<> Cpve Produsis are speifitatin uno| for poiante eater
Ab&mbuﬁfoﬂ Gl\o\ Lorrtoastye r}f,ufa‘ WLﬁ\DX ‘“O{JM%T"JQC

> T V%K wm—e«ffemvu

Scanned by CamScén'ne'rl



e
P (gl bkt ”W)

L _‘:r# ﬁf\ o r\»\@,‘mopm\fc f’oﬂ)amen frwowuzo{ Arom monomer
fene.. |

—~> 91 T some Afmen Cotled auwmh-e ol Pvﬂ‘a'lkzn’?
professlen of hop °
DWW& V40 ksa;m |
W\'{’L\fmh fgﬁ-\.\ ~ i?)o gr.a '

USEA ' - {

_3% tA uAeoL ) V\Dw\e‘ ou\oL ?quwfc mmefmd ane,lﬂf’e
oo
o TR, iR L e

> A7 aro Cauteo| r)ﬁ.’bwz mﬁt\fmwol i‘LQA*'rfc |

= % t o umw\w@ maerdan . tode. . ‘l'r & P‘””J"“@ﬂ MaAry
\‘uﬁ(\?mc_@\ wv\h A;ibrce
*M{Ebwmw awmmqw\a{ba;gw

=7 FRP are  commoniy  waed ,»,\,\,g erJ\?acg Mowfc nmcfn{
Canel toarstueaton T Breluadriien '

> % T oae wed  for Sweregentn
- Mok MF'_O« _.buflolff\s'a m\o{ bre
%@}l %ﬁ’mben 5
PMFM% gf Mf&fm +Embe;n -
»www\kwﬁg' g, ke et 8
k. &‘\tulok QOMEAA adbu_m)& ?Q)\UWCQ ‘l"’&afﬂf\'\ N@’\L‘Q’w?
s o on aAeROKR Aﬂf “and c.owf’nﬁa
V\Mwb JNJ belaune m.jﬁ wﬂmm

AR beam coﬁlumn a,\o-{

mnﬁ_aﬂrfam WPGLQ
oo o0

) Du:maﬁm\

bolY &"\WD\ b0 WLQ a‘{ ﬂQA{J\’\f AWR VUNEUUA O.Cfrfﬂﬂ
dug {UMGM (Mwls ‘ chemiCal A:&ka»\'?cal and,. “‘QW

3 ”ﬁwfws

e
e

Scanned by Ca'mSca'nner



i
L

dat afaber showal “J“’FF@

S‘uﬁhtfeﬂ% AL, "
QBGO“W\ foro oty B cdoes not Q‘”‘f E‘Xﬂﬁe 3

e

L\QLPI\ fa r[lfme Tmen,\faq i bufl_oh'\?\
e, GMI%F"qu AEmbert gould be QaAu,Y @UMWM '

_ “\DU-LOK "oy © the  Jeodn %f souw . 94 smma\' ®AY ke
Qg‘fﬂabm q_{ N @ALI}-X me\ﬁo{ OF\ W ,_gmg-{-t\

9 Em}ﬂ*ﬁt‘a i

Z“QA Raber  Shouwd be m{mgm a q&aw &J& m& el
WQ uJ\r\Q,r\ Yaaol QQMN;X K”\Glﬁ't{ﬂﬂ R_QJT\DVQDK Tl\ﬁ
Pruog » F e fm?ommt whern “\&A SMuio{ b@ UAon-jFor\

bouw A - gm%/\ Q,Tgru( uomnol:z;\ bQ;dﬂA leot
‘wumnkf bg‘ . T T

4 Tfl\w‘ﬁ/ .@p,\_g\_ a)ﬂrtw\unf\" S A4 S N ’

5 showd be Q”Mm Qf *LH% ol ante. ao
ol dud 40 Vibrtafon i\ :\lm’\ '\m M’W‘*@W‘
dug. ¥0 - Mechanleak ¢ wean -

P - soundnein v i ' | )
9 B Shouwd have s Tddeny - 42{\& on’ m%qul ,

mgen &%m« e e

jog_ SOLwd\ m\a’\ La‘rw g :

"Z)Wwﬁ

M Should have &%w@n} x«anolﬂem , ff’ KEAWUQ
Penoarfon . wion Ao ordkdifak  Afmben Trnaral _
rt‘2)'\:{’\‘}’3 e Q)omj\we Q,\t,ﬂ-\tm QA - ’]t"“l & T w\Qo&
A v . et ond
e 5“%&« T et Ry - o6

Scanned by CakﬁScaner




?R@,mwme ﬁ sheart -

| ]
sfal  ATobeR WO Chanely Enerutked

™o

Ve“';] 3"“.”'“‘{ SrR0K. . gpiia .O"G\ even rxpa e
10 WURL, e |
)M fkal ALmbeR Skouka\ be &ﬂmm:a, Qnﬂu?h A0 MQD‘

wWhea WAt b'QLMb Mfﬂkeg{ &lnw 6% Suo{aum » 34 ShowlA
4O MM ‘U\D %'\HAJ‘TV\ B Mroeq wﬁfwfnn ang|

AwNwero\e ourteamn 5!

UBG'J\ Glii W ’\-U“b(’_ﬂ Moo tiss iy R, AW
f’J\ QD«LQMQM TCQA‘CAQQA.\,Qr\d[
AR
-~ “MQ mu.i%c‘ialbe w\%{ whoel Ac\NQ mm/\fon'(a ﬁmla
Ke,r\me u, Can -
P s«mw .
-‘r'a ocowﬂ b AR
BTN conindens U\ Wmew 01\0{ &u,?@taffc}ialh

3Emwu- a0 uweol .

— I Oy bned A0 noke ufows Bwusural mcemberc'\
k. .

~ 3%t wed mafnaatlnante WO

~. 9% Q. A Wl @A o thmf Qmoqfwd m,mnb, g,\

pudlolt annaA T calon .
-"7 O 'Dsma uneol o MOKE  dporth @r\ok wnolow «-ffmm@/\

= 55 ¢n  whed r?ow\ faAL AwWe ?m;u, ,sjcume ar\oq

| R.Dw\oL ghafe fff.m rltu o
*‘kmwe varfeol - B beioeen ag~12wm5_clepadm?

&\ 5

AR m&m&m |
m /ﬁ/ ‘\fmbm A
0> VONCrA |
by Pﬂ‘a wogolA

C>  Parslere boaro|
°L> plorg  btarola
._e%  aston _)QM _

Scanned by CamScanner



LR

R T

b\a _gﬁd’mb %ﬁmber( wl . by “”“‘”"h _ 0 W fte,w\a

“'DwQV-Qﬂ NOAA Mr\\‘tQUrLVQ Muﬂﬂ:’(ﬂ gcCur( on
radfay {Qm Al i W@ . ﬂmmmm
FTQQ‘\ m"“"ibma y wWalnut  &nd\ ! gauv\ ﬂme;@m m “bm“"d
Uk fregns. - ook “ag mof Uit weeny ond aro
A o gl i R
'"“\91\ NeNneortA  afte - wuyu\@\ ﬂw_ﬂmmt'\q oy |
?“memfmb“ Mool .

*”' Veneors amg . uned e n\anu.,]ﬂamm 9«{ Pb]wowl

R0 Veneot  befnoy Tag fRMY for 40 4w 9dfaceny

\rqr\@_m . - ‘W\ii:\ UtOAN mvr{ﬁ*\ui : mwm@n% @an Bt‘i i
mﬁ!\r\am@{ wtﬁ\\ Ao Gf"\ “‘f ”}Gdéiu\ l\l.
w\,e;\ UVreA - Wznwm Bl alho LAJ\QQ\ fn ﬂ\aﬁm&qm

'~bcm&e,n bocmo{ pauiete  board |

D Prqeeed -

— ?J'\meeou ey “fﬁmegk w b“ﬁ G&‘Luf'\?x '\%Mﬁh cia

odol . humbers Lﬁr QA + MO Lhoern QLR Poeas|
?ﬁq Suth 8 WO dnou aﬂrmfn/\ a-f orve LDTR are a4
g aqper o i\\«e DXer
> Ao fWAud 00N M?Lfmfnn'@-fuaolm&m thooys
movorend S bdh  Awe cﬁngg\wr\ U wedutol . we e
Yolen O0sp diwnmmw ‘Ev\ WW'MQ&MMM-
face . tllen  ond ame gnn@_m onen 0K talled aa m
BRI TN and , -

Scanned by CamScanner



> me 030 v,ocmok

~ Bn faralelo bmou ?omfcm or CJ*E?A axe mmlpmu\
fm'mo{ with MMNX Mke)\we and are t:nmpmw\%{
w\m\m urolesry W ?m@/v\um& 40 ’ff’“m * baaro] .

> 9n \qﬁ,\‘i@g baar!ol AWQ. . Movemeni fﬁ\ W\okom;..x omfmw
N an cﬁm@JrfW\' and, ﬂﬂ!\«\mu\ﬁr N detengleny on

S“\“QN’N\V\ 0-"\0\ QDF\QQJ\?\-MG‘\ 8, MLYQ .

e Mﬁl& r@nr bmm{ {J\ mun uo@cu@,rl «Won ? M\

- \DQQQUJSQ .' -\\~Q aol]f\QA@Ve nmh b@%ww A\Ng r\o(fv%
Mpn  vouve ord, “@am/\ &m,fm,g reogercifon of .
howm‘k L&“ﬂ hﬂﬁ”f%&ﬂe dJQ}eQr\o[ (Ufoq wonﬂ{ %_,/?che);
UAeo\ where On, B padese e biarel , B Aol

. - dyerdn wfon ‘W\& aa’UmaAfve'\ __ &M ?amc Lo W’ﬁ

> 98 talae 6f beardr atR AU cuwben, dhe foramasfo,

| ov-P &MQ bQCUto{ tu'tc.’,bl oA LA U‘\ da \%M&n af f‘”thh
‘mwmm}ﬂ end. »Zim,uu\ SN '?rwaluuwa_ uJeol/\s\ boarol) ,

> In endoek Mwh Anfn ohbpy wln GVQRM ROANeN, 4y
buAs g;\d\ wiw MOAWA . $AToRg  looasolA - wdw\ ang|
R;gu‘ @,&43,\ Laostne - o ONO&;L ag\ﬁ,s
arg NOI\L',?JMUW T *W eru

d Ftbm _ ~5m

= thte  beardh mo Caltep| O thQMQo{ wotols QR ‘ﬁgﬁl
‘ovard A mt\u.fa&kurw_o[ w\f’r\gb' w_@aok UsoANe e
Sa Reee @,f woeo| , QM‘ . | .
T woed W olpped. e tmam  pleten a.P aboust 8ommy
Sza g ond vofled I waren . Twere  wes  farlepen arup
hon famed 40 N ouxocsone, where T4 th tubfetieo|
L g_a\w ?muﬂﬂ tl,f 2500 VN2 ’F‘“ bous L], mbrypg
o thare ou_FWt Yo o fremurce m{ To00 ttljnp ofon
LM tetsnols s B, '

' Som@ﬁfm% ‘o

Scanned by CamScanner



|

Q) B(Uv\en er(oU\’ %

P\./\_}
>IN el &w@)\e bwmb\

Joten and, m_unwep(' p O “‘eﬂw““’"b |
dotsrede d,eumﬁrwa o, MO0~ AM,WV@. ag

Venoor ae ok "3‘? ﬂm *"""‘m d”? =

TN sy mands | e s “% obus 5"
| WLOLQ wQQ@LQM &\M% w QA W‘ ﬂf (WQ
w&l-"\“ vax &5‘\,&% Qgﬁgg\ %\Wﬁﬁm (A Lean  Aan
5w . 94 TA Ctamesl an- olotk boaxd - M sambrated
boordA clﬂh-'@ﬂe&&uﬁftj\m’\mf’rm"\ |
R asoln QR w\@\ :SNK‘

J\w\ NONeRKs R U/\‘iol 0*\

.m +o mgm\or( Wil ,LQJ“?J’UM.
buardn W .&&tmmduu‘\_ kwan bisek beardA m/\am

&,F _ 'olfm,u Cnm?mfnn a_ng1 Aanveroe

Scanned by CamScanner



e e By, S NCE R
' A,CDUM‘C 61\ AR S.c.f@\t_e_ m%? "“"0& fﬂQ).LLOLL

' pecadueston , AommBnin oo effenn - heowmde g,\ =
bﬂ,ﬂa‘i {fekd\ Cwhlem  omMnbpaden f\l\vu\fQ {LgQEfo ,‘ Sou.r\o\

} n@(@ﬂ(‘kﬁ»\fm aral - 0'\\/\-9‘\ —Pelob\

reoferstor o oot RO T
ﬁmc we&ei o 0w m.gm@\fm owoL »iua

i'.' b AbEg 40N 94?
K. 34 wr\mob; Ave. &Uumk OJ\O\ '\Oﬂ’“‘l L’QWU‘ '?‘“"“
MQNT\@] ang|  BAWer  SOURERA - _
|~ 9% Supdomen VR brarSon ecme)s OJ\Q{ mffmoﬂfon _
> N han waauoa Ao @fr\{u‘ua cand\ ‘abAorth 4. gom{ ene?
—#Br\ o Uton  Awa &om\q)\ e amw@/\

m of ocowms waserdal «

| &Qoumfm w\gmerdém can he b“ﬂ%\b thfieal o
r&GUJJlUL

”\ 3B e, &
Qk} &w;« W\MQREOL

e IV N\ &cnil»f-mfem '(orwuz\& @m{ AR o] 26wl
| GhAORbESTA . ROCKR f000LA olwv\ s‘f

__ & ’t Qam»z,o
s SQ-NPW}KDL w%l s Na
TheAs amo 'sw A0 Mcu\a\ ™o vmokame
UAL  terye QA wouﬂoh

PONQJA - Mm&mL ey bw C.cme

| Bwe are Enetiugeol

e\ \ | , g o g ¢ ' Rl
) P RO i‘ Wol woive. beer\ oo Pomm;\
Py QU‘UL | - m’t(’@rwe
Mx\u.%%,\m . Calae seve on ?

&_ » MR QoOuUA AT “"‘f _,‘mmmy-& amQ wmmm»a
%\'?LD‘KAD\ doev i avdn ,QLLI’UQQJ\Q , '

}_ AW aBen A et

| Ad\van a{  SUEh ,@m En avoh: &AW aonorpHon “of |
g"“""\ taniform % ol Ae afie  ard ean ke
.; L ‘-{lj\{.&uqo\ ap DM\M SUNFMR\ 01\01 W

r diable r\ LA bn am_awmrce aenuM«
r\maw\\@n«k a0 we ¥ _ :

Scanned by CamScanner



e e e

B
| mkej&m e ayfliote O ORKeA Nﬂ\ ]
h{ﬁmm \«oo\e nNMRA . 9% T mo\}a T "SQCMT

| o o, D-20-0L- Qm -.

P R M? R

% FT{:"L“ U maflny o.nm?a»\-eg{ 0% QARALA ang| _Emme .
'_Fb“f‘s "\f"“&{ with  eortqafy  bindores and|  presenvEns
Chentaly |, - | | L

SWaen o o 4o m_{? Uppa AL -

“7 ™ N\Mer&ak e - appaeg| In w»rﬁ_/x&,fémm '\L\&J\f\eu
N e fame SMNanner T glaaner | @nef mefc &
O e':mhk Shapeg, - and Pf_f,\&w )

7 Florous, plomer 1. -
NAND AL

7 W e mwﬁqk O cwsa \u\owr\ OA acouA'rfc ?QM\%R

i

BT e e

v s , comeny aw[ wmfm
B i oy of i e

o me prepasiasfon e.f w\w mm{ o prwvert&»x s
"\ﬂﬁf\%&fr\got 30 O "H) b(’_wmfz‘_ ?LQA»\«Q;K moree Q‘H&uw({

’qorl thumm R ' . o b " v b

> ™o a(‘,ou,'\dt Tww bbar(oLA QreQ QUMD meng\a{ m

e flnog en e womt - e acowmlc taarer Shoutol
hove  an QbAorbeny - QN’:{‘]@O&QM ﬁ£ 0:.20 a4

P srow bad -

; I
“7 WA wmfﬂl can aLw e U-*Q‘* B4 O‘)"AMM“ jﬂ k|
o B0 ox B0 %Uﬁb pent sed,or\o{ TweAR boamus ang :'

l"\ !'Z)VNT\ ,3!';02 o E
7 S+t tmc\fomj\wéw O‘f\@’p"; ". ,G"CQ' w&o&xﬁa&' R

Lo VR LS N =

Scanned by CamScanner



9? ’\fiL acow\afca,t meﬂ s - | Rt

™A f}\ an fﬁ?ﬂi q(@s&bxeﬁ Worahy , artanulont. -Wbmaﬂcg
manufacsured fiiom  Verfeudite . ryraun and (fime on

foratond,  comeny  fa %\me swer.  toafiueny .

7 WOAOK (Aaddadwoab\ﬁ ﬂ@ﬂanfal»\oﬁme?fk umm
’g‘m‘t appiReanion |

'7 "R W’”‘YQ‘LQ &ddﬁeal«-oqv

oo( aﬁMM
AR and y wie woir\a.a m T:emfor( Jﬁfm&w |
| G/ Neowntia) tooastdls or AfLen . '

A fa e ~n N~

6 " Al "\&ol,eﬂ]o eltker wmpm@meot tane o
w oud, {tbrw ot minenal woot

> TWeA? - b&o.l'(d,'\ G.r\d\ Afen wove W\gfzon:m Yg_dagw M

&0‘”“’\ MADT‘—WM | ummcwtﬂwfm e T
orte ?rw%r@\m_o\ ak e ,-}Q\(b‘,ofué m\o{ Qcm be

?m“&éoi o wlmui&o{ %o Ve OLP/\tvta/bLe b(ﬁu)m

appoxtan o a)r\o\ Qﬁ Y Rﬁ,]ﬂ,(gcp\wﬁ C/‘\aﬂmci(@,tthJrch s
T vere afles ane voﬂ] w\«rba 0 wm‘]’)afwd Yo ﬂ%ﬂr
otoumlean  masestforn . .

D AInpes aabeater t-

NN NN . .
7 ™ h avemon dfbre whioh Ca ami’go{ 40 a 3%@
u@ M ﬂr{ o gedfal W'Wﬁ ' |

 -:‘> TR ONbEMOA qﬁf\ow ane  fRol AD g “”Ffeﬂbfa
moMine -fmm\ whiom ’t\n@*’ﬁ QR C&m’(fﬁ_o,k AD o bpwmq

™ ngfbmg A Awen QD'W@‘&@\ £ oan afn _&Tﬂm

| “\0\ Aven  qasneol :\ww woa &?m‘t *”‘*?“".1'9*

oo J..‘A‘ o‘gﬂ\? ba‘jﬂom -’\NE {IML mﬁwﬁm .

e _,‘J“"‘Jﬂll'r --i-."..'.:. —

>

-' Scanned by'.Ca'mS'cahyner



CLADDING . |
'C:qg'DlQLf E)\ Y Q_{ SKU\ 0‘.\ YA bag’,\ 07\ ’[‘RD\
| ARele @10 a qmlguml I @A be. Yo oked
g 0

. bu,\d’“\x\ {mgwnnﬂ\ o QN mmmw\}&*@ L""‘r{
. [LTD OURSNA A STo0eRA L Cloddfny deer noy ' ave

Y e waken fu , bux By %ﬁn Conrepin oW
Ql&“\QJ\}Q Wy e -fau a8 uﬁ«Fm(,Q ) ;
R O PR (T o word SubAance it

Cedom_ wood g $rone .on O qul ’meh ®

Cmuug/non Gkg . -@_F_pgﬂ ! pram  band  bmenzod . Suh -
"'\@cQ,LA Wl Q0 C A Lm.w AR w\@J\H } bUuA ,}_1@0
S1ou FMTUJC What' A beﬁ@_a)r\n TR Ly e

| . ,@V\J i CAgalotin M{’g( & wwfmumn ~

| l) S%orxg ;_Lgololf , .

| Sf—omz QLQOLO(J WQLVS URRIAR. - 0 O m &ong fodk |

| e ey ~“.9g &0 smon of Stpe o auhe o8

:1 Peur T waugy | ?ﬂ]qu U bodh Prtarfore ol @uierfons

f S\ane Qlﬂddf”\z SIS s‘w\ mﬁgﬂﬁ a{ ‘\Muﬂgk M{@m\k

‘-_‘“““‘3 I vt o fulons oty il

VA 100 Stone cw»{w@_ Panetn orR e m

| x ‘o fwwau , T‘\Q‘f’\ﬂﬁ\_aﬁw.fm@ any|
C’Q‘mcﬁzfu,u»r Q}&QA wt’rh %fmg, R F '

? «wm@k QMM = | Lo E o

} 3% WaLpA Q0N o Gund J{Mﬂdﬁl ang - (AO\ *Kmlcu

! ‘**ﬂ'h 0 fm“\Q.Q)s VGDW MMQ fmm &ke elementr-

_C.ufm,big 'Jfor( bor}h ™ esed prea ﬁ-r\o[ QWpertlores , Ey he A

Ur0aiQ o vﬁwﬁhbg Malnove - Charocken 0L '\D’WV“] |

oecug_\, e Mook on  mod woeol WK R brengf w"-"‘_j

witw - any olagjort - C%leruort Uooldingy € mwvtoluawf?‘
Scanned by CamScanner

r....--_——- i




i "
potod w‘d ROV A sarwGural %n &Tu .
I wwfIR  OUA0  enhaned Ahe  everdon apfeanonte

\W.org) nm%e)\. Mmmd)% ducobie and &B«w
propercices

Y
@W Jﬁlaom ou:}twa yo- & ‘Mumj‘*o“ _
wied, QMJJNE MJJ’/\ a0 ™MOKE TM home o \4({1'\:7/4_(1
heven -

' 3 Ve cmddfw?{ |

9% weIpn adol O &ﬁ]@}g@l@’\% olfﬂ\er\momb to T’Uﬂ lome

and| W’@A QlvomW 7orn  MoSMAINONLR | - ThEa bo»ﬁwud
AMOMLOARA Ay no afme UMLUI\EM% me\%fvxq on C«uﬂ\bQJUwMQ
ol - Scleal for bovh  Enerthal and eurerrod walls,

. ufve QM@M‘ ), RO o) QMMA Q\JUU’G s\t-Lv\oL Q,f’ w)mQ buis
~alho Apy o 40 Severwo &@Wﬁ b-a WOk elamony:

Bealolon MMK an\omm f’U) “’VJJ;‘\‘Q @A‘a o adloh

fMu,LCLMot\ oA well , can be ]CM Mw“fmo( cxf\o( cpmeA
n 0 XarsyR. @L-F Colouwres ,

4) "tfle chm{@hma

A {ﬁw J}aﬁ’mmr\em enions YO AWR ch{ohf\-j coorttal +€”Qie

Clogdfnsy an QM%% VWOU‘rfER cmdotfma optfon

OND  Corney £ AW fw‘\ @)0 0 T’Gl\ﬂl o AR Lufeol ot
o eurtions M Envaxores “ﬁ@uu WOUAE - Lnrx;ar mﬂ’r\sz
ong| oLk _m mafnaln | AheAR Qan %MM]C@rtm . oA
Yo cmwmmm& pobolR - You. “ton La»a wlih efthon Yook

Modoren GLQAQT\A o opt-.fort o ausal souuro| ook
5*\Utﬂol§bbk dusrea e om\ )l M%{W “Gou an oven Combene

. AR ou o cLD i’}?{dj_ﬁ\}\\ shopes  and sfzes w&f’ve

- w)m‘t Wune o \mb« w\gw C“\d o Ve 100k - MORQOVER
L were 1oy auw O WA Oeddk ﬁMumufom ARUA Wk "?

.% b& on ka er {Ifuem on il

Scanned by CamScanner



e halp MO o buflalire @uerfori anol ”‘j%QQ‘L

; Q “GGJT“LUQ ﬂ.{ LMo m§ 7 gaPon M OLQA% of’rfOM'.'Gxo_aAg Qé

,‘ O;L'% fmteam ang| - wnga CLO_HLDU‘DV\H/' Co ovafiobte tn wcolﬂ-?

3 szrg ﬂ.:F hamparsog) Lanxfncu@{ , Quntveol w\o( %mhebaa{

Rony Uukfle bgfwh CQAY wve anol “economad

11 Purtaven more , ‘Bmws ULR0ARs & wmﬂft*\ﬂ_lbﬂ Mmoo @i and

! QDT\_*@’“%‘TQMT oox while Q‘QF@L’E’M} \QJ\DNJY\DM %KEEDLD“\ f’\
SNEE "-'”Q'“&p LomporTion  anel Size., Takfrey. & oFing

. SWieg| Fm | “‘\DD@U\ ‘ QLOLoloLf,V\?_ duffi?@ff’m-'

P Meten et ok -

O ol Sy G moede fron Spodi
Y YUY andl s '{m@lym;% uned forc @”"’**9“1‘%“3(

| 'Q\J&w Yool e, an &'a g rtf?r‘}t arel &’*j"““’\?/

| denlie’ 8y Ry Vevelahy. Monotve .b'ef"\-‘fg axumﬁ(i‘um

b'Qf\\gk WKW aral UV roabmany facfhliPen ]EW a kevy! -

‘L:f Wi mPzoscon  oprfona Incud @ Cofocrea .?f;fnj S
Taarerna  ang Sradinay . Rvallouste mﬂ»h,fr\s»b_ AREKAOMA

CRvelA 5 By anablen wuf@"r\ mvataslon  while atag

| be'f'\st VORAGALLR Qr\o-'.. Ao bR uned {Oﬂ %a,gc_f.w
e, JouuBns I even  fawne et

:?\WQ mgufr\_?c—.
| NP | .

' '%vi;g © Solwalona  wowe .100.91\ AR -Fe)r( wh)@"qha{ bR/ o
by . PoPulan omol (R {-DTK th%f-%@c)f?s QDU N : A wor Lol rFor'(
deorostve  TURfOARS - rb-e_fm?f Lﬁnﬁw%ﬁ f w{/ﬂf o
.'V”"a Livrte 'ﬂ\aff\\q)‘fv\ur\& while ?&Mwi’y\,ﬁ o Supertion |
teataranee 4o Chemftal and - amanphoncte asiaces freolll
Povudadon, 0 afn aral shay 94 Cuprartic deril
T dueablifvg Ao gifase Tresen.  verraskifty

|

{




ol

.g) for(cdaf'\ cl_otoldf N ; g

¥ @x wfdm»tg um;d an o mean dor ’UfQJC_‘POJ\ tmddxmr
T ewcepitoral \amo?gfufeza Sato e and abrasfa,

QA€
T A houn 'Ircgmw on.

Ir’_»@)bf/&w Wi o SU"%@‘C’Q .
o) - g*‘h duxare *szff" and, W% Sirwma
ond olbeA noy - QLMUIOAR Sumpt;e dler Mdfﬂomj.ba

& ron - poreots  andl- ffmvemrtouA to chemfoal whR ag

QEMH {reezo  and shoremal  oek reslatan wh(Ch Maken
€y awR ol maker ol '{EWL CJ’()QO-A-?V‘a 0"9}\"‘ effmv\r

o ~ sealnAafhanee | l»o.rm{ wegxtfl &urtglaxw woab
: E 25-04 - 9\015\

Mt S8 *
[a¥aa f"’\:"\/ .
— Mfarp .&f!LlQo Lx o ﬁ'am ‘Erw»«ﬁ cgmmérwrcow\ ma,emfm
TTELEY {fne ch}rup\wu/s
¢ £1feon olfmuo{g (m,)

Qnﬁ\?of\eo\ a,,l[? Q4 000N _%if‘!
norn HWX\WnE Qaj\gw\»p wm@jtf&li

BE LA aure Caued aa Rafton {ume 94 E'A reoduco o a
Y \r_)\6 ?mduU dJl!"U A “\va\u-sfac-ﬁr{utf &79 SLJLFCQ(]
™mMetal or*k \_OAL,UUDI’? GJLU)BA IQ"\ W—QOZ#CA'W"I @79 ’/‘LF

I. : 3 a - ;
?Lulf. i tdz N Q& Sub-Mme J){ -Qﬂc QL@Z»HUC
with "ol | eoke and[

.~FUJU\QJ\CQ. heateof ' O - 2000°¢

= Tme afutg ;‘Enﬁf@ |, whith @ torolenen from ane
thu\ﬁr\ | %C"*Ff "}ﬂﬂ-oﬂ\ A WO fmaf\ae han '\N%ua ]ﬁfne
%{kﬂiﬁm _?wﬁcm \_rqw diamedes. 0{ 0.1 micometen |
> femwy &?ii’cm QU IQJ“LQ Preoduce s Wt '\Dmr\g,f
' Sfiitm cm,g. Condonds 60" ~ 0{,59 o, ' An  Ane _S;cL!C@r} :
Con xon 4 ‘if\m@e/s in r\\r\@ cwdo\r L Ale 'a_l.o;?. LonAend
Snroonen T Ame | oUW &tﬂf(‘_& ; 8
Scanned by CamScanner




Properslor o meity - Eofoo

=iy .S\’Qn‘i—ﬂFL KQNL a—f mLULD &L‘ucﬁ US' A w3
EdE buu\ oke:w wigen from 2o ik e T}@
LT % o mamun &umfl@w g Q/f =y bM/kﬂ

™o anieny a,’J? sfo, Th aa earny 857

g

—>

i 3 R - :
| * WVQA long  Aertm  corprton PrOYOOIONY |
US‘Q’S i{ mEeno gt_moﬂ

—

"“\f/s “WMCLL wu\ Veﬂ»d mc.@,n-lba' J[Duno{ &
MFM(‘:“*M Tn  owne -Couni %r\ a;we N RO . Rouey
fania ano bmfnbd,g A . T s
Mo 19550  wowve keen UAQQ\ Sy &
@v/ﬂff LWOLR  RpnUteAR iQU\Ja@fUM \/\‘i\»\ m
Ny L pvorl eg| bu_fuimsy\ ang|  Vasdoua | 04wen
| | Shrugpuren olﬂf‘f\gf\@flf“a i Y@‘fﬂw& &
(’.,Or\gUHOM ,

. \"eﬂ“h cuﬂw Ve enyommendal L
. - Dl D - 2%- 01-2090
prong, QLo

o> SWLA oo ObAaned by AWQT WRA
| (Uomm’\ 'O“F Portsic 1A g‘? MOUA aan\sb W ,fy_om saf 4o
L Dﬁrm&fﬂ on . Jortend  OCK otsfon” o0 paresfesen ek g
r mﬂv«b s;f nadfurcal rEver tand Vordeh fram Pm%
| Phace .. '
—~ Damp  ore @M*wweo{ on UJI’MmQOJ“ af riven . Son
NOW - o - CLcnr anda arg Mok &vmmm on olanouﬁmegm
%F damp - hew ™ Mwom 5 ’(}r(qpu’wa sf Scu\o{ o\mmm‘
o, onta  ceain frocng which e “*‘11/#'“24 I
ffﬁrl wleolt “}ﬂw”\?

D el SR b

Scanned by CamScanner



J AN AW oburtaun £15 o Con At AL fo Mef\d’b on 3?2‘2
sv\gu('P ‘]ﬂnolf &_f’ ,{fr\xg Tm_s[awo . Snee Oeao( cbm}a
noy oe  ovallodote Uw.,\b\eo{ Sound| " Ka
r‘mlut@l oh QLA eApA N Trw*r%md wj}_wf:w
balante | b‘a F(E,Mr(.ibﬁ-lwuk wAe G-F naAural  ReADWLo A

£

Nl L
- D\"-’\i:ffuq,l cond Ta a Stechfic - fru»que fwaw&dl Mheftag,
WiCh W xvrf/s{ AW s, dunabftiiy ) 87 2,
Swoge «Xw "Q')‘l of fine '“’-ﬁ;o’v*e <

Cﬂr\U\QJ\Q MOV - TWe ..&-'H)V\Q mw ot QJ'(.IM‘NQ_D{ tone
WoANg | below A5 MM rfru;m Bowt faxeny TOCk 19 7(@{
- cUiA U’\’r&fa ra4on |

Treoteralen :f 2l sa.no{‘

(SANAAA—
5 e .cmm‘?}?j g{ M,q%wfw gOJ\O{ Fes & be;hDe@/]
\¢ ‘P-M}mB -—-_"}S F | -
' 3% doer noy onain &m& cu\Ee '?mpwu‘\teh A
— 'mc;n\EJt .%Aorlfﬁoﬂ LN e @‘F AL ‘ec,fai &am,{ £ |
mh% f\U“T ; ﬂf
I = A 3¢ QA " b%ﬂe@]
B SRR | _
elvanteder ﬂ el sng( g
=5 RM‘E%(PCEM cand| L wel aw@b@[ - iy
s e tevirq supeifisinfice 3
—> %\ can b€ cbmvau@\ ?mo?enﬁ»a o reduce wou
< ! Deki cvm,r\'wr-d Q‘r cement g eriaA m@ywmdaﬂo(
77 9% an be preocliuceo| T l(um@( Vm«w
APALK&Q{ Wlw‘r] i MLa}QJT.Eo{ (Jad
T o] enemy On JOTHR £y <@ e

Cg-g .
E  wond, Mar\\-h somer  Puves vo. | R J

Scanned by CamScanner




T S E el

¥ et ol 22
.

R L

P~

Mbercwen :-
7 Adhorlin A Mﬁmuwn bepween UNIIKO ‘U"‘i“w}’ me_

I’y Q—k\"\g(b\wf\ bejween  (fwe 5““#‘@ U‘(’Ugﬂ}l OLU'Q*Q i
?MW\X ‘ &om“f{& ]("MQA O‘r M*w@mn QD{L%LM-‘J.

um '
Qfte “US'QDk SPN fMM AWO Qrk mottl  parhs o @
o

Ttieg A Od\\"ﬂl\ N ,f aarr\g)\we bonol gven
N\Q}\w @{’( CUWEMb Lxe b obH UiveA weld
‘\‘k\@s\vea |

w% B e s hose oo gt
oo&mon ] Sudaces ane iined ﬂ@Mi
‘b L“*ﬂxwwmm :f'@“m @_{ aﬁﬁm(‘:!-(on m@waruc_
Okolkemm , gur o adksve fJ:*“ Aue VOl cﬂ:p Toreouy
| SW\_ ftoma,ﬂ guﬂjagm oy el Wotoh  Ave suﬂeﬁam IoU
N Yen gy aufon | anol 7Ew\ton ﬂf Surfacons  whitn
L tertsousy ~ dfmomeo] . o e adlkerdve on
¢ Solvens - B |

f\/\%jq%
> Comrgnon Ma.a be fmveme_o{ berween otﬂf/uwfm mew‘e.Lﬁ
JOU\QCA b t\/@\ i

= M@que MK@MZI% (0N ?fmo(ucgg« ﬂ w\\*@} adkeMZre
—3 ““‘«e Qd\ke/xwe a/{’?h Qo!:Hon %

Irtocers {a etonomican |

ek |
wﬁe Prwaem Q'f Woden Can pe Lo ppeg] b-J " *
QJQTLLQQMD"\ &‘f ool her ¥es : : 4

Scanned by CamSca"n:ner



= Mw ‘(@\ww Ame 30 - amaln  denl m@(mlﬂ.@\aﬂ{
- S,?u?fzc sdrerde T W.QO[(ULNQD{ i e ured| 7%“
s,\’e,u@{ . subMantes - |

S MW\N@A e UNAYbIE oA W"]\a m?mj,u

1? Areonal f’“ﬁ%em MA

'Mf -kw ) Ob’rCU-\"\QO( ,:rrwm mm ammwmr bon%
ondk - fraaning b~b bommga r’&\.we:s_e g2 ok ek - Andmay
"ym . Fmv?.ota &A@wd , r‘ru{ak',wi’»ﬁ moole Tolnbs 1+ buy -
ﬂﬂ @H{m olamp anol oy corolfrions .oy

- Sugded n ae -famm of {'Rgﬁr\wea Peangs -, Shogs
Coxen ', ronutes S o 7

L ri " Auwm "aLLLQA
KW&ZQ} Awaee th@mﬁ olaqn@,r\o&’wd U{on Ywe - wasen
) @bAo r}fov\ . ?‘ . “1l¢ , 49, LU«L{N\QA Vol oS

o L g ey
M T asedl (. Ake W%M ‘*’“f P%“"""”" SR
++mb€rL LA

3? Dooo| - Akbmv’\ ﬁnws

3+ ¥a ﬂ\aoLQ b'a o{ﬂwa—uw o oW blooo] Ma%feu{o
T darp ard  mofat c,om{mam. mwla Z)‘“‘e"mgmf
cogor Rexlmance  peaperites onol oo ' durase
UKQ Of—if b)..Dook Mal‘ouml.f\ w-n, ,;, et

| —mﬁ hawve T’"« oo hotve  tropersfon Hore papen, Bl
M mogals , henee LGJ@M} M'le fn f000 famot?m;
Lea:ﬂ(wx - deomd v@){ ano| OC"’” woco( wom-nar 1

Scanned by CamScanner



S,&}\C_}‘f\‘ Qa\ka;\?vem b - ey I i

A waole rfmom Veaejadler  Srarth MVA
d &\W\Q\‘“ buk  wpy  eoalaram o yurl

YT or( OLch{ m ﬂfam ane. ws@{ No Mak@ Qﬁﬂnq

Tease :wu«\um\ AaCky . WA \M haa (ot

M’G M‘f\‘m fran  animal ‘a,m»

{ _ Ugﬁ j Sm% GQU"'QJS(VQA i

i - **c\h \ML L ‘G’i“@"\ M cm@t

| MX | UJ\Qo\ T8 audomatte . fo mﬁhg MO @)

| soen  oie o wesl T wﬂv{lacfrum
“ﬁf louq | gc\_m;\?\,\. . ol\ol\ lnu:). um"r'elk teApantee |
Tbﬁmoao{, : | ‘ : | . :

Aum  QRObEe -

T ere  foumy N “*\0/\\ w\@{m okl w\
QoLhQAwQ ' -
= 5 tnaas vl adnorod  aly @.j’ aito b -Q_ub{’ 2
S wdon G apyained —ﬁwm . acadte  dnoen
= 5 1s AR ert JUU\U\Ea Tafen M wong arol ™"
ﬁT" Wiy mw&ﬁ and\ wwmh OLHAE »

J

] . ¥ ;

. — Bonal |, fuaeﬂ,h are  radaral  eompoung|  on s~d N hosiec

: OJ Ao €nhance "\‘“Q L}]DU"\?\"\:af Q_f (r\oh’(dlw
: "_fﬁ)&r}er\w / : "53/

- MQ ?Mliu&h .oum\ nj?r'r-cu\ we 9 Waﬁuzo( GJ’f’Jf;_"

Scanned by CamScanner




L e R v

r_— e 0
suth anl-  bonds ”‘f {rui)\h mc@g < Precad| cmu%
{'w}\ anaftAQUT okol controje - !
0ALed  on AR oo Cmntxuz}e-e,m

—> wheon .bﬂ"o{ewa eny
afme 'Qkuu{lch . 0%ol C,D’\‘UUQ%Q mou\ %\r\ﬂulo{ b@_ Q!UZD-P\

'J;“L feopost \oor\ohvﬁk ) o | _
i W S e e

Pree - {abmmkfon ’

DRENCLon 1 « :
The_ ?whﬁ%ﬁmﬁor\ th proatw @{ owxembn.a wm?onena«

O 8 G U\ o -Fac_—,w::ge R 04OR moﬂuj&omwa Lo
@M r’imrv\?om Q_nm? &M@“bb‘a '%0 The. QDM'%mOHon
e whose w:; M Gung, h %@be' Locosed

A, fff Preo~ o refo et
- "o MOAy  witcloAr U”\Qﬂl 'FG’U“\ @’-f fFP'UC‘ f@bﬂmﬁon
‘tof\ bg‘fﬁ\gkfmk Q,l\_g{ _QLVL,[ tmfr\wu [ SR IN- BRI ,170 '
'?T_L@— ’Fqu’iw Conereste fhbmcgo&a{
'eree,k teaslonn AU BN - e

™ e~ fabricoseo|  t1eel  Seeyfon "@’PM 0h &Lobq R,
uJQ,lo{_;n.a COAt  an well 0A AW ‘amocfote  hazarola

- Pm.unfm CDY\C,P:Q;}Q 'EQQJE?OM En o fﬂk%m”a | bﬁfp\?/\ -

-~ Qolvansans r’ﬁ 9—* WhIR Yo meug, ang| - ,‘,Aé -
Lonutese Y dan bQ mmand On AWQ POy mmmw AM,NJ
40 1O QA porteol N\o{ Pumpeof w&am on' ofibrey

M U Ao m@
DUA QN '
=
umz?ﬁu,x bw\o{uv\a 41%7 Pree- rfabrc.t(a)\-Qc.vf Lom Pon e Lk 2
UnueAe  fannel ano|  Steel on ?LM\ fannel K»\ﬂ%wte:/
N7 Aensn  ban 4o be madle oo W Sitenadi angf
| - Carero Qo 'fw/)f)ﬁ&m of  dne JON"\S’} fabmmm(
et ol fafure of g iy
L teflan Sy
. "F‘:_ T ek G:mbe farunt;b{ ax wa ‘fow Ff)
',:..__,> Tbm. Componenys , ‘ .
_ W?UWO"\ QoA m»} be kﬁgkem /S ?‘:"m e ‘

Scanned by CamScanner




|

T e e e e = = -
= T = z e T T A

Tl “"Q i Mo i *"“é

Pﬂ@ ’fa,bmmot topadn Q@ ufwg{ fDR  VOLUME. c\ml

Yauo mﬂ&ﬁa& W\on B d-ud WJ’MWM P
[tnefpe

_ ' oA
™o nain REOADN A0 CMOONE ?‘Q ol
- over mwawm mmnol

,-.% ECHN}W ] i eru chﬂh {M O{le]tt%

"
refrlon o wOK ewferiente
| AR
TE, &{uﬁcd '\stutﬂ»@m@\" o “ﬁ uMm
T u“J\k}\'\r‘QJ\b\ o ‘_%@ &\MWM WW
- : Q‘&% %‘?QQD{ mmﬁmmﬂf\ .
_.'/h’

Lo rodaner $n a\cmovbt,u'rq 07? e RBADUMLEN
Clabout, ¢ ragerial ) e WPF’ ajg
& i

- {abm@uﬁo)l elemen y .
?"JQ brex ¥ .
e folndiaiton etgnenn &

> . Mdorins _ | rw_f’ .g.. som |
i [ Qa/\d m;jéfwnng%wa T\

5 At tag - - 2M0b
— e cany  ROM

- Qomt ftourfon .

D swau - e~ {a}auc.oi*o’\

3? MQDULLM e ]GJ)JIULQCDHG"\

5) Laso fro- Jabrdogton - 4 |
. CM\‘. % Lt pre- 7&”0 MM,,

? focdo j)rtp- ,}Mmcﬂd“m ’
65 - Con sygwen Ucabﬂ?mﬂ

W open  wprem W“U&‘Wwf’?

B Paodal e~ fasniarle
3)_ Tola| P~ fﬂﬁmwwn

Scanned by Camédanner



1) smak  PrR - fakbrdeanlen * -

W

] D- 0%-02

e ffow B Myper oxe mwnbh QmM%FIqo{ Clcwr(dm},“
Awefn citnm& freg - QoA -

Y Y EJ.QJ'Y\QJ‘\,\.\ w\

th ™ Rt Lo on "Fom_ Q.9
prfer _€h o wmou wlid

- fetaas ond wred fn buBlolivy,
WA O caned o srou e fabdolon (me dfe

ﬂ/{ pecaay  edemeny  La W"‘“hl{’“’)_. | '
2 Meddium foeg - Aabrdicadion 2 -

ONAS ;

Ruptene.

aRp, ?ruwm[eg( with 1L.Q

«r;—\rtemeo{ emmem
dre rnown

'H\D)\ e m\'&(‘:}fﬂq
0}5 N\o_pkf

o - Jaq,buwaO{ cpr\;\?trtuufon :
Chere  awe Ec{e-amea o;{’ e - capy’ elemen aﬂe"‘”de’wﬂ)

€ ,‘i‘;ﬁfﬁiﬂ*@’“"‘ e
-- fiia( mfesva ma}\%@;ﬂ Al memben hm
A

ot rf,l.oom oM loegmw\o(

bmw@{ ( ﬂ«e_ c{&am@_ af '
?fke Cann elmem g

bk |
» Caf\+ On sa+e Fﬁ:&f’_"_ﬂ%’jﬂ“ /gae GQWNL
i i “’\Q.L'\ rfb\@i‘ﬁ whf(»h
fru?_rf

G*f"ra%* e 1“@@*&7
rLLCg.:uor\ & ’\KQ-M?OU '

= e wldd a‘,f Proe hﬂ&j/bdw wouys @l ol EfLE ot
. r\ﬂcu\:\'porq M Vehfuoa ot Mgole
LR jke ]ﬁawm

trana porciastfon
“Ul’\f% ?"(’0 %br&wz'{f&r\ f/\ Yo be |

GLU"\’Q on Qtole L { aldo M 4 o (‘Facyf-ﬂlw wl‘\fO{—,
Ofoots  ary tn sPhe ' |

refearfon 4

5> ohex ,1"}@“ e «fabmcaqfon )~

= 9'\ ane dotal l’mefabrrf@ffm Spem T 7y
OJ'(.Q_ Caemy Ca—’*\‘QO’l W IN 'z.ms&pq_ uﬂf.&. Cll\a{ @'U@Mw‘
WU (e .
P2 ma way jf-f’iﬂ

dihor  fPringy one d”‘f’ )
i tole . Tere ’\-;Pae “‘:} Conptreuckon VJ PR I
[ i

Scanned by CamScanner




“Nay _bmuwm RO Lo(MW-’JWQ "% <
. R i e S |
-~ n won e;r he buﬁkﬁ\’g e AN .“?Q_jvml 4 f

| 9 f,;ﬁfﬁ’ﬁ‘"“ e o .
l.avm.d @Er gﬂie@{ wan ke ev@( ba v&kee.u\uxa'.
WA e a{ wwnolon |

- W, "(\%\\DD{ con b Q\“\T %1 «?m\ n{’wma “12

'f “‘4 CONARSAGHL BN m\ {om \m\“d WQ D{ L |
- e Avval - fre- q%»br&mm fan, 2% "L”‘e .

Scanned by CamScanner



—

5 oon s menad T s b adotre| awen we tove o |
vmk FM AROM ot e-f mogluey 10 STAR .

S oSk AR wamRan oo, QAN r\wﬂ-a bufldfr\sa S ardl
oot AN ARORAfo hokon of 4w elemeny an be
elvirased’ bux W hve o LoMCler  qkQ  HOCR
amiﬁb‘?di«\l for. b, Such  facfLirtes qmua;\ & Ca
femso . RO

e Ve @? mmv\og( a_f mmxme;\fon @A o DJGJPQ’W
L W ~§0,l,u)w€

q) ‘@Q a{ e_rpt&’fmemf a\«mmmg%m Qmee;:fon'& treana porey

) e s:f Wwolu@h  Scheme  ( near elemeny onfaxent)
c>' mﬂ?o\. G,r @nmeu»wq ’oeﬁwegrll w%“ |
D~ 04-02-2000]
& wWalre down Ane  wagerfan  taed f"\ Prte fabmfm}f’on SJA'\QM.
"t -1) ConeredAe.
_ «3\?' Lren) -
2 Treasel wooq
1? p:LLLmU\J_um'. .
5) CRlidat UJHU(Q;}Q
9 : Lf)-a Sw d/k\.\ Lo NLRAR E—“L’ngmt
Y Conanfe  froducss -
Peefabrdeates  moderfal  bubil?
Shest - Gt Gadvalwmne ar dhe  omf

bufhif'\"&- Golvawme € o forem
Quunnfum  zine - WA Ea 4o

Preoyeod bmm
\-DWL{)’\&W \uLM und( {fme- nﬂ Qﬂﬂam

9% amno froviolen o sagy)

e teedabrfaeo) bufufm? e i O‘wemf(f

AlmoAs  ay ahe
Qnmqonmm of o mual bul' gol? Suok an  bramh, f"“’"%
Cotumns  waw ano|  re (A arse magle &eed « MoAx

rFaJ;rucaaf&{q "'\l.lf-}fm‘a 2 efiam wae 400l 60 Aluminfin
famon . *dm»\e}f’c voserfiagy ame GAeo Ol Ahe waus
73 T B sl

Scanned by CamScanner

use 3:11\;&!\2’1@(
“modenfaly dfor
YRRl Twastes| Wi




To tovide  enbanced Semudyy o combfrod,
et boin,  teesfal Meial and - oleqw  maxerbana m
bed . tamte qunfw& nakardann  con B quifekgy
Qnemb oy QAD\ are Ye,‘,k dyoble - ?m&]@a,brt?w |
bﬁﬁ"“’@'\“& mosesdaly  tned Aot e P%bﬂfwﬁi{
LTE are  Syeel , woed| , lore CQM | e |

St Qlum%\im M\Q;&ﬂﬂ_&, p |
Mﬁ_ . -wef&w\_ ang cmife,m {m,w
brlion  and| conutere \Du‘fiok‘i’wvy- moresaln  LINR -
E & | - RN @
Shep) ,  {lbre ,lm;v)).'.Wét)c{ ang| _~MMLLM .
- o |
- WA o ?mfmﬁm%\ Ibﬁw“&\ MMQLA Jon
Wonky bufldfe, . more  Motediath frovele
{M&w*‘x and one preforreg Ao m««-f»h-&\ww
0“\0’\ Tameuerdes  L¥ BandA  and ?,ea)rﬁ dor Waolfum
T T
B
Conen)  rOdsCin oreed| w‘ﬁw\.o\ ek @_.f e
| qua\' t o weds | en Gfrm . 9N h@h We Q% ‘.
' %Mkwiuv\ S\he ’\‘QQ)NCE“’VU-QA M‘Z\& LR, ScmpaR C"‘Ol
0 e @n '
e oy pefobrfoated Mosedal - on nake ]

T S .l': cu\ok {ﬁmg “reAtMand  anol w |
. fre faxndeaneo) bufmlfMYg Moak of Ave Enewjzob&mwk
e b\:imlfv@k mmenf&l/: ke, ew",'fﬂfew\l] and| O'H‘ﬂ“?‘“k

Scanhed by CafﬁSéénner

i
¥




&(\pﬁ@"
T eal we,mbheb {mm a WCQ‘W”’Q ‘“f*‘e’\ Cany
e iy W\n\'l"“h e - Preduefon YRAOUNUQA NO €00k

sl | .
-1 qux\m\ tLQAmmLQA o - sﬁfo (‘_Of\ aolel CUJ\H ! iid _
0 me,{cum N @X | omembﬂl’\% Can SONE COARA ‘1 uwj
0N~ SUHe wortk, | -
—> (oo 'r\-ooh — T?‘am er\@ Con'yer ru; e;&o.,_.ﬁCgm'mke
V”‘A ) %@A‘vu& Cmc{ NQRE e . |
— gwwm“ r\oolf\ - Deake Aab)0s Lao{r@uﬁ’ ¢ dereu el |

SR @v—HeJL HM me QUUKANE

- %Mm’ﬁf\* U\O‘cnm g\\;LwnmeJ\h | J}o'\onlort’fe,b e i Minaote
BELYINS (_“\YC;\CJ\-’\ @rf mwm ony pmgqqufoﬂ W
5D CJtO-l\e,h GJ\c:V\ mguj_abﬂe '%%ﬁ@ &u,f?muﬁ Can actmo

thapen ano{ U\fu_QJ\OQA .w%«v\ou' DU SMEVE | BN~ &f*w?
farre  wor . S | | ;
7 “*QN'\Q“ ?Wﬁ/"“’"\ rfawcamT dootn Con b ofo mong 'cor\ﬁuam[
- overend mff ;glfwa heok ong| - afn, fer  Groderteds |
Lowson ener sy ummpmr\ ono|  weatinien bultal .
X NW’M& Cpraolutfon o Joddiede  mone  opréhat
WIQJA wﬁe mwa(ﬂ?ma N coptie | oluky
_MQQMJJ‘-E - H\Qolfadﬁgl -?wlo\-‘:. movement @M rfwo»{onq
Frenem u.ﬁ’mg{ ang| makn Con  Tmfrove  tondrwesfor

Scanned by CamScanner



d\"‘? 05 L _l'l al"‘lﬂ,ﬁa
Emtﬂt-\v\;@&e Y\eaﬁmo:\ek Lo!\:\wmgﬂ'\ L4 R

BUJ sd | LLFLCUt‘LEﬂ &
(‘\/\JN

—— ‘-rm:“mm‘

r\QQ[QA‘TNL

w,\gﬁmo"\ Wﬁ “‘f w\ ‘f’“**"“mlf

M& CU\QL Lhafe
ﬂ“huw wih  radur®  and Loaakton @L‘F e w.em
" e bmw,\s& S uz(«fffw«\ » fﬁ _
L S.Qﬁ«w\u ‘ V%mﬂ@ ' ' I
: a e lgof n-016 o “Q“JO“‘“‘Q“"{@\ hu“mﬂ\a wﬁm
YoM T Seu{or\ ffart the. be;HJ@F( Fenj@@mmonee ﬁff
| W k}um\ c\ww\SJ earthe ;Lu:u:\e b 3
e Mom well  Un  eortke Pualr\@ o bchLoLV\Z E"“W
POMQME‘A fwr( ot %mbuﬂﬁo n

' a}gm\pm edar | Lﬂmoﬂ. ‘
9 MU‘(M;\? o H:\%K -

= pufdl hoving  o®m pe ‘”\0{ i

W{ﬂ""”“w& olirjmbmeo& Qs m{?ﬁ;‘:" “j :1:(:1

| QA weiy “aa A elovaL{Lon ’ S'u'jo’fén = S O{aﬂn?(
Nisirs, . buff’Loqu Cwian Srresylon Q""f

- A bmh:ur\s' gm be CDMPQlQﬁ( QA ¢ ulour ffloﬂ» he

; futporer of  dnka andarg H mﬂ* one. “30 ‘M

—fauouawa | wr\oh*}w"? ) ‘U(’Flfﬂﬂbbe

Scanned by CamScanner



'\*Wn %gw b@w.,

Plan  Cueyaaryfen -
NN

— Totafonas mfj M
—> Reenwony  corflorn
77 Foot Uobs  voalney oweemBve g coum o ofeny
o 3 _
i A %Q‘L fane a,fjh, €n mYeuteal elemenp
Non ~ ?ml;e,L Lotoxa) %rma ﬁvem .
Neraldak  Qeespuorafen o - 5 K
A ] R G
> &H‘Q{éfnm' T l.LLQU'LL‘V“h st)p &frorwﬂ)
T Mo WM&W
7 Newleq)

‘a&nmuma . M&Tmmﬁw

- .
N Prane AL oSy ?

f

K L V@Uﬁ\? . en vy .
s jtartte-. | *"E _P'\} tal elomeny NQAEAM‘}
. Sy N Tresulanting Gl
e - - ?I
N OLQQJH’\-"Q O Wby cpgunn ., . SERE |
: e
ta N sroolen @—f Mmhon g ﬁwo ?mchu
Obmgwor\
—Famgw ulaJtL%a e

k Wm““ﬂ 1€} souo{ A be r\omwr‘&wﬁ Sremaum whan
2 the  moadimum hmruZDl\w s frogomeny of an ,{mmﬁwm.

A fe004%n e.lﬁ e gageral —f@me 04 one eng| of Ane {omon
Lowore  ahay 15 ffwmes 4 rEntmum hnrefur\mq

B pocoment 0 e fort e Qf e f/‘mﬂ 9
Har - Preoodlon ol | .

TN rodwel geed Conremirdiiar vo i {unatamwa,q
tostalongy maole of eAMasfon Y | more A Hhone
e FJIUU\A, A0 rimmmquw magles CL:{ 0Auua:f-co:;{
aims«k Y ?ufnd?cu Pan JfrectPony |

S "‘QUU“MW‘] war bLLiWN]/\ WhON he nOdD
“"{ mmfw merw@l placonesti o Ne eno( aro[

U ‘“"‘L”\ worlzontal dl plocomen)  at dwe  OHON erd T,
Scanned by CamScanner




vt P e,

 Re-
Tt L il G

'S&&f’fﬂ% ‘(gf e w of Tumﬁ:fmo WW

3 Pig-k\)v

( VORMLONAL  TR8E Gl AR T)

A o 7 | : .
A bulid? R &mﬁq. 40 howe B T~ QRGN LIKNGR Sy

Y ten il wen o s dwal il

i‘.‘ | \’lcu\ wan o tofension af t 20 ‘GKQQJWJ( hon

15 fenteny _ R ovenau  flan olimeriaon _fﬂ ot
&Em&for\ . | '
| S0\ bm,stou WU TR~ OMNONY  torners | Ahrele -
o‘uﬁ\er\/\d)r\a.t CL‘YLLP‘\L Q“\Q}"T\KA “\U\MC’{ M i
ehsprech .

Plﬂof& SabA ot Bmuw\we Gk - oup o &f\emrﬁrs :

Of@_f\ii’\BGA %f\, SMJJDA l‘t%u,u U\ {Mmbl& oLwL{"-ma_?M
b%muoun T T &kﬂl- toertal $haon  doreg €
gl’\g-flﬂ-o{ l_m-d Ae {’mg.m@_A Qno(/grt vertaa) Membom

i POo[artAiDn o AWRLTC Lasertal At Aot snad Qﬁ*;/if’ﬂem

el frebiom QA Twudam}a ‘atentuaded, W Ahe

o{’gmm] 193 UDAL o ke “LQ{?»Q af Jhe Lok . &W7

t 'SQM +o  ave o[ﬁ&Cmﬂl\w”r] " ’erﬂl U\v-P,QgLr\Q'

f‘f\@”\ wwen flﬂ“fk SMobh have  Guy -0ty 0N

Q?QNM\F g,,{ ara  MORQ  than 60 L @fﬂmﬁuw

e oot tdab .

.. ¢ [a)
oIn bu.lQ_DU UJ{L)'T\'\ Om“w'\‘ﬂ’\tu*r‘a 'ar\ t’\ko_'ir[ m-ﬂp’g

2

el
Scanned by CamScanner



)' A ..,T T VL\,ow_
- n.l5
le7 L . I - } Ly l Aoy >0-15

S
e
[ o

: ( RC ~ endvghy colne m)
N Pan veradeal BLoments -
~A

AN : ~ O
ow- of - plare offios & verfeat efement ﬂ‘-ﬂz‘&&}{ﬂa
logorfod  Loaols (aure

dls contfnugfer and detours §,
twe Mook pash, wWiCh Lo known 40 loe obezﬁmmeﬁ&@_,t
10 Ane wmm uoke  2a e bufﬁ_oﬁvxﬁd A bafufn.z{-
g sadfd *H) have  oud - a,f ploune @ﬁ(’sfyf n veruital
E’/lmn@\m When  Stucturod  Wols oft ~frames R moVeof
QA a.,f pane  tn Wy &mma ngﬂ Mo Mfa,m mf Al
mﬁolfr\s?f ,

o WL\E‘)’\ A‘WG OLD“N L«ONQ Lﬂm 'Forcouq

Wonee okmmrq')
Mfﬁ’rfvwﬁ' SK;M ochfQMQDL mm& swo pron | dirceetfona
o ane 0t or\;u A6 @O0 othes .- N, Sl ns E’Asaﬂ,(_

S At Capurtoud %T,arg,m w‘tmni(g Lﬂv\&flf.u ﬂFo“w/_\ e r\o«t
Uﬂgﬁ‘\’ren{ QLDV\‘}K dwR YD d’pcu oumaaw anep n flan.
| Ao > .0:5 Aiongysn ¢

ho > 0t Mowy
|
|
|

=
&ferf?wh {orgmd a{v-? w e

o e SLen RN 2k

off-‘f“f'“?h . Lotated heerg or..-a
ey of e dab .

Scanned by CamScanner



T pm——_——

| LLLVATICN |
] 0l - @.f [tane c’l—{’-fl_!"’.f ik Ve fererond {Js’l.""-‘;':j_,\')

L Satffneir ﬁ%ﬁ- (&sjﬂq :@,em?{
A &@.,F«\ 2\oitor A a ;.g-\_{; WO AC JaARKO &%frﬁr\m
a tiA Lo «—»\m&m AR ::}Le;ﬂ"’wve,
2 Mam - veutoy yael
Mo gmgﬂmw thatk be eonsfolereo| a0 enlay; when
«i\;e; s.oatqu_meﬁ yed ang fMeon Ty MORR - 4ion
by avou of awe flooren below .
'b) VEJ(J-{:CM G\W@ ; E, .}T R

-
“

3 ot e med[«on{ A0 QWAY, WhRA AL worlzond
Sl of w2 lageran dostce rtezimfmk wppem S onf
5'*0"'@‘&, |9} Nr@"ﬁ"&'\ ;Q&v, ﬁ-f e S.‘vforg_p).a, helht -

Scanned by CamScanner



| e ptaconalnuftog gn versiteal WP\M

b 25k e
L
R £ vereadeal elomengs whioh
on - flan ,(QQ naut be wmfo{u@y{«}o

(IXSACTIIN G ION
ol T el | fn ~pLone . a,]ﬂ)aqu of, e tateral foree

ety WONOY &fmf’ﬂw\

asfey elemenas T mey
e "ﬂ MAQ_ - elemeniy .

e

D SRApN g"ff’@'ﬁ’lffa ek Vercelg ) 27
A weng 840 Th a Moo whore loferal G Ql\gﬂ_ ;
Umw:ﬂ)ama.{lqm &WJWW., |

C:.) ‘°_ LAY g-kwb Coﬂummﬂ

&wh Cofunny - aIte ﬁ’k /40 Ccaune wnwmreat@_a{
oﬂcmwbe' T Awe  Shtueurg

"r} w Meo{e/\ % e&cfmgm ff\ Two | prdfnaﬁpcu

?1011\ DL RROLONA A~ oy
/'\-_-/\J ' )

s-&ﬁ-ﬂfr\% Q,f’ PRAMA | colummn , brOGAA anol - Meucturtod:
ummblwwmw*@mwm&\ wa}ﬂo\kufﬂolfm[r
I o eoom “prdnadpan vlan dfceoslon .

O Dorerelbe Aﬁ,ﬁfm@m bui’iolfwﬁ e)r\amwrwtf/\&fm freom b
Qm[)owmw 7ofnd @_f? veow - ,

AW-— e sQﬁAm‘ic_ w@fa«*ﬁ.«ﬁ M,\e whote bufldiJ

;e “L"\ Q‘F e seanfc welsphp. M oM+ AR, .(ﬂoon.w

-~ M\-‘G :j\; ‘g'L'*fPOMQD[ n be,f.we,QA %OR.Q)-IA gv\gu_,(*bQ
A Af to w0 Jloores above anof welow On a
ff\\f@,tme P'“{BPO!(’:HOH .H fh o{EAdOhGQ ']f;w"‘) R fpﬁom

a2 ' (mwm-fmd e o{m@’dﬂ Selamie forccen QJ)QM
CHUUMLUIR  dlp ]
confderas| ¢ 2 Tyme| toasf m m"f neeof nat bR

7T ™ sdlandc ¥ '*f eﬂd’l@" froerce "X f:ﬁfuu
deaq Loao| P apprn prefoste . ampuny af €mpmeo{ 100},

7 widie tﬂmpwfv\l;u@ il e wefgm af oon fLoor e
w@i‘r\« n GAT wrwﬁ thaid be

: B

Scanned by CamScanner




| @wlbq ou‘.’/mmbw}eo{ 4 R »[‘mm MOV@ CW{ 5&@%

| e S%O'U’M( .

=3 L}Q “olad o{ugdﬂ QGfAM‘fC--We NeRY ) afw'@(T ONW?KMM

RN gy ke ofgrenmbned b e oo
‘Wmfon . : A ,\?r

W - -
here din = ve,s%p horcf zmw acmw on wwm,

Value -

|

vy rep Ry ourghY+RMeerea | fﬂgu\r\f'
ol we 1&’\‘9"‘:\01 E,&QQJ\ x,e,\i,uﬂ
™R Loao| fc@\‘ﬁxxﬁmﬁ T\wm MbAy b@@?
‘oned|  Lopph, g o
p)aw&mmmw-\mwgfmauw

i;f;c;::\o{ae%fma qﬁi\,\eu 'thfcaﬂry m kﬂmwnﬁei *@ *Wi

btﬁloumx A ..

‘h/\’ﬁ*@m

il Triry vy,
'f ' Q.\..L,chfm;\ Rer P'(QCMOM!W o ‘l 1/“ ) ”h \
Loy Qken; dwene Gre. GMMQA . ﬁf &MM\

f‘WOvam ' '
Hid s JMV"'& Loan Qrf ﬂ\Q/ﬂM "\MO.QAr Lo me e{
e
Al Ty ool an%wsfd@ muzo{ke caon 'v
“”GW“'Q o on mwm;\e&r\ s 2 cagaeﬁT

7 sulrable '{QMME ?E)QCQJS ““MM ‘OQ ?(-OV%’M Ah YRR ,
myﬁ«&:\ 3ot TS0 aA 0. owold - Ave gﬂfrpgmw{; Md

ﬂ ST e chabng MU-LD{ noy bR O{waFQO{ *ffwm o 3 4’

-_bt,q H\DLLL@{ be};ou)eneoq M%

Scanned by CamScanner



= :

Y @Vﬁ[’m@‘w UJ\O\ devieer emproved, fn ane ertec«}for;
?‘wkﬂd“"@ S\,\er\wm CNQIK Qd. '

= e LQ?A QJF peovert chafha  shoulol nod be ofened
o 40 SUlh oA M‘hﬂﬂ L b Ao Qno{wder( e Lmbflqu
yf ARR  WOTLA -

— e Ve suf fane! folnrs on e Jobrowortk %@uio/ be.
wafedned| a per dne desfices] conler cfort s o
ovefol  Stalin o ATAYaEA™ olurding  amem by .

57 "TeR fi‘f\‘f"‘@d olenteen ano| meoharlama  ghowlo| be Mfr\k!m(!g’
B ferfoes unfrol  atofer S0 A0 @\m?cﬂ r}wrt iuo{den
faflbre wlinous  adyfee .

AL S L‘fﬁfw{ thoulo| be Cm,rtftf‘eozi QUA _c.mboﬂwwd_ WD Uef
moloien ho - | '

[ N~ 03-03 - -'an]

A TERG Won@ bufﬂ
iy MMM&A\ WOUIN QN2 &R,QJ'\Q/[Q,({ bQQcmAe f’chw(.
n

om Ceomjaure A0 sl "\d?f“ Q“O’f w‘j’f“
= Atnpe uj’ moxﬂvk 'W\BAQ wau bohaten &
rwak U 'Qm

’_/j Fhem G
AeserWen.  OA &. bon. alp t*"\ Ahe ﬁuf
’\'@—F - WU\V\ AWR "FOUJ\O/{ OY'I- a4 A““‘Q bO’f‘*OM p

—

WA @R be ‘IO\Q)/\ﬁQ\rQa/I b~a
o E‘nwmfmﬂ aooo\ %\muu&vog

M 'C\'I\Q_ )L_U'\CA’*{ oOn . :

faruted ot Ak AmR mﬁﬂw 10V0h, FTUR. g._z{af

doort Oi\o’\ “t’m_:tugu,\"\@éd[ Yo e KeAE smold

Scanned by CamScanner



| D mv\ww %W’“’“’Q hve ity

: bQJ"CLL ?LULL QLH{BM

| qu{ w\g’\en aKOQA “"x - muqu
o U:\ A VOA R D\Q}HD'\A ONA n

@f Bareh oond  fesrtes wpoueh, i
Bonola © Coh  be ~Mad@:. &z% wpgo 0N &’f “’Q"ﬁu"”‘%!
Wnere 3o k‘a\&) . TR Sa—mai“@\\ : 9-91\96%.\7\,!& @—eF "#'\NQ
band| T tuiny be ?m?\én cﬁr\r\@_w 0N Ao
WO eopenorr . TWEAT Wb aow’  Awe' bm\o1
Yo swpfors  wals M@Q 3 I"‘r'WQJJL g
clivLQ_u\im\ o W 9\"1‘\0}\’@"’\ 9 AWoLY AR
'Cg@u”?“:/ Lonan w\wg’vm mw’l &%tw
v Sheel | Aanks SRR kU\Qo/\ Ao MOKRT AWR
U\m\w\\ Lm*m @7{) wWoa ol LA 0n S&@k

i oy leopeihen - 90 woeo|n bcmd/\ frafen

“Oiﬁ"“b &f _ ;gb;.\‘m&h\,\u W\TM wexh e

9y \iﬂ\?bﬂhj\:\ . Cﬁw wilpe’ 1?r\ | KC b‘l’w ,09’97@

i O‘J\WMN’B A,FJ] sheol Afnrax  wfin &l bty
- 0

{ ‘- L ‘\QQJQN\QJW . Leintel W\ |9 frovieleod oA~ AW

:' M“*Q,L LN o Qu  wierna &m\ Q“Lke,r‘Uf‘GJ\ w

siusliral o wal QA oy WA ekt

o ConGUUVangy  Gunarlenp G‘{
wavA ol -t«f?fuﬁ‘f% hortzontal bef\obmd wﬂm
L L% bQJ\O’V“’ QDf\f\.mku'\? @,f (r\,;:._u\‘,]!,gTL.«_,Q,,,I@_’MT t,, ngr\qﬁﬂ.

B e S S I T T e T i~ T

Scanned by CamScanner



q‘»\-& ba!xo’\.&z\:\ouk‘of*be N\ao’& @4(2 ronJorr (o - ContuRAe
o et hev Mepen Aven M O ER{ORE e

ol e swolk Ty
e Bn Lemon corro Moy JRONER it
) Q ' ) | \ :
) l?!ﬁn*“ ¢ . a 2 2 e ; 2 ST

2 N | | ) .
mbann  bond, Ta o bond] oy eof O:\ ?UQQUL-
' QA - 0N AP @L‘F e . %@w\o{gu—&on
i +o »e Yﬁﬂ\rfcl(q_dl PS|'NeJ\¥¢) &:\tﬂf{) /'—FO@ZHV\-S]/AQ fﬂ-:f

L el \Wa

W\(}Aow\ﬁrﬁ M0 uaQol Ou\d\ anl  letL ¢
0

ﬁ_{\{\r\ YR VA

Wi

0

WAL 3 weny,
uneven N -UES Trepporchien | G5 i fms; ?
291 ATGMA . TR ool we U Lerve
L e i e _ |

on ooy Tr‘\n@,ﬁ cpuae OA. WL

p R = T e
Rmﬁ(? baro| TA O w Wﬁ%m ooVl 2f ‘E’m_m@mp“y
bmm Ao M&]Q ont {_LDG_FO:- on . bLU‘_‘iL_c‘)(IfmA'_mf’}\q f@e@
frou mffomo( increge 0N "einforcacf buitk ooty
ond Tanoy wppuineg| becoune b maof stok oo fla
CAwe ol 'ﬁjﬂo\ loaf_\o}\ . oworer(, - In 'bdef A wih fat
Mmoo o co1 Sheat wosf rcm/ﬁlbawd nogols to be

| Cwd g topedl roef
'?ttn\rfoﬁe_o{ or 7 R bufﬂdfr\';*xx wen . Pt ‘rCMQd]» ort. slop ¥

e bond v tnfouant s
A ‘ao,bLQ bond £ O WordZo™MaU menbaR "ty - N
Qw-.xwa' ADD @,F AR mfo{HQ @7[) the S%ana.&wo to Sufpich
e enala @71) tne  €f ©fters 0ﬂ01 ‘mmf@mf/\? oo

AQ POAYA O "’ﬁlbﬂ;@ Q;\o{ WalA

Scanned by CamScanner



e
62
J

B R SRR

|
=
5
E
:
s
4
£

=
€
¢
g
"

6%0

<
%
8
<
£
o e,

Whtge (Re) e S%Nﬁ:‘@:\ Mhawa Mg
N J‘-‘"W “f\w\\ he ?rw'ffen ! Q_nf\ﬂ\QU%’\ Uh My
WO nrnarn . WEA WL SMOWaw’ Tong

'L,UL
_S\UMFU\ mm.wwl U‘\"‘r\vaJ-RWQM\
olmu;wo“ R w 9\0_0&0’\@ - WG Mrw
S -L%vhfrm woM S’?Ottuw
SHQQ,L 'QJ.\'\M QA\JQ MQOQ % ff\OJK‘Q ’\r'V\Q

-Q\W\"f\\ LO_M&'W\ ﬂ;ﬁ wWeso|  LLANULA “'\ S‘FQ@*

..Q)\:“{-QUHM\.,'

o

RAROSL - 90 mgg‘gq% bardh, frafen
'\m.hw\gﬁ_ of AR LQJ\»@M wt RS AR Ve 2

0. o Unfoany - ko wle T Kc banolA ﬂqfe?mi

l: -. Oﬂwd‘“"é ' M”f ek Afny wirw, el oy

.5[; | ‘&Q_ mmmw Lontel e |9 MV'LD{"M O A

{ il el boen oy Smernay arq) averural
fons ’z—\{,@)\ﬂw M. \uQ)A Q_Q_ U pA \Lm\ll/ﬁ ‘QSKE)Q/? ]L-'r

| !i Tnf‘htﬂcm : |

! Pk SR % .

b i bord\” A ?mvpo\Qo{ ax ot pevel %mcw

‘ nvesnald cu\g\ RETS I W\Te\qu wa ad
o) o wer  Uton waus oo *ﬂwﬁ Lmaamq

a.,? wala oAk ConWUUMA L Qo Gunolen p m_f
wana  and «a«f;femve norefzonta] beno{,mgt rexfner’
._% bt 2 QDf\'\U\uﬁ*J @f R_Q_Lf\af_gmmen‘ﬁ A emm*rfﬂl

Scanned by CamScanner




Ll

| Tl ool &%«Dukfl)\g‘ be W\QDLQ ‘Lf roln ‘IofT“.Q:,QQT- C.bri,t_]wbj\sel

cooks MDY Jeandi Aven  MAy O Wo*ﬂw,d\ Ll
e comony  MORAGIL N0y ARONER avon s

w R f’\
sancbh 4 o e P
.nf]fl'f_\&\'\ A AS 3 2 A AR ; hae
e (& bond| - quoviddeof aA ¥
fhlinin o = : o woul - A

A ‘
' ' AR _
- m@Ao*«\wﬂ. ‘ano waeo| ol P
| n ty |

,&Q—%k o UnQ:Qr\ : g barol wi  terve
IV LM PRERES < 4

e oA WAL
aa  dauny ffrm@{? CDURAL |

R ' M A O M 5;(_ Lina A ‘?ru)vfo)\_"?_o{ f?m_mgd)dm
bﬁm AR *rw&]Q ot .{i’n'o_rmj- . bufwmj".:;gwf@"“@
g | - ' vho  moel Sjok a0 PO
oond  Ta  noy 'ftﬁzswtrt@{ becour@ MR CROE BB &
ot paa g VT e By eudlafnga @h flat
e mm%ﬂabm'w Jﬂ barol 1 to be
Afmpon ot 6T Sheot rwﬂjpig o8, \ nw@pm o
Yevlleo| . on bufidwa\ wetn - P8 *C""M SN . e
| M@__P.bw\o\' ) w@w}( mporhant - " ‘
i GAN:E br;q ¢ n o worfzonal  member whtCh oy pmcwf
h op of AW mfo{“a’e@vf the S@anj.&w e
it | 3 J00lA
e ool of e el oftem G emfomy B
| £

CAD POAYA O Oﬁlbgp ijgt walA .

Scanned by CamScanne'r



- Chrod RETROFITTING OF STRUCTURES |
W

P Wy ore e Souncen af weakner n Ree francg

b\‘,LfLolﬂNt?l

A Sl ef waknens ﬁr\ MQ »frmmq mfwfr\?

WW(\/\_J

SMthapake "“Qmmd R
@ WO beon kQVQlDPQd\ %\r\rwwd | dne obAel‘L\(OA*EO‘\ fo’ rﬁlfhw
G’P StRUGuR D &Mve»d reorey

@10, am @UV\WQA mQ\er A WQD we mouEn 36wty
f"F’. R Ry kaY\-(o‘ﬂ' (Rd Whexe RAQ ﬁ\mmoﬁ% KQAKAH'W@
r?rm\Q buﬁlmwy\ .

= dla condntoun o garh - f

FA’ oLk, @4 d\Q.fMﬁ\Mi}m\ Cm\?&j&bab \«a rLf' S{mu(.‘#uftﬂi
' i\\@,ﬂ\\yw:s

— Quayd WO rKMANAk ongl f r( Bl
. Bigghg n’;ﬁub\q ﬁP o{ 00 j}wJ 3/ Q—{?
?%WWM% ®WM m};@t mh«

I:VQmu\ St e MUy v Ao Qﬂcm)\ m@)\ﬂ@\ﬁd SS‘AA’TQJ“

Gk? ’\J@K%L(X_Ll Q_DCLQJ [{Q}fj\\g«sy guﬁ\\_.qm %‘JT\ *wmfmw HuQ

\;Qmuml 10c0] 0 AwQ ”Gf(bw\o g;\d

% wordumor Aol wotalr| Spwan for korferidy 4

norefzonyal iead) &-.F @ - vorurLeal oo T\t‘@*\

2 ‘“W?WL\*W *\m AR &ofqu jamuz,a s;mm{
be ?M?Qﬂ!rx QDMPUM by dno  hortrzoniat {’mwa g,.r\
ond, 9@\"’-"9#‘3 vonrfoitroo|  Enve vorufad  Aoheral @b
: Sprem. . v Olf_ALDT\\{NﬁW on v\\\h. 1000l faah o 260
mm\/\«fgn Mwﬂ QOUIAY  ONR &f 1we  mafort tar\mbuA-LoM*’
| _ Wmc;ku&cu olgma,org oLuﬂfr\sB &'\Twr\sa @M\r\wkp ;

i

Scanned by CamScanner

T



e ff

tf/ Sw&\wwi D,\% 0}_‘5513 m%{ a’apomm*@o-n.a,

S Twe mﬁiw\ WO P Ao Srusiurad QOb@rcA
momeny RAUANTRe  freame bt,uufmd R ke i veof

©ampuny .&{ oucmka ond AWR P 210 A0 TadAN buk

Lno\o\ n orco\ﬁut *0 Ckf@t _L,uum &&Qf\o{ AR c?\ej@orcma,q{orm
Emporeol ugon T tAfME 4o telamit Lot ,

> TR w\mm a{ Jafource Wh e Lot ‘C@M
WALA - anol oo coluwnn Jofivn

— 9% ¥ fmportaany An Qnm@m Vg cnnAevLuﬂmveA jgor(

. e et »QCLLLUPU Qf QMMJ\LUJQJ\ WJOOWO"
7 S“QLD\QW’VQ &‘”‘-’Q-“Ja‘th and, olu u{uw &f Ve Qirwtura )
S fgmbere Cah Onef wt tAuL e anpu om mm?w
TaRiase @jﬂ MR U\* oy 2 hid

ity mailyy of wposttey o et

S T7 TWerR arte  NUMErOoUA Qmwrc,@/x wkg,me 7&1 wM%@dﬂ%r
Pockfe oo AT LA M lock. a_f QLMW ConArenl. I/\o\v@@
MU {0 kR o{ww;wJ( -

e ) {ocuw MU AN PROCALCRA - maa be UK"’ ‘U’C’K@f?
-IQ-'N)UJ\\ 0;\01 O\Q,\gflf &-f M\jﬂoﬂoﬁw\@\\ aA for R@wfmﬂﬂ\@m
| &,.fJ code mﬁwm% ‘whon  AWR @J\d] &f QthoJ(QL W.Q?Ofam@gu
O ot by W 25 yofepass AR cade  spockfeg].

T A vove bean d Aud Yo poor
: W’f@*zﬁ um\rml GL-)? aiejsfsrw N\Qmwgan\shm aA

%‘VQMQJFSQD\ ) &?CLU;LM‘k @~F QDN‘J(QM b~b Awp c_nmrf_Q)\Loq G.f’
emboobleg| U «.Fouu KOUTA , PONOUA Q,ot\cx(mvo ‘”XQ af
U CreR4e - Trppe mfnw\cwp eAC,

Scanned by CamScanner



F':“r'-‘.,:w LT e 8 A ey
fam i

i | —04-0%-~209, %
% Qm‘iﬁ ww{ﬁmw& Mwm

'%\Q(i_ﬂ\ UAQY .

A - o " |

ey f}* ‘ﬁ’,\ " L"\ir -—%MJI\ H/\ﬁm a—F f"\bi/\}uva
dflmal oam)l | ot NIASS CUWL*PQ\ ‘“%r(uh\u 1@’) -

i L oy :mym’)\(em@rﬂ over.  AWR MU N-U\

Ss‘\W_O N -, o
J\m WNeN T e enld woklen O '\WO- \Om’.\d‘“’d
2

] s}

NS ' @

e AV AWe NNy 1\9\‘\\,\ TA - oNo Joub e
: b?‘g@ (NI RN 4 o\m MNQ.¢ \ aQy W‘S

WRANON O AL o | T

N '%J_,\U L C\_.'da\(ic‘ A €00 36 \\!‘ “\I,L_ﬁ}fk -Of’\ .

obJewveA (;.jp wmmv\w

Iy QJ"\C Rtﬁox\w\ - s &ﬁww\r\ Clasergl) &n wold, o8 both
\

I woelon t\\ m_{_-f\.?\ sHrinOny  On \o~\ INCRROA rjl
, D _ : [
A

Waty  oR@pn oW AWGS ND. 0  WIUAN fu\g\ o)
?D

~” DO G -
TICN LN—?\.\ UV O AWO &“‘L‘-M”*“J? N b & T“'»DV Lf’h "
‘r-t

3 N;h olemon

NN o q.o’\@ﬁvuw\ﬂ |

2 (water oo o aion boxw0een | fa ted
Kw{lﬁ*r@wh Teheleuon

e

e S i

l' “ Wb—__ S .

| M’?ﬂ“ﬁr@? JJ | \YMM |
L Mou . f‘ftoumﬁ‘l ‘mh:{_wlﬂ\%[
— £ wan ' ““‘”\%NQ of o /
| b%:‘lﬂ\ l\ W 2 1 RO A f@m_/)

r '-“LF“’*‘

> Pow e, oty
; h\ .

7 Sugpaemenial olwnyma '

{009 bane Crogosl

Scanned by CamScanner



. arg 9 ul%r o RNAVWONe  Awmo ¢ eefamile Q;M’o\cf

‘Q\KJ\\"F:M\ Mmcﬁuﬂﬂ/\ ¢ e W

Do o a9 Wik sural — $evel cx,fprtmb\q
wm{fﬂf Conion  averwen  qlebal N&-ﬁﬁﬁm—i’am
AW Stucusral @qum. | | o

2 e L o tmemben , .

? - ﬂn@@m%&m QWQ’L-M{EWM &{ A
w%"wﬂ WU deatal wiin o Tnorase ef e
dusorlys 4 - Lbn\!{one,n&{\ _.“"f""“\ %{@WQ %Cfﬁ?d
o san(y ot et iy Make .

g

Uruaura)  Level 61513\001 _Kw{lfﬂfvwo %

Molf Moy  Shean  wauh -

M M~——— e ~~— | | o 5

ONe a,gl AMQ. MOAA  Lommon meAwodA  fo IntRone

Awe - yajenal ame,mr’m ﬂ«F A I bufm"’}/\v 94

k) -":\AQ oA g‘imlfm s ol : :

Endycplon 5o )

IN ceaone L gakerad  eAUMaNtR  puk T ConCemaitey

ar a -F@J.o Hoton . o :
T INUROAQ o\%d\ mo{ ﬂ—g AW umw ;

5
e

;

Scanned by CamScanner



— ——— e 3 2 e

'I ;
Scanned by CamScanner

A N\nc)\w 0 \MT Qwek a,% snuM mou&f«
N RO AN

TPl 0?0  Eh omﬂ\afrton Qb0 W0 %&An\fc be}\owwuq

o he Ao bmu«m

%’ UM\Q@‘LRCUO}Q Dl«qrwbe:q _:\Gup\QA ?MQQ,_

- S -+

[}

B —— e -—----,g:fl y—— I *.

% o o g i

| R !

| | L™ J :
. o, ] i
I | i 1 I

| Pt 1 )
! R 4.
(IR ki 1 RSN N
SR p— - g
i k

& .

ey i
9*\ t’\O.f\ V@A anf\E)NQQl (T\QA\-N)01 .?ofk N vm?

sawwgw "‘w\uw‘-"K 0['1%{"% | ﬂd"‘“"‘d "f“"’w’

Lﬁ’,m-\ujer’
Gy &o_w\o_ umts T AW ,fwnﬂ aro.  tubfertes 1

QQRDGQ anfal - '\el\"{m ;Fortce,»\ ) wh'foh o €W eR0f

CAwe Gpau : o, 0
{‘a L-Qr\ *w W N

N X Qmwy W““WY B :J:“ﬁ&mm? {mmf'— :

g
H4

,quflwte @f? the




,
‘DQQLL m Mmbcm P\M‘

— Lo(q,k wwtu.jﬂf\wvh arQ an . uAeo{ er}k@fl.
won M—%%fé‘é‘& e woAwfpy  ORAUINYY e
ATVEN dfecn  avgaameny of Awe Vulnesrso

| U’“\?”“Q‘\‘f’\ W e,
= ™Me mEA N o ?LL,UUI r?w‘(u,er\ UJ\QD{ m%w g
R Ml T ‘mw o onfinomens
.\0 M,\Q : Tok@in Y\l»e/( er(b{bQ w“fﬂﬂ@{
%Lu.ﬂmven FM)  CarUobn {wme e’w .

= Jatroad m\u\o{ M&Q ‘Q.'\Lﬁ/\”t* W\mem murga/\@/&
W Q_Q_{LO\ Q&{’!M‘.f MLZ Weutturne 0 a

'W(;me ali‘\*“*buﬂ%i wiin o minfrau
L“M‘Qb%\ lﬁqohwa LA "@1 “mm StAQh,LQ ')Qoufdaoﬁ
Wi ng  alkefiaaSe . T the bo‘-)\tﬂ Tbomeﬂ

' “=f Awe. buxloL?m[}/ ' = : m]

i 'T\,\,Q MOAY  Lpommon e  Lteel fqo,l&e)k L .
Jokpy ,F?ber mmfomq P LM PATHR  Tacket
ToekOx  wWith l&\k e don m_tutfqﬂA ke Costhon ftbrte

Scanned by CamScanner




s fone ese

- e o _

T o uwoae  wonule. Londomeny - by wanveg
’gf‘f"”& / mfmfoum,n\QM B M?Qﬁm”\ fon -d“w
CraM -~ Ceurtong| Columm, - |

B T %\QRQQL;\Q &\\QOJ'L &\KQA\?K\\,\ b} ARGAAVETAR |

o
| ‘\@Nfomww\em :

= h '%\Qmﬂu\el ,YM’\UM(M &-\\'L‘Qj\ﬂﬂ\,\ \p NTWW

£ ————

| I:ur\ht’\ ‘3““‘1!"*@ AN rfort o wly,

G‘W‘:ﬁ (‘f’ w*m&*\%ﬂ ba %h
Conhesneny des co7 ek
oo W njﬂ %Qﬁf %af}\;h k&v ol

)
©
¢
=
9{
¢
.
£
e
et
%‘
3
g

B SO TG T AT -

Scanned by CamScannef



PART-C

S5.BUILDING SERVICES
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Direct System of Cold Water Supply

For efficient operation, a high pressure water supply is essential
particularly at periods of peak demand. Pipework is minimal and the
storaqge cistern supplying the hot water cylinder need only have 115
litres capacity. The cistern may be located within the airing cupboard
or be combined with the hot water cylinder. Drinking water is
available at every draw-off point and maintenance valves should be
fitted to isolate each section of pipework. With every outlet supplied
from the main. the possibility of back siphonage must be considered.

Back siphonage can occur when there is a high demand on the main.
Negative pressure can then draw water back into the main from a
submerged inlet. e.q. a rubber tube attached to a tap or a shower
fitting without a check valve facility left lying in dirty bath water.

Notes:

(1) Servicing valves to
be provided on supply pipes to
slorage and flushing cisterns.

(2) Copper tube pipe sizes
shown.

Absence of cistern and pipes
in roofl space reduces risk
of frost damage

pr Cold water
=== feed cistern

22 mm overflow pipe

\.\
22 mm

cold feed pipe

Bath Basin WC

L L&,

L

|
Hot water cylinder

S

15mm
‘ rising main

WC  Basin
p—— Sink
Combined stop and

-
Ground level drain valve

. =R '.1‘._ i:-. 1l

S YEGmm ming - _y’:'
* ------------ ﬁ“\

nt 2 £l e

—— ———— -

Mastic seal

Pipe duct 76 mm bore

Rel.: The Water Supply (Water Fittings) Regulations 1999.
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Indirect System of Cold Water Supply

The indirect system of cold water supply has only one drinking water
outlet. at the sink. The cold water storage cistern has a minimum
capacity of 230 litres, for location in the roof space. In addition to
its normal supply function. it provides an adequate emergency
storage in the event of water main failure. The system requires more
pipework than the direct system and is therefore more expensive to
install. but wniform pressure occurs at all cistern-supplied outlets.
The water authorities prefer this system as it imposes less demand
on the main. Also. with fewer fittings attached to the main. there is
less chance of back siphonage. Other advantages of lower pressure
include less noise and wear on fittings. and the opportunity to install
a balanced pressure shower from the cistern.

Notes:

(1) Servicing valves to
be provided on supply pipes to stgrg'dewc?;ie;m
storage and flushing cisterns. 9

(2) Copper tube pipe sizes /
shown. _i f '

A \
22 mm overflow pipe A
v

22 mm ] cold feed pipe
distributing pipe ' v

Bath Basin WC

LY

X \
Hol water cylinder

Y

15mm
15mm = rising main
WC  Basin
{ r Pt 3ink
”\ o Combined stop and
drain valve

P
o ,
‘ -
Mastic seal @a Pipe duct 76 mm bore

Ref.: The Water Supply (Water Fittings) Regulations 1999.
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Boosted Cold Water System - 1

For medium and high rise buildings. there is often insufficient mains
pressure to supply water directly to the upper floors. Boosting by
pump from a break tank is therefore usually necessary and several
more of these tanks may be required as the building rises. depending
on the pump capacity. A break pressure cistern is also required on
the down service to limit the head or pressure on the lower fittings
to a maximum of 30 m (approx. 300 kPa). The drinking water header
pipe or storage vessel supplies drinking water to the upper floors.
As this empties and the water reaches a predetermined low level. the
pipeline switch engages the duty pump. A float switch in the break
tank protects the pumps from dry running if there is an interruption
to mains supply. The various pipe sections are fitted with isolating
valves to facilitate maintenance and repairs.

‘ 2 Drinking water supply i
from hesder pipe

4—”— Brusk-pressure cistern ""N‘

] E:J—:—" -+t

Cold water supplies

to WCs, basing, baths
~——pH  #ndshowen i

/ A A
¢ ===
"‘—N— Drink ing water supply —’M—"
direct from main
I :x Non-return valve . n I
[Rre—Vent ™~
Incoming service pipa Broak rﬁ; Duplicated pumping set
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Boosted Cold Water System — 2

As an alternative to the drinking water header pipe. an auto-
pneumatic cylinder may be used. Compressed air in the cylinder
forces water up to the float valves and drinking water outlets on
the upper floors. As the cylinder empties a low pressure switch
engages the duty pump. When the pump has replenished the cylinder.
a high pressure switch disengages the pump. In time. some air is
absorbed by the water. As this occurs. a float switch detects the
high water level in the cylinder and activates an air compressor to
requlate the correct volume of air. Break pressure cisterns may be
supplied either from the storage cisterns at roof level or from the
rising main. A pressure reducing valve is sometimes used instead of a
break pressure cistern.

Delayed action Noat valve

-
Drinking water from Supply to WCs,
cylinder | 4= basins, bathy and
\ showers
e -
Supply to WG,
= batins, bathy and A
chowers
—pg—— -~ ———

—— !
Vent r
[E:" Praumat ¢ cylinder
=0 ;
o="=———]

Duplicated pumping st Ajr enmpressor
Overfiow with filter
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Direct System of Hot Water Supply

The hot water from the boiler mixes directly with the water in the
cylinder. If used in a 'soft” water area the boiler must be rust-
proofed. This system is not suited to “hard’ waters. typical of those
extracted from boreholes into chalk or limestone strata. When
heated the calcium precipitates to line the boiler and primary
pipework. eventually ‘furring up’ the system to render it ineffective
and dangerous. The storage cylinder and associated pipework should
be well insulated to reduce energy losses. If a towel rail is fitted,
this may be supplied from the primary flow and return pipes.

_____ i 'N’/‘ Full-way gate valve

Rising main | ,_— 22 mm cold feed pipe

Sanvicing r_— Cold water storage or feed cistem
valve
\_{ —,

22 mm vent pipe | f
Electric Immersion heater

Distance 'A’' - A—=
450 mm (min)

Direct cylinder

minimum capacity
/ 140 lires

)
Bath Basin [
el r ____
22 mm hot water
distributing plpe 28 mm primary
flow pipe
\ 16 mm 28 mm primary )
relum pipe
Y ]
Boiler with
{hermostatic
caontrol
Sink Basin !
——
Safety valve i J
X

\ Drain valve / -

Note: All pipe sizes shown are for copper outside diameter.
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Indirect System of Hot Water Supply

This system is used in ‘hard’ water areas to prevent scaling or
‘furring” of the boiler and primary pipework. Unlike the direct system,
water in the boiler and primary circuit is not drawn off through the
taps. The same water circulates continuously throughout the boiler,
primary circuit and heat exchange coil inside the storage cylinder.
Fresh water cannot gain access to the higher temperature areas
where precipitation of calcium would occur. The system is also used
in combination with central heating, with flow and return pipes to
radiators connected to the boiler. Boiler water temperature may be
set by thermostat at about 80°C.

1 Cold waler storage cistern
H
T servicing [~ #~ |Expansion and feed cistem
/ vave N L [ = —
Rising maln
Rising main
22mm
acondary cold leed ‘\
pipe
22mm
22mm ‘ primary vent
secondary vent Plpe
n pipe -
Heating coll 15mm
primary cold feed
plpe
Bath Basin
o
X r 1\
/N- 28mm
H=vent pipe helght above Drain vaive primary flow
cistern watar lina. ' pipe
H (min.) = 150 mm +40 mm Indirect cylinder or calorifier minimum
per metra of system helght h. capacity 140 litre (wall Insulated)
h=distance batween cistemn A 5 "
water line and cold feed entry 28mm primary return pipe ressura relle
to cylindar (or boller on ' ' or salely valve
primary circult).
=
Sink Basin Drain vaive

Draln valve

W /b

/
Boller with thermostatic control

*A safety valve is not normally required on indirect open vent
systems, as in the unlikely occurrence of the primary flow and vent
becoming obstructed. water expansion would b: accommodated up
the cold feed pipe.
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Indirect Hot Water System for a Three-storey Building

For larger buildings a secondary circuit will be required to reduce
‘dead-legs’ and to maintain an effective supply of hot water at all
outlets. Convection or thermo-siphonage may provide circulation. but
for a more efficient service a circulatory pump will be necessary. In
buildings which are occupied for only part of the day. e.g. schools.
offices. etc.. a time control or programmer can be used to regulate
use of the pump. Also. one of the valves near the pump should be
motorised and automatically shut off with the pump and boiler when
hot water is not required. All secondary circuits should be well
insulated to reduce heat losses through the pipework. A heating
installation can operate in conjunction with this system. but may
require duplication of boilers or separate boilers for each function.

st A

P/

L

Cold waler storage cistern Expansion and
feed cistern
L
e— Secondary circuft

Baths, basins, sinks
or shoyers v ' '
m b— | P4
*
.M_*Jjj_n. - [
k / Radiators or

Isolating valves

towel rails
Pump
- — | -
17, ..
3 2
Drain vtlw-i " g Summar\m\m

R

Sinks Calorifier
pX 4 —j

L
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Indirect Supplementary Hot Water System

Hot water provision in moderately large buildings such as spacious
houses, small hotels, hostels and other situations where demand is
periodically high, can be from a large storage cylinder or cylinders
installed in duplicate. Alternatively or additionally, depending on
requirements. a supplementary storaqge vessel may be strategically
located at high level. This vessel is relatively small, containing no
more than 20% of the total design capacity.

Expansion Cwsc
cistern Expansion pipe
— s High level hot water
S storage vessal

Gate valve -»%
Expansion Secondary flow

/ pipe /
Service valve
Cold feed ""'""'"4-/"

S Cold feed Hot water
le— Cold fee - ;
A~ , branch supplies
B =0 e
l —— e
Safely ! I
expansion . \ 1
valve )
\ PUTP Hwsc
‘\{ \ Secondary return
¥ Timed circulator and
o 2 non-return check valve
VAR
Drain valve

Bailer

Advantages over a single storage facility:

 Smaller secondary flow and return distribution pipes.
e Less concentrated dead load on the structure.
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SAN ITATION Single Stack System

The single stack system was developed by the Building Research
Establishment during the 1960s., as a means of simplifying the
extensive pipework previously associated with above ground drainage.
The concept is to group appliances aroxnd the stack with a
separate branch pipe serving each. Branch pipe lengths and falls are
constrained. Initially the system was limited to five storeys. but
applications have proved successful in high rise buildings of over 20
storeys. Branch vent pipes are not required unless the system is
modified. Lengths and falls of waste pipes are carefully selected to
prevent loss of trap water seals. Water seals on the waste traps must be
75 mm (50 mm bath and shower).

Branch pipe slope or fall: @ ﬁ Stack may be offset above
Sink and bath - ”tha highest sanitary appliance
18 to 90 mm/m S—— ,r',:'
Basin and bidet - > e’

, 4
20 to 120 mm/m WCZ;I oo ’1-?m{max]
WC - 9 mm/m.

No connection inside 3000 (max)

The stack should be 000 fuei
vertical below the

highest sanitary
appliance branch. If an
offset is unavoidable,
there should be no
connection within 750
mm of the offset.

-

Basin

Bath

32mm nom. dia. ;“
L

40mm nom. dia. Oyariow pipe

Access

The branch bath waste 100 mm nom.
connection must be at dia. stack
least 200 mm below the
centre of the WC branch

50mm nom. dia. parallel branch pipe

; . 3000 (max)
to avoid crossflow. This
may require a 50 mm ,
: . Alternative branch| }= >
nom. dia. parallel pipe to sonnaction i
in

offset the bath waste
pipe. or an 'S’ trap WC

to offset its connection. wc -
Tom—— 40mm nom. dia.

The vent part of the

stack may reduce tao Centre line radius k 450 (min)
. . 200 i mm (min
75 mm nom. dia. when it e {min) Up to threa storeys
is above the highest \
=,
branch. Rest bend
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Single Stack System — Modified

page 309).

Vent pipe outlet
800 mm (min)

above openable
window within 3 m

——

6.000 (max)

WC |

If it is impractical to satisfy all the requirements for waste pipe
branches in a standard single stack system. some modification is
permitted in order to maintain an acceptable system performance:

®* Appliances may be fitted with resealing or anti-siphon traps (see

®* Branch waste pipes can be ventilated (see pages 314 and 315).
®* Larger than standard diameter waste pipes may be fitted.

40 mm (50 mm) 50 mm tall extension
waste pipe to trap
T
3,000 (max) 175 mm
4,000 (max)
- / | 32 mm trap to
= Basin | basin (40 mm
Bath  trap to bath
and sink)
40mm_32mm

100 mm discharge
stack

wC

1-3 m max. i

it WC connacts —

direct to drain
-

pipework.

parts).

All pipe sizes nominal diameter

Note: Where larger than standard branch pipes are used. the trap
size remains as standard. Each trap is fitted with a 50 mm tail
extension before connecting to a larger waste pipe.

Refs: Building Requlations. Approved Document Hi. Section 1: Sanitary

BS EN 12056: Gravity drainage systems inside buildings (in 6
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Collar Boss Single Stack System

The collar boss system is another modification to the standard single
stack system. It was developed by the Marley company for use with
their uPVC pipe products. The collar is in effect a gallery with
purpose-made bosses for connection of waste pipes to the discharge
stack without the problem of crossflow interference. This simplifies
the bath waste connection and is less structurally disruptive.

Small diameter loop vent pipes on (or close to) the basin and sink
traps also connect to the collar. These allow the use of 'S’ traps

and vertical waste pipes
without the possibility of
siphonage, even when
the bath waste
discharges and flows into
the combined bath and
basin waste pipe.
Vertical outlets are also
likely to be less
obtrusive and less
exposed than higher
level 'P* trap waste

pipes.

If the branch waste
pipes are kept to
minimal lengths., the loop
vents may not be
required. However, the
system must be shown
to perform adequately
under test without the
loss of trap water seals.

All pipe sizes shown are
nominal inside diameter.
There may be some
slight variation between
different product
manufacturers,
particularly those using
outside diameter
specifications. Note that
there is not always
compatibility between
different manufacturers’
components.

@ | i Stack may be offset above

the highest sanitary appliance

Vent pipe carried up |/ ,-"
above the highest 100 mm discharge stack

branch connection
‘m‘m loop vent pipe

Collarboss 1! 40mm bath waste pipe
"
:: Detail of
4aomm |} collar boss
I
vertical vent pipe
required frfrp H Vent branch
multi-storey 1| =
building |= WC branch
1
il \
|: Waste pipe branch
I
!

Iy 12mm loop
Iy vent pipe

40 mm sink waste pipe
Collar boss

Dimension A 450 mm (min)
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Modified Single Stac

k System

The ventilated stack system is used in buildings where close grouping
of sanitary appliances occurs - typical of lavatories in commercial
premises. The appliances need to be sufficiently close together and

limited in number not to be individually vented.

Requirements:

WCs:

8 maximum

100 mm branch pipe
15 m maximum length

Gradient between
9 and 90 mm/m

(0 = 904°-95°).

Basins:

4 maximum

50 mm pipe

4 m maximum length

Gradient between
18 and 45 mm/m

(0 = 91°-921°).

Urinals (bowls):

5 maximum

50 mm pipe

Branch pipe as short
as possible

Gradient between
18 and 90 mm/m.

Urinals (stalls):
7 maximum
65 mm pipe

Branch pipe as for
bowls.

All pipe sizes are
nominal inside
diameter.

Terminated or carried up
to take the discharges of
sanitary appliances on
higher floors

50mm

Up to eight WCs
15:000 (max)

Q

0
Branch connections

for P trap WC pans

Discharge stack
100 mm or 150mm

50 mm pipe
above spill level of WCs

— =

i

Up to four basins

N

50 mm cross vent
as an alternative to the
connection to WC branch

pipe

Ventilated stack
75 or 100mm

Abova four wash basins

Cleaning eye

-

750mm (min)
up lo 5 storeys

!

\
Vent pipe connected to base of stack to prevent back
pressure on the ground floor appliances
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Fully Vented One-pipe System

The fully vented one-pipe system is used in buildings where there are
a large number of sanitary appliances in ranges. e.g. factories.
schools. offices and hospitals.

The trap on each appliance is a
fitted with an anti-siphon or :
. . 900 mm
vent pipe. This must be (min) Il Lis less than 3000 the
connected within 300 mm of - L stack must teminate 900 mm
\ above the window opening

the crown of the trap.

Note the above rule applies

Window opening to all syslems

Individual vent pipes combine in  Range of wash basins
a common vent for the range.
which is inclined until it meets
the vertical vent stack. This
vent stack may be carried to
outside air or it may connect 40mm
to the discharge stack at a

point above the spillover level

of the highest appliance.

Range of WCs

100mm

75 mm vent stack 150 mm discharge stack

The base of the vent stack 32mm loap vent
should be connected to the 50 mm loop vent
discharge stack close to the
bottom rest bend to relieve
any compression at this point. a

40mm f

. Cleaning eye
Size of branch and stack Easy bend

vents: _,A\
Reslt bend

Discharge pipe Vent pipe

or stack (D) (mm) (mm)

<75 0-67D
75-100 50
>100 0-50D

All pipe sizes are nominal inside diameter.
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The Two-pipe System

This system was devised to comply with the old London County
Council requirements for connection of soil (WC and urinal) and
waste (basin, bath. bidet. sink) appliances to separate stacks. For
modern systems the terms soil and waste pipes are generally
replaced by the preferred terminology. discharge pipes and discharge
stacks.

e &
There are many
examples of the
two-pipe system in
use. Although
relatively expensive
to install. it is still
permissible and may
be retained in Urinal
existing buildings

Wash basin

that are the Wash besin

subject of we -
refurbishment. m

It may also be used ]-_[F‘JLJ\ /
where the sanitary 1

Trap waler seal 75 mm deep

appliances are

widely spaced or /
100mm

remote and a soll stack

separate waste 75mm waste stack
stack is the only

viable method for Urinal
connecting these to

I Wash basin Wash basin

ld
we | i;: .
A variation typical

of 1930s dwellings
has first floor bath
and basin wastes

discharging through
the wall into a /
hopper. The waste

stack from this and
the ground floor sink waste discharge over a qully.

the drain.

100 mm drain Fiest bend or back-Inlet gully

A qully may be used as an alternative to a rest bend before the
drain.
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Ground Floor Appliances — High Rise Buildings

Lowest discharge pipe connection

Up to three storeys - 450 mm m
Up to five storeys - 750 mm min

into the common stack, as pressu
could disturb the lower appliance

can connect directly to a drain o
specifically for lower level use.

Discharga
stacks and

I\

Above five storeys. the ground floor appliances should not connect

storeys., both ground and first floor appliances should not connect
into the common stack. Ground and first floor appliances so affected

to stack:

in. from stack base (page 311).
. from stack base (page 314).

re fluctuations at the stack base
trap water seals. Above 20

r qully. or be provided with a stack

Discharge stack and
vent to appliances on
2nd floor and above

Discharge stack and
vent to lower floor

/

fitted at the end of discharge pip

the top and through access plate

— h-
— 6 —- 21
- e — 5 — — 20
Discharge pi —_— -—
PR —— 3 —— 3
A — -“
— —. g = 2
No appliances
connected at ——___| — —_—
ground floor —- /—F——0G
Drains to Ground floor Ground and first floor
inspection discharge pipes  discharge pipes to
chamber to separate stack separate stack
Five to 20 storeys Over 20 storeys

Access - required for clearing blockages. Rodding points should be
access to the full pipe length. Discharqge stacks are accessed from

a maximum spacing of three storeys apart.

es. unless trap removal provides

s located midway between floors at
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Electric Wiring — 1 ELECTRICAL SERVICES

Armoured cable is used for mains and sub-mains. The cable is laid
below ground level, breaking the surface where it enters sub-stations
or transformers and other buildings. High voltage cable is protected
below ground by precast concrete “tiles".

Copper

stranded conductar
Extruded PVC Stuel wire Extruded PVC
outsr shusth srmaur imulation

Armoured three-phase four wire cable
far laying below ground level

Conduit for electrical services is produced in steel (galvanised or
painted black) or plastic tube into which insulated cables are drawn.
The conduit protects the cable from physical damage and heat. It
also provides centinuous support and if it is metal. it may be used
as an earth conductor. Standard outside diameters are 20. 25, 32
and 40 mm. Steel is produced in either light or heavy gauge. Light
gauge is connected by grip fittings. whilst the thicker walled heavy
gauge can be screw threaded to fittings and couplings. Plastic
conduit has push-fit connections.

Brass Threaded
bolts inside for
conduit

;;; ; ;) \\ ) Te b} Elbo
a) Tee w
(Y o Steel conduit protected Inside{ ) (0)

(a) Grip coupling and outside with bitumen or zinc

qqqqqqq
o] i ] T kil o 8 i e S A -

IJ

G

v A A A A A ATV AN T WA A A
o i s s S A ™

Threaded Inside for Threaded
conduit inside for
conduit

) (c) Inspection
(b} Screwed coupling bend (d) Plain bend

Couplings for steel conduit Fittings for steel conduit

Refs: BS 6346: Electric cables. PVC insulated. armoured cables for
voltages of 600/1000 V and 1900/3300 V.
BS EN 61386: Conduit systems for cable management.
BS 7846: Electric cables. 600/1000 V armoured fire resistant
cables having thermosetting insulation and low emission of
smoke and gases when affected by fire.
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Electric Wiring — 2

Mineral insulated copper covered cable (MICC) has copper conductors
insulated with highly compressed magnesium oxide powder inside a
copper tube. When installing the cable. it is essential that the
hygroscopic insulant does not come into contact with a damp
atmosphere. Cutting the cable involves special procedures which are
used to seal the insulant from penetration of atmospheric dampness.
The cable provides an excellent earth conductor: it is also

resistant to most corrosive atmospheres and is unaffected by
extremes of heat.

Lock nut

Fibre disc

—

Insutation
sleeves
Gland body
Sige of oullel box Fibre disc sealing pot
Section of termination joint for mineral insulated Exploded view of termination joint for mineral
copper covered cable (MICC) insulated copper covered cable

PVC and rubber insulated cables are relatively inexpensive and simple
to install. requiring clipped support at reqgular intervals. PVC cables
are in general use, but they have a temperature limitation between
0°C and 70°C. Below zero they become brittle and are easily
damaged and at the higher temperature they become soft. which
could encourage the conductor to migrate through the PVC. Outside
of these temperatures. the cable must be protected or an
appropriate rubber insulant specified. Cables usually contain cne. two
or three conductors. In three-core cable the live and neutral are
insulated with brown and blue colour coding respectively. The earth
is bare and must be protected with green and yellow sleeving where
exposed at junction boxes. sockets., etc. Grey and black insulated
conductors are occasionally used where an additional facility 1s
required. e.g. two-way lighting.

Conductoe PVC or rubber shesth @ Q /@ (- :)
e Magresiu Copper &
- ranductons m

rubber
oxide powder

Buckls clip
Core arrangements of mineral insulated copper
PVC or rubber insulated cable covered cables

Refs: BS 6004 Electric cables. PVC insulated, non-armoured cables
for voltages up to and including 450/750 V. for electric
power. lighting and internal wiring.

BS 6007: Electric cables. Single core unsheathed heat resisting
cables for voltages up to and including 450/750 V. for
internal wiring.
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Testing Completed Installation — 1

Electrical installations must be tested on completion to verify that
the system will operate efficiently and safely. The tests are
extensive, as defined in the Institution of Electrical Engineers
Requlations. They can only be carried out by a competent person.
i.e. a qualified electrician or electrical engineer. The following tests
are an essential part of the proceedings:

®* Continuity.
® Insulation.
®* Polarity.

Testing is undertaken by visual inspection and the use of a multi-
purpose meter (multimeter) or an instrument specifically for recording
resistance. i.e. an ohmmeter.

Continuity - there are several types of continuity test for ring
mains. Each is to ensure integrity of the live. neutral and earth
conductors without bridging (shorting out) of connections. The
following is one established test to be applied to each conductor:

®* Record the resistance between the ends of the ring circuit (A).

®* Record the resistance between closed ends of the circuit and a
point mid-way in the circuit (B).

®* Check the resistance of the test lead (C).

® Circuit integrity is indicated by: A = 4 approx. = B - C.
One conductor
‘/m‘ﬁng circuit
v ===
. . '
Power : Test lsad
socket E/
1
\ | Crocodile clips
I
1
ol
. \I '-/ L . .\ /l . :
/ F"N_"'!
‘J ] ]
- ! - i i
. i Ohm&nutar L S’ L= ]
=] 500 - - o
‘/ment[a]
Resistance between Resistance from end Test lead
ends of circuit to mid-point resistance
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Testing Completed Installation — 2

Insulation - this test is to ensure that there is a high resistance
between live and neutral conductors and these conductors and earth.
A low resistance will result in current leakage and energy waste
which could deteriorate the insulation and be a potential fire hazard.
The test to earth requires all lamps and other equipment to be
disconnected. all switches and circuit breakers closed and fuses left
in. Ohmmeter readings should be at least 1 MQL

_\ G EC:) <+——— Lamps disconnected
Switches closed Appliances

— -~——-disconnected

TTT < O from sockets

‘='—|I II -— Consumer unit with
j E— control switch closed Chmmeter and
- " testleads

2

(=1

Insulation test

Polarity - this is to ensure that all switches and circuit breakers are
connected in the phase or live conductor. An inadvertant connection
of switchgear to a neutral conductor would lead to a very
dangerous situation where apparent isolation of equipment would still
leave it live! The test leads connect the live bar in the disconnected
consumer unit to live terminals at switches. A very low resistance
reading indicates the polarity is correct and operation of the
switches will give a fluctuation on the ohmmeter.

Switch . .

-+—— Various positions
for test leads

Consumer unit

Polarity test

Ref: BS EN 61010-1: Safety requirements for electrical equipment for
measurement. control and laboratory use.
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Electricity Supply to Groups of Large Buildings

For large developments containing several buildings, either radial or
ring distribution systems may be used.

Radial system - separate underground cables are laid from the sub-
station to each building. The system uses more cable than the ring
system. but only one fused switch is required below the distribution
boards in each building.

Intake room
Incomin / \
11 kV sup;!:lly l'f ’j-l
400/230 V 4-wire armoured cable
¥
|
Sub-station
with transformer w U
metar and
switches

Radial distribution (block plan)

Ring circuit system - an underground cable is laid from the sub-
station to loop in to each building. To isolate the supply. two fused
switches are required below the distribution boards in each building.
Current flows in both directions from the intake. to provide a better
balance than the radial system. If the cable on the ring is damaged
at any point. it can be isolated for repair without loss of supply to
any of the buildings.

Intake room
/ \ P = Phase Sub-circults
Incoming ] N = Neutral i | I
11 kV supply J /\ | switchas \
\ A.--'"-_'.
J—. 400/230 V 4-wire armoured cable M
I |
. / = —
Sub-station AL 1 P : —
with transformer | Py — 1
meter and N L
switches Fused rwitehes
Detail of equipment in the intake room for the
Ring distribution (block plan) ring distribution
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Earthing Systems - 1

Supply systems require a safety electrical earthing facility. The
manner in which this is effected will depend on whether the supply is
overhead or underground and the conductive property of the ground
surrounding the installation. Systems are classified in accordance with
a letter coding:

First letter - type of earthing:
T - at least one point of the supply is directly earthed.

| - the supply is not directly earthed, but connected to earth
through a current limiting impedance. Not acceptable for public
supplies in the UK.

Second letter - installation earthing arrangement:
T - all exposed conductive metalwork is directly earthed.

N - all exposed conductive metalwork is connected to an earth
provided by the supply company.

Third and fourth letters - earth conductor arrangement:
S - earth and neutral conductors separate.
C - earth and neutral conductors combined.

Common supply and earthing arrangements are:
TT (shown below).
TN-S and TN-C-S (shown next page).

TT system: Fuse or mch Consumer unit
Most used in rural Live bar \

areas where the supply \

o
is overhead. An earth \,_X_‘L!_X X

Neutral bar
terminal and electrode Ennhm:“\“ poy
is provided on site by I | y -pole switch

the consumer. As an |

extra safety feature, a :

residual current device | [q]"\nco
(RCD). generally known Meter — 1 B

as a trip switch, is |
located between the

i

meter and consumer :
unit. The RCD in this Earthing | nx

|

|

|

|

|

4

situation should be :-lggl;a“rakm
of the time delayed —
\\

type - see paqe 398.

2-core overhead
supply
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Earthing Systems — 2

TN-S system - this is widely used in the UK, with the electricity
supply company providing an earth terminal with the intake cable.
This is usually the metal sheathing around the cable. otherwise
known as the supply protective conductor. It connects back to the
star point at the area transformer. where it is effectively earthed.

TN-C-S system - this is as the TN-S system. but a common
conductor is used for neutral and earth supply. The supply is
therefore TN-C, but with a separated neutral and earth in the
consumer’s installation it becomes TN-C-S. This system is also known
as protective multiple earth (PME). The advantage is that a fault to
earth is also a fault to neutral. which creates a high fault current.
This will operate the overload protection (fuse or circuit breaker)
rapidly.

Fuses or mchs

\ Consumer unit
X /

XX IXX XX 28X

|- —"'_If / Earth . 1—| /
ble _
! 2-pole “2 |
I switch \l
' |
: |
: Meter —
| \\\_ Live and i
| ] neutral cable 1
I I _
| 0% Earth bond to L _ 3
| metal shealhing_ to \
L neutral connection Sealing chamber
Z;:Eggformer and | | with 100 A fuse
i Earth connection
S—0 ____ Underground to neutral link |

supply cable

TN-S system TN-C-S system

Note: Specification of installation cable between supply company’s
sealing chamber and consumer’s unit - phase/live and neutral
25 mm?2 earth 10 mm? cross-sectional area.
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Connection to Earth

Pages 380. 381 and 385 show that the consumer’s earth conductor
is connected to the neutral and earthed at the local transformer.
For below ground supplies this arrangement provides a path of low
resistance for an electrical fault. With an overhead supply typical of
rural areas. individual consumers must provide a suitable earth
terminal or electrode as shown on page 3B4.

Unless wet, the ground surface is not usually a very good conductor.
therefore ground contact is made at about 15 to 2m below the
surface. In the past this was achieved by earth bonding to metal
water and gas mains. Since the introduction of plastic pipe materials.
this is of course no longer acceptable. Current practices include
burying a metal plate or a metal tape mesh arranged over several
square metres, or driving a metal rod electrode into the ground. The
latter is normally adequate for domestic and other small-scale
installations. In some instances, the electrode is housed as shown
below. Whatever earth method used. a low resistance to an electrical
fault is essential. The IEE Wiring Requlations recommend that the
earth electrode resistance should not exceed 200 ohms.

/ 10 mm? min. earth conductor

Accessivar Steel driving cap
Y 7y */ v
/ / Waming notice
.. A __ /
% /
/ AR | PR ERTE
RIS DO NOT REMOVE
P. ; '. ‘?l., v,

1 -4——— Screwed connector

Copper or copper-faced
steel rodof 1I6mm = —————=
diameter

" Depth depending
J on electrical resistance

Installation of a housed earth electrode

Scanned with CamScanner



Earth Bonding of Services and Extraneous Metalwork

The Institution of Electrical Engineers (IEE) Wiring Regulations require
the metal sheaths and armour of all cables operating at low and
medium voltage to be cross-bonded to ensure the same potential as
the electrical installation. This includes all metal trunking and ducts
for the conveyance and support of electrical services and any other
bare earth continuity conductors and metalwork used in conjunction
with electrical appliances. The bonding of the services shall be as
close as possible to the point of entry of the services into a
building. Other fixed metalwork shall be supplementary earth bonded.

2
10 mm Ba{h wire Earth conductor

from consumer unit

—

ing cl for pi % \ E
Earthing clamp for pipes Gas meter . Earth bond

Gas service Water service  Electricity
pipe pipe service cable

~

Bonding of services at intake

Stainless steel sink,
Metal window metal taps and pipes

\ Consumer unit
Structural
— steel
L]
|
‘
» »

N 7] .
I
U
=t :

| S fefeed T2 X C bt

1
1
|
Radiator - .
10 mm?2 earthing cable Earthing bar

--—t—lﬁ-—“

Supplementary bonding of extraneous metalwork
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Light and Light Sources — 1

Light is a form of electromagnetic radiation. It is similar in nature
and behaviour to radio waves at one end of the frequency spectrum
and X-rays at the other. Light is reflected from a polished (specular)
surface at the same angle that strikes it. A matt surface reflects in
a number of directions and a semi-matt surface responds somewhere
between a polished and a matt surface.

Angle of incidence 8 = Light is reflected in all
Angle of reflection 0, directions Some light is scattered and some

light is refiected directionally

Light reflected Light reflected Light scattered and
from a polished surface from a matt surface reflected from a semi-matt
surface
Light Is scattered in all directions Light is bent or refracted when Sphere Surface area
{diffusion) passing through a surface between — 1mt
two media .
Solid angle
_— 2m
. 1 I:kl 1lux

Plastic or candela

opal glass \
Light passing through '\“{\ {ntensity of light

a diffusing screen and lux

lllumination produced from a light source perpendicular to the
surface:

E=1=xd?

m
I

illumination on surface (lux)

| = lllumination intensity from source (cd)

o
n

distance from light source to surface (m).

Source 9 d
Surface

N

lllumination produced
from a light source not
perpendicular to the surface
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Light and Light Sources — 2

Definitions and units of measurement:

® Luminous intensity - candela (cd). a measurement of the magnitude
of luminance or light reflected from a surface. i.e. cd/mZ.
® Luminous flux - lumen (lm). a measurement of the visible light

energy emitted.

® |lluminance - Lumens per square metre (Im/m?) or lux (lx). a

measure of the light falling on a surface.

* Efficacy - efficiency of lamps in lumens per watt (Im/W).
Luminous efficacy = Luminous flux output + Electrical power input.
®* Glare index - a numerical comparison ranging from about 10 for
shaded light to about 30 for an exposed lamp. Calculated by
considering the light source size. location. luminances and effect of

its surroundings.

Examples of illumination levels and limiting glare indices for different

activities:

Activity/location

llluminance (lux)

Limiting glare index

Assembly work: (general)
(fine)
Computer room
House
Laboratory
Lecture/classroom
Offices: (general)
(drawing)
Public house bar
Shops/supermarkets
Restaurant

* Varies from 50 in bedrooms to 300 in kitchen and study.

The Building Regqulations. Approved Document L2 requires that non-
domestic buildings have reasonably efficient lighting systems and

250
1000
300
50 to 300*
500
300
500
750
150
500
100

make use of daylight where appropriate.

25
22
16
n/a
16
16
19
16
22
22
22
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Ventilation Requirements

Ventilation - a means of changing the air in an enclosed space to:

®* Provide fresh air for respiration - approx. 01 to 0-2 /s per
person.

® Preserve the correct level of oxygen in the air - approx. 21%.

® Control carbon dioxide content to no more than 0:1%.
Concentrations above 2% are unacceptable as carbon dioxide is
poisonous to humans and can be fatal.

® Control moisture - relative humidity of 30% to 70% is acceptable.

®* Remove excess heat from machinery. people. lighting. etc.

®* Dispose of odours. smoke. dust and other atmospheric
contaminants.

®* Relieve stagnation and provide a sense of freshness - air
movement of 015 to O-5 m/s is adequate.

Measures for control:

Health and Safety at Work, etc. Act.

The Factories Act.

Offices. Shops and Railway Premises Act.

Building Requlations. Approved Document F - Ventilation.

BS 5925: Code of practice for ventilation principles and designing
for natural ventilation.

The statutes provide the Health and Safety Executive with authority
to ensure buildings have suitably controlled internal environments.
The Building Regqulations and the British Standard provide measures
for application.

Requirements for an acceptable amount of fresh air supply in
buildings will vary depending on the nature of occupation and
activity. As a quide. between 10 |/s of outdoor air supply per person
can be applied between the extremes of a non-smoking environment.
to an extract air rate of 36 |/s per person in a room dedicated
specifically for smokers. Converting thiz to m3/h (divide by 1000,
multiply by 3600), equates to 36 to 130 m3/h per person.

Air changes per hour or ventilation rate is the preferred criteria for
system design. This is calculated by dividing the quantity of air by
the room volume and multiplying by the occupancy.

E.g. 50 m*/h. 100 m? office for five persons: 50/100 x 5 =25 a/c per h.
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Natural Ventilation — 1

Natural ventilation is an economic means of providing air changes in
a building. It uses components integral with construction such as air
bricks and louvres. or openable windows. The sources for natural
ventilation are wind effect/pressure and stack effect/pressure.

Stack effect is an application of convected air currents. Cool air is
encouraged to enter a building at low level. Here it is warmed by
the occupancy. lighting. machinery and/or purposely located heat
emitters. A column of warm air rises within the building to discharge
through vents at high level. as shown on the following page. This
can be very effective in tall office-type buildings and shopping malls.
but has limited effect during the summer months due to warm
external temperatures. A temperature differential of at least 10 K is
needed to effect movement of air, therefore a supplementary system
of mechanical air movement should be considered for use during the
warmer seasons.

Posltive pressure zone Suction zone

—
Leeward side
Windward
slde
Wind pressure diagram for roofs with pitches
up to 30°
Posllive pressure zone Suction zone
-~
> Leeward side
Windward slde

Wind pressure diagram for roofs with pitches
above 30°

Positive pressure
zZone

4 Suclion zone

\

s Leeward side
Windward side W __—"

Wind pressure diagram for flat roofs

4 AandB are the
- "1 ----- f ';:::5  helights al the cool
and warm alr
A B slacks respectively

'S.

Stack pressure causing cross ventilation
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Natural Ventilation — 2

The rates of air chanqge are determined by the building purpose and
occupancy. and local interpretation of public health legislation. Public
buildings usually require a ventilation rate of 30 m? per person

per hour.

Wind passing the walls of a building creates a slight vacuum. With
provision of controlled openings this can be used to draw air from
a room to effect air changes. In tall buildings. during the winter
months, the cool more dense outside air will tend to displace the
warmer lighter inside air through windows or louvres on the upper
floors. This is known as stack effect. It must be requlated otherwise
it can produce draughts at low levels and excessive warmth on the
upper floors.

Ventilation and heating for an assembly hall or similar building may
be achieved by admitting cool external air through low level convectors.
The warmed air rises to high level extract ducts. The cool air intake

Is requlated through dampers integral with the convectors.

i Alr forced In
' _""‘JL Warm alr passing out

] ] - of windows Wind causing ventilation through windows

I

- ]

Central core contalning E “:E\
slalrcases and lifis
Increase In
E alr lemperature
Ducm:zrk " t'_\,“, ¢ Hool'space
J
Cold alr entering ( TC 1

. = Y Y 1Y 1Y

Stack pressure in a tall building
\ f \ £
ql |o o ol §
Pyt G OO I I U W AT R I T DA N £ 2

Y
Alr Inlet at rear of heater Healer

T T O T T T T TR

Ventilation for an assembly hall by passing fresh
air through heat emitters
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Natural Ventilation — Passive Stack Ventilation (PSV)

PSV consists of vertical or near vertical ducts of 100 to 150 mm
diameter, extending from grilles set at ceiling level to terminals
above the ridge of a roof. Systems can be applied to kitchens.
bathrooms. utility rooms and sometimes sanitary accommodation. in
buildings up to four storeys requiring up to three stacks/ducts. More
complex situations are better ventilated by a Mechanical Assisted
Ventilation System (MAVS). see next page.

PSV is energy efficient and environmentally friendly with no running
costs. It works by combining stack effect with air movement and
wind passing over the roof. It is self-requlating. responding to a
temperature differential when internal and external temperatures
vary.

Stale air discharged through
terminals at ridge height
b"‘* I B
Roof space 100 to 150 mm ducts as
\ near verlical as possible
1L )
—
Bathroom Fresh air
] through trickle
vents
| _ /

[N

Kitchen

PSV to a dwelling house

Ref.: Building Requlations. Approved Document F1.
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Mechanically Assisted Ventilation Systems (MAVS)

MAVS may be applied to dwellings and commercial premises where
PSV is considered inadequate or impractical. This may be because
the number of individual ducts would be excessive, i.e. too space
consuming and obtrusive with several roof terminals. A low powered
(40 W) silent running fan is normally located within the roof structure.
It runs continuously and may be boosted by manual control when the
level of cooking or bathing activity increases. Humidity sensors can
also be used to automatically increase air flow.

MAVS are acceptable to Approved Document F1 of the Building
Requlations as an alternative to the use of mechanical fans in each
room. However, both PSV and MAVS are subject to the spread of
fire requlations (Approved Document B). Ducting passing through a
fire resistant wall, floor or ceiling must be fire protected with fire
resistant materials and be fitted with a fusible link automatic
damper.

Low powered
continuously running
extract fan

///_. Single ridge outlet

\ k Extract ductin
—

i — | Air inlet
i
| ' ‘ I -
o Y e
(..‘.. ‘ f\ ol
Kllk B Fire damper
located at
= ==t Ti— junction with
- | | -1" e | 7 compartment
) \ ( / boundaries
e K K B
B = Bathroom K = Kitchen

MAVS in a group of flats
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Mechanical Ventilation with Heat Recovery (MVHR)

MVHR is a development of MAVS to include enerqy recovery from
the warmth in fan extracted moist air from bathrooms and kitchens.
The heat recovery unit contains an extract fan for the stale air. a
fresh air supply fan and a heat exchanger. This provides a balanced
continuous ventilation system. obviating the need for ventilation
openings such as trickle ventilators. Apart from natural leakage
through the building and air movement from people opening and
closing external doors. the building is sealed to maximise enerqy
efficiency. Up to 70% of the heat enerqy in stale air can be
recovered, but this system is not an alternative to central heating.
A space heating system is required and MVHR can be expected to
contribute significantly to its economic use. MVHR complies with the
‘alternative approaches” to ventilation of dwellings. as defined in
Approved Document F1 to the Building Regulations.

Stale air
Central heat exchange oullet duct
energy recovery unit
Q_ Cold alr intake
Warm air duct Intake fan and filter
/
2 a B°
S p
N
[ el
‘C} \ Extract fan
J \_
>
i} g D 4 ¢
7711 WA 771\ s
N - P
Moist stale air
extract duct

Extract grille and filter

Warm alr outlet from bathroom/kitchen
grille and filter

Schematic of an MVHR system of ventilation
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Mechanical Ventilation — 1

Mechanical ventilation systems are frequently applied to commercial
buildings. workshops. factories, etc.. where the air change
requirements are defined for health and welfare provision. There are
three categories of system:

1. Natural inlet and mechanical extract
2. Mechanical inlet and natural extract
3. Mechanical inlet and mechanical extract

The capital cost of installing mechanical systems is greater than
natural systems of air movement, but whether using one or more
fans, system design provides for more reliable air change and air
movement. Some noise will be apparent from the fan and air
turbulence in ducting. This can be reduced by fitting sound
attenuators and splitters as shown on page 174. Page 180 provides
quidance on acceptable noise levels.

Internal sanitary accommodation must be provided with a shunt duct
to prevent smoke or smells passing between rooms. In public

buildings. duplicated fans with automatic changeover are also
required in event of failure of the duty fan.

n_ N .

I = Molor
Moator R s.o}e—Fan base
et —— Hanger
Ladies Genlts fridor
hunt
A el :\.--‘t\.v-- : s . Air inlet
el Service ['_}l
duct Alr Intet
& grille NP PN N S BN PO W S HE

Internal sanitary accommodation

Basement car parks require at
least 6 air changes per hour
and at exits and ramps where
queuing occurs. local ventilation
of at least 10 air changes per
hour. Duplicate fans should be
provided with a fan failure

automatic change over. =
Basement car park

Large duct over whole of celling area
o extract 2/3 of tolal volume of air

Small duct around walls to extract 1/3 of
total volume of air
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Mechanical Ventilation - 2

Fan assisted ventilation systems supplying external air to habitable
rooms must have a facility to pre-heat the air. They must also have
control over the amount of air extracted. otherwise there will be
excessive heat loss. A mechanical inlet and mechanical extract
system can be used to requlate and balance supply and emission of
air by designing the duct size and fan rating specifically for the
situation.

Air may be extracted through specially made light fittings. These
permit the heat enhanced air to be recirculated back to the heating
unit. This not only provides a simple form of enerqgy recovery. but
also improves the light output by about 10%. With any form of
recirculated air ventilation system., the ratio of fresh to recirculated
air should be at least 1:3. i.e. min. 25% fresh, max. 75% recirculated.

In large buildings where smoking is not permitted. such as a theatre,
a downward air distribution system may be used. This provides a
uniform supply of warm filtered air.

Ductwork in all systems should be insulated to prevent heat losses
from processed air and to prevent surface condensation.

Recirculaling duct Extract

O D O L PO N U U PO Rl O |

P> y
P .f.
Alr ? 7
exiract [ %
Z “
vem Heating coll ? Do and up B
p o
4 Celling diffuser :
Fresh alr El—-’-—' Fitter i 9 ventilatad alr distribution g
inlet f Fan z light fitting 7
: « 0
Mechanical inlet and natural extract Mechanical inlet and mechanical extract for an

open plan office or supermarket

N

Heating unit

E"”““,r&'g Iniet W;. Stage i:tract 9
NN NA

Downward alr distribution

Mechanical inlet and mechanical extract for
a theatre
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Ventilation System Heating Load

When designing ventilation systems. provision must be made for

the displacement of heat energy resulting from the movement of air.
This is necessary for maintenance of the building or room ambient
temperature. Also. to prevent cold draughts and condensation.

Cold supply air is pre-heated to discharqe at the same temperature
as the design air temperature for the room served. This will have
no real effect on any separate heating system and can be requlated
independently by a control thermostat. The following formula can be
used to establish the ducted air heater rating in kW, relative to
design temperature parameters:

Heater rating = m XShc X Temp. diff. (int. - ext.)

Where:
m = mass air flow rate (kqg/s)
Shc = Specific heat capacity of air (-0 kJ/kg K)
Temp. diff. = Temperature differential between internal room

air and external supply air (K)

Air flow rate by volume (Q) is calculated in m3/s. To convert this to
mass air flow rate in kg/s. the volume rate is multiplied by air
density (P) of 12 kg/m3.

Therefore:
Heater rating = Q X P X Shc X Temp. diff. (int. - ext.)

For example. a room with total fabric and infiltration heat losses of
3 kW (see method of calculation on page 125). with air supply and
temperature design factors as given below:

‘% /Fan (0.4 m¥s)

]

H —_—

]

' - Heater rating = 0-4 x12 x1-0 X (22 - -4)
I = \ = 1248 kW

% Heater coil

Air duct heater calculation

Therefore if the ducted air is required to supply all heating needs.
then 12-48 kW is added to the room losses of 3 kW. bringing the
total heat input to 15-48 kW. If the ducted air system is to provide
for the design room heat loss of 3 kW. the discharge air
temperature (T) can be found by rewriting the formula:

Room heat losses = Q X p X Shc X (T -int. air temp.)

Or: T = [Room heat losses +(Q x pXShc)] + 22
T =[3=(0-4%x12x10))]+22 = 28-25°C
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Roping Systems for Electric Lifts — 1

High tensile steel ropes are used to suspend lift cars. They have a
design factor of safety of 10 and are usually at least four in
number. Ropes travel over grooved driving or traction sheaves and
pulleys. A counterweight balances the load on the electric motor and
traction gear.

Methods for roping vary:

Single wrap 1:1 - the most economical and efficient of roping systems
but is limited in use to small capacity cars.

Single wrap 1:1 with diverter pulley - required for larger capacity
cars. It diverts the counterweight away from the car. To prevent
rope slip. the sheave and pulley may be double wrapped.

Single wrap 2:1 - an alternative for use with larger cars. This system
doubles the load carrying capacity of the machinery but requires
more rope and also reduces the car speed by 50%.

Double wrap - used to improve traction between the counterweight.
driving sheave and steel ropes.

@4——— Tractlon sheave Sre ® e Tractlon sheave
Slab Slab \
Y ETTTTTITEITTTTLTID CTTITIFTIIITTIIS]
Car
Ll 1 Divarter puliay
Steel rope /
Counterweight Counterweight
Car
Single wrap 1:1 roped Single wrap 1:1 roped with diverter pulley
Double wrap, @ y——— Traction sheave
Hitch @ _o— Traction sheave Hitch Hiteh
Sib N _o—Hitch Slab ;5
’_77”77.777?7”1/4 . 15777777777777& IS
_— 2 Lo Pui
-~ Pullay = Wrapping ja—— Pulley
Steel rope Steel rope pulley
Pull Car Pull
Counterweight Counterweight

Single wrap 2: 1 roped Double wrap 2: 1 roped (for high speed and medium to

heavy duty loads)
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Roping Systems for Electric Lifts — 2

Single wrap 3:1 - used for heavy goods lifts where it is necessary
to reduce the force acting upon the machinery bearings and
counterweight. The load carrying capacity is increased by up to
three times that of uniform ratio. but the capital costs are higher
with increased pulleys and greater lenqth of rope. By comparison.
the car speed is also reduced to one-third.

Drum drive - a system with one set of ropes wound clockwise
around the drum and another set anti-clockwise. It is equally
balanced. as one set unwinds the other winds. The disadvantage of
the drum drive is that as height increases. the drum becomes less
controllable. limiting its appkcation to rises of about 30 m.

Compensating rope and pulley - used in tall buildings where the
weight of the ropes in suspension will cause an imbalance on the
driving gear and also a possible bouncing effect on the car. The
compensating ropes attach to the underside of car and
counterweight to pass around a large compensating pulley at low
level.

Double wrap «—— Traction sheave Pulley @ «——Pulley
Slab
T T I Il T T I I I P I T m’ FTA TS CTECEL FETTTTETTTET TS
Car -
—. Counterwelghl / [ ] Car
Traction L] /
sheave -~
Walghted compensating e
Compensation puliay Pubay
rope Counterwelght
Double wrap 1: 1 roped with compensating rope Single wrap 3:1 roping
Clamp m—TT' Clamp m
Drum Pulleys——of o .
il - o e Slab Floor
TG TT T CTETE T TTA T TTTTTTTTTS T HETTTTT VEETL TTT CEETE CTTTEETTITES
J, Traction b

Counlterwelght sy sheave \ Counterwelght
N ~e T

Single wrap 1:1 roped with machine room bele v roaf
Drum drive level. The length of rope is increased which limits the
travel and speed of car
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Single Automatic Lift Control

The single automatic push button system is the simplest and least
sophisticated of controls. The lift car can be called and used by only
one person or group of people at a time. When the lift car is called
to a floor. the signal lights engraved ‘in use’ are illuminated on
every floor. The car will not respond to any subsequent landing
calls. nor will these calls be recorded and stored. The car is under
complete control of the occupants until they reach the required
floor and have departed the lift. The ‘in use’ indicator is now
switched off and the car is available to respond to the next landing
call. Although the control system is simple and inexpensive by
comparison with other systems. it has its limitations for user
convenience. It is most suited to light traffic conditions in low rise
buildings such as nursing homes. small hospitals and flats.

A
'In use' lights
switched on "‘“‘""%f.
LY

——=u Car
. unoccupled
In use' lights -ﬁ:- Car priss
' 9 -H- respondin
Muminated — to Immlg
'E& Lift car called to a fioor. ‘In use’ lights swilched on
Car occupled
rrrrrrersoer——— and maving
elther up
or down
'ﬁ ‘In use' lights ﬁ
switched off
mﬁ
m
Lift car in control of occupant and cannot be The car will now
called by other passengers respond lo an "

Intending passenger

Car Car stalionary
and
unoccupled

Lift car vacated. 'In use' lights switched off.
Lift can now be called by other passengers

Ref. BS 5655-7: Lifts and service lifts. Specification for manual
control devices. indicators and additional fittings.
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Down Collective Lift Control

Down collective - stores calls made by passengers in the car and
those made from the landings. As the car descends. landing calls are
answered in floor sequence to optimise car movement. If the car is
moving upwards. the lift responds to calls made inside the car in
floor sequence. After satisfying the highest registered call. the car
automatically descends to answer all the landing calls in floor
sequence. Ony one call button is provided at landings. This system is
most suited to flats and small hotels. where the traffic is mainly

g
3™ Floor

@
f

2" Ejoor

Car stationary E 4
\H ‘

1" floor

Ground floor

Passenger enters
the car and prass buttons
to travel upwards

3™ Floar

Ground floor

When the car moves
down all landing calls
are collected floor by floor

Car moving Q
upward to

above 2™ floor \

While travelling
upwards all the
landing calls are by-passed

Passengers |eave

the car

between the entrance
lobby and specific floors.

Full or directional
collective - a variation in
which car and landing
calls are immediately
stored in any number.
Upward and downward
intermediate landing calls
are reqgistered from one
of two directional
buttons. The uppermost
and lowest floors only
require one button. The
lift responds to calls in
floor order independent of
call sequence. first in one
direction and then the
other. It has greater
flexibility than the down
collective system and is
appropriate for offices
and departmental stores
where there s more
movement between
intermediate floors.
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Paternoster Lifts

A paternoster consists of a series of open fronted two-person cars
suspended from hoisting chains. Chains run over sprocket wheels at
the top and bottom of the lift shaft. The lift is continuously moving
and provides for both upward and downward transportation of
people in one shaft. Passenqers enter or leave the car while it is
moving. therefore waiting time is minimal. Passengers will have to be
fairly agile. which limits this type of installation to factories. offices.
universities, etc. It 15 not

suitable in buildings that

accommodate the infirm or Sprockst whesls driven by
elderly! When a car reaches an electric
motor Hinged

its limit of travel in one . ond
direction, it moves across to
the adjacent set of hoisting

\_

. . Two-person
cthns to engage \:vlth car Holsing | ,.-}-——opencfartrmted
quides and travel in the chain | :
other direction. In the : | Bﬁ.‘\
interests of safety. car Direction of | | 1 1] <]y Hngedtread

car travel
speed must not exceed | 1| T~
0-4 m/s o S
' ! Vi
| :E |
|
] | | Direction of
Topotéam |
fxedto chains | | | | cartravel
al opposita | | I
comners (cars | | 1
always remain I I |
In an upright
Car Bearing Car position) | +> |
sing = : "%Us] descending | \> : :
3 |
o Gulde I 1
s -—I—)-I - g | I h\
ol L ! ) Tensloned | ( | | Holsting
) sprocket | I
Car : brrerr) z whesls I I | | chan
moving | s ' Sprockel wheel
actoss and chain
Bearing
Plan of lift at top changeover View of installation

Paternosters convey about 600 persons per hour. This type of lift
has the advantage of allowing passengers to begin their journeys
undelayed. regardless of travel direction. Simplicity of control gear
adds to the advantages. resulting in fewer breakdown: by eliminating
normal processes of stopping. starting. accelerating and decelerating.
They are most suited to medium-rise buildings.
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OQil-hydraulic Lifting Arrangements

Direct acting - the simplest and most effective method. but it
requires a borehole below the pit to accommodate the hydraulic ram.
The ram may be one piece or telescopic. In the absence of a
counterweight. the shaft width is minimised. This will save
considerably on construction costs and leave more space for

general use.

Side acting - the ram is connected to the side of the car. For large
capacity cars and heavy goods lifts, two rams may be required. one
each side of the car. A borehole is not necessary. but due to the
cantilever design and eccentric loading of a single ram arrangement,
there are limitations on car size and load capacity.

Direct side acting - the car is cantilevered and suspended by a steel
rope. As with side acting. limitations of cantilever designs restrict
car size and payload. Car speed may be increased.

Indirect side acting - the car is centrally suspended by a steep rope
and the hydraulic system is inverted.

/
/ _
LT L o
V. '-1
Pit
! 1L\
Cylinder Cylinder Hitch Pulleys ) }+-Puliey
“J
| | LN
Pit R Car
Direct acting Side acting am
Rope
o L\ Hitch
Ram
Car
Cylinder
-
Steel o
Cyiinder | | L~ pe
il
Pulley Hilch
e o 0l
Direct side acting Indirect side acling
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Oil-hydraulic Lifting Arrangements

Direct acting - the simplest and most effective method. but it
requires a borehole below the pit to accommodate the hydraulic ram.
The ram may be one piece or telescopic. In the absence of a
counterweight. the shaft width is minimised. This will save
considerably on construction costs and leave more space for

general use.

Side acting - the ram is connected to the side of the car. For larqge
capacity cars and heavy goods lifts, two rams may be required. one
each side of the car. A borehole is not necessary. but due to the
cantilever design and eccentric loading of a single ram arrangement.
there are limitations on car size and load capacity.

Direct side acting - the car is cantilevered and suspended by a steel
rope. As with side acting. limitations of cantilever designs restrict
car size and payload. Car speed may be increased.

Indirect side acting - the car is centrally suspended by a steep rope
and the hydraulic system is inverted.

=
Car
- Ram
5
1 Ram
s T
Pit
Cylinder :;Imde, Hitch Pulleys O Y=rulley
| | TSI T4
Pit Car
Direct acting Side acting Fam
Hope
l ol \_Hilch
Ram
Car
Cylinder
.
Steel
Cylinder - ope
‘,v"
Pulley Hitch
- *—- =
Direct side acting Indirect side acting
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Details of Qil-hydraulic Lift Installation

Originally. hydraulic lifts
used mains water supply as
the operating medium. The
main was pressurised from a
central pumping station to
service lift installations in
several buildings. The oil-
hydraulic system has oil
pressure fed by a pump into
a cylinder to raise the ram
and lift car. Each it has
its own pumping unit and
controller. These units are
usually sited at or near to
the lowest level served, no
more than 10 m from the
shaft. The lift is ideal in
lower rise buildings where
moderate speed and smooth
acceleration is preferred.
Car speed ranges from 0O-1
to 1 m/s and the maximum
travel is limited to about
21 m. The lift is particularly
suitable for goods lifts and
for hospitals and old
people’s homes. Most
hydraulic lifts carry the
load directly to the ground.
therefore as the shaft does
not bear the loads.
construction is less
expensive than for a
comparable electric lift
installation.

installing hydraulic lifts.

i
Landing door : 2
B Smoke vent
\ ] (0.1 m? unrestricled area)
' .
?; Shaft (one
r‘- hour fre resistance
i minimumy)
Precision ram E Door Oll tank
.4
: 4
F ]
N g
|
Packing gland % pi * /
% /
A= ;
Steel cylinder——s revmor T g amee
v Pum)
Concrete A Controller p
surround 150 m /
thick
Vertical section
Machine room Door Controlier
(
Car door

Landing

Plan

BS 5655-10-2 provides specific quidance for the testing and
examination of hydraulic lifts.
See also BS EN 81-2 for safety rules applied to constructing and

=1 rﬁ;._:_:._,____._ iy "{
—

Lifting beam

Landing door

/
/
/
7
?
¢
7
/
’
/
/

o

’ Motor
/I'/I/I/ﬂ.l/l"/l/l/ﬁff
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Qil-hydraulic Lift Pumping Unit and Packing Gland

Upward movement - the oil pressure must be gradually increased.
The up solenoid valve is energised by an electric current and opens
to allow oil to enter above piston D. As the area of piston D is
greater than valve C. the oil pressure closes the valve and allows
high pressure oil to flow to the cylinder and lift the ram and

the car.

Downward movement - the oil pressure must be gradually decreased.
The lowering solenoid valve is energised by an electric current and
opens allowing oil to flow back to the tank through the by-pass. As
the area of piston A is greater than valve B, the reduced oil
pressure behind the piston allows valve B to open. Qil flows into the
tank and the car moves downwards.

A special packing gland with several seals is required between the
cylinder and ram.

— e e e e — — — —
— — — — — — — —
— — — — — m— e e —
_— e — e — —e— —
—— — — e — — — —

— — — — e | S — S— —

Up solenold e
+ valve ¢

Lowering
solenald
valve

Precision ram

Oll to cylinder and ram

Qil tank, pump and controls

Cylinder T e

casing
> ‘ ol pipe

Delalil of packing gland
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Escalators

Escalators are moving stairs used to convey people between floor
levels. They are usually arranged in pairs for opposing directional
travel to transport up to 12000 persons per hour between them.

The maximum carrying capacity depends on the step width and
conveyor speed. Standard steps widths are 600. 800 and 1000 mm.
with speeds of 0-5 and 0-65 m/s. Control gear is less complex than
that required for lifts as the motor runs continuously with less load
variations. In high rise buildings space for an escalator is unjustified
for the full height and the high speed of modern lifts provides for a
better service.

To prevent the exposed openings facilitating fire spread, a water
sprinkler installation (see Part 12) can be used to automatically
produce a curtain of water over the well. An alternative is a
fireproof shutter actuated from a smoke detector or fusible links.

Balustrads Upper floor
L level
s _
./ . —
. 2.300
~ vy , Sleps
Hand Rise B
rall eam E
Lower floor level
- — T T T I IR 2T T n/" Y
Beam - ; P 1.000 Sprinklers / Y
Z] ) v
l 2.00 - 5.000 -_i| Fireprod! construction = ﬁ
# = 30" or 35° )
Elevation Water curtain
Steel shutter
okl etk
Comb Hand rall Comb Smoke delector
~ My pd
— |
‘ “ ’J“’.ﬂ‘#" il il el il el il el el
j = iz 1 Vrrrrrriss
Sl -
Plan w Fireproof sliding shutter
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Escalator Arrangements and Capacity

Escalator configurations vary depending on the required level of
service. The one-directional single bank avoids interruption of traffic.
but occupies more floor space than other arrangements.

A criss-cross or cross-over arrangement is used for moving traffic in
both directions.

A A A A A R A A R T ——

{a) Single bank-traffic in one direction

P A A

L

(b) Crisscross .
Direction up and down
'l’ll’h’ll’l’l’

'-""”"

A A A A A A A

{c) Parallel

Direction up or down
S TSNSy

TN

AT TS EEESSSEyy A AT A S

Escalator arrangements

Escalator capacity formula to estimate the number of persons (N)
moved per hour:

_ 3600 X P X V X cosine 0
L

where: P = number of persons per step

N

V = speed of travel (m/s)
0 = angle of incline
L = length of each step (m).

E.g. an escalator inclined at 35° operating with one person per
400 mm step at 065 m/s.

- 3600 x1x 0-65 x 0-8192
0-4

N = 4792 persons per hour
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Travelators

Travelators - also known as autowalks. passenger conveyors and
moving pavements. They provide horizontal conveyance for people.
prams, luggage trolleys, wheelchairs and small vehicles for distances
up to about 300 metres. Slight inclines of up to 12° are also
possible. with some as great as 1B°. but these steeper pitches are
not recommended for use with wheeled transport.

Applications range from retail. commercial and store environments to
exhibition centres, railway and airport terminals. Speeds range
between 0-6 and 1-3 m/s. any faster would prove difficult for entry
and exit. When added to walking pace. the overall speed is about
2:5 m/s.

There have been a number of experiments with different materials for
the conveyor surface. These have ranged from elastics. rubbers.
composites, interlaced steel plates and trellised steel. The latter two
have been the most successful in deviating from a straight line, but
research continues, particularly into possibilities for variable speed
lanes of up to 5 m/s. However. there could be a danger if bunching
were to occur at the exit point.

Upto 300 m

Floor recess 6 m min.

for drive motor radius Intermediate

and rollers support rollers
at 20 m max.
intervals

Capacity 6500 to 10 800 persons per hour
Typical inclined travelator
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PART-D

6.Construction and earth moving equipments
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PART-D

6.Construction and Earth moving equipments

Construction equipments are one of the very 1mpmtant resource of mcdern-da}' construction,
—espaually in infrastructure projects.
In such projects equipments are used for most of t]:e works including earth moving operation,
aggregate production, concrete production and its placement ete. In fact, we cannot think of
any major construction activily without the involvement of construction equipment.
There are types of construction equipments suitable for different activities in a construction
project.
The selection of construction cqu:rmcnt deﬁnes the cnnstrucr.mn mel;hocl which i m a way leads
to the determination of time and cost for the ]Jroﬁect -
For selecting the right equipment to perform a specific task at the least cost, it is essential to
know the features.of & construction equipment including its rate of production and the associated
* cost to operate the equipment. A )
While dealing with the construction stage, seleclwn c:-f the mu::.t smtab]e eqmpment is a vm.
typical problem which is generally faced by the construction engineers or contractors.
A contractor may not afford to have all types or sizes of equipment which are required for
exccution of the projects.
Choice is made ufter considering many- factors like naturc of the project, -cost of equipment,
depreciation, possibility of its future uses on other projects, its resale value after certain period,
the saving expected from the use of such equipments ete. -

Construction equipménts can be classified into many ways. -
1.

Basis of function of equipment — for example, material loading function, material — transporting
fur*ctinn ete. _ :
On the basis of functions nqu1pment.s can be grouped mta .

(a) l"owel Umtq

(_b) ane mnovers

{c) Tractors

-{_d} Material-Hardelling cyuipment

(e) Material-processing equipment
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2. Basis of Operation of equipment: - — -

(a) Eqmpments used for moving. and loosening the materials found in their matural state eg-
pumps, excavalors, earth moving, trenchers, compressors etc. -

'(bJ Eqmpment.s used fur processing the materials, for example aggregate, concrete and asphalt
" production.

(¢) Equipments used for h'ansportin'g the processed malerials
(d) Equipments used for placing finish materials.
3. Basis of purpose of equipment
(a) General Purpose Earthwork equipment, Hoisting, Concretmg

(l.a) Specml equipments : Piling rig, coffer dams, tunnei boring machme catssons equipments
ete. . i

s Tor speedy and economic construction of a projerl proper choice of equipment is of primary
lmportance

o . The problem of proper selection is further complmated because of the wide range of equipment
commercially available. '

+ Following factors must .be. cuns:dmed before hawng a final choice

1. Use nf-Exlstmg Equipment

"« When the full utilization of new equipment for the future projects is uncertain, it may be
desirable to use existing ‘old- equipment even if its operation is someivhat more expensive. -

o Depreciation cost of the new machine is likely 1o be high,- and this would raise the owning cost
of the equipment and hence the unit cost of work.

2. Availability of the Equipment

" s 'lhe equipment which is easily available in the market should be sclected for the purpose
because any delay in delivery may increase the construction cost, repairing of such equipments
will also be done easily.

3. Use of Standard Equipment 3 =

.

s Standard equipment is commonly manufactured in large numbers and hence these are readily
' available and moderately pnccd

« Spare parts of standard equipment are easily available und are less costly.

o After the work is over, Selling of{ standard equipment and its spare parts is generally easier
than in comparison to non-standard or Specmhzed equ:pmcnt

4 Country of Origin

» It is-always suggestable to buy equipment from own country because this will decrease the
repair cost and downtime cost and at the same time it will boost up nation's economy.

» For imported equipment, it is nprefeyable.to import from_a soft curfency rather from.a’ hﬂl'd
currency country, to save fore:gn “CUrTéncy’ reserves, '
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5. Suitability for Future Use ; ‘
- If a machine is required only_for some palt of its use full llfe then ways to disposed off or 1ts
deployment on some other site should be considered. - -

. Obsqlesce:_l_ce of t_ho machine should not be overlooked.

6. Suitability for Site Conditions

" The equipment chosen should suit the cnnd1t1ons of the Job soil, va]ley, working mndluons and
climate of the region.

7. Size of Equlpment

» Larger equipment give higher outputs on full load, but 1t&cus!. of prod"' tlcm is usual]v greater
. than that of smallm units working on partial load.

-« TFor larger equlpment transportation to site is generally dlfﬁcu]t and costly in compauson to
" smaller eqmpment W e

o Sorvicing, maintenance and repair faC]lltiE.‘S have to be greater for ]arge1 umts However, largm
machines are usually more suitable for bough w orkmg ‘conditions.

« Standby cost of larger size equipment is more than, that of smaller equipment.

8.-" Versatility

VI p0¢:=;ﬂ‘]£' the machine selected should be dble t.o do more than one functmn.and should be
inter convertible. where ever poqs:ble

~a

9, Suitability of Local_Labour

¢ The locally available. operators and technicians should be-able to handle the selected equipment.

. Special equipment may have E'{cellent performance but may be difficult to get repaired durmg
~ break down.

o Cost of puechsmn nf an eqmpmcnt is ca]led cost of ow ning to Wthh can be added the cost of
fuel for running the equipment.

« ltis the amount by which an equipment should be hired. It is generally estimated on hourly
basis.

e 1t should te noted that this does not include the operators cost.
‘Following factors should affect the cost of owning and operating

(a) luitial cost of equipment, which includes equlpment cost, trauspmtatmn ceSt ]oadmg and
unloading charges and installation cost.

“(b) Severity of service condition under which it-is used.
(¢} Number of hours used in a year.

(d) Quality of Maintepance and repair.

() Demand of equipment at the end of service life.

{9 Service tiferofequipment: o . T

T
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» Following cost constitutes the cost of owning and operating. —_
| (1) Depreciatiﬁn cost _ i ' . , -
(ii) Maintenance & Repair cost T '
(ili) Investment cost
(iv) Fuel or energy consumption cost
(v) Lubricating oil cost |
Note: Annual maintenance and repair cost = 50 to 100% of unnual depreciation but 1m7. is o foir value.

Intial value-Salvage value

Annual depreciation =

Useful life of equipment

« A construction eqmpment has two types of life.

(a) "Physical life : The potential service life or time permd of an eqmpment before which it
physically becomes unable to produce a good or servme

"(b) Economic life : It is defined as the time period over whlch an equipment is expected to
be use able, with normal repairs and mamtenance, for the purpose it is hired.

+ A machine can be used for long period (till the end of. physical life) through expensive repair
and maintenance cost, may have small economlc hf{: i.€. during which it gives maximum profit...
* and lowest aperating cost. -

__-_._.-.-—_._.-__..__..__—--__.-__......,..,.__.___.._..._..._______________-__—-

Nole: Economic Ilfe may also be defined as the perlod af replucemgn‘r of an equipment that maximises the profit from
the equipment or minimizes-the cumulatively hourly owning and operating cost,
Generally the economic life of ‘an equipment is given in terms of years and working hours.

.____...-..__________...__.__.___-___._-_-_-_‘_u-u_.__r-_____._...__.—_-";-_‘.-";‘-'_";“.L'_‘.._'__

» When should the equipment be replaced?

« If the equipment is replaced too early, he will experience capital loss. and if too late, the
equipment might have passed its period of economic operation.

+ The owner must consider all costs related to the ownership and operation of the equipment,
and Lhe effect which the continued use will have on these costs. - '

Thc_coéts to-be considered -are:

1. Investment Costs

»" It is the fixed cost which is incurred at the time of purchasing equipment but it also mcluda.s
some other parameters inclusive which definition get modified as :

Investment cost comprises fixed cost which is incurred at the time of purchasing equipment,
inlerest on the money invested in huymg the equ:pmpnt taxes per l.almng to the ow'jemhap
of the equipment, insurance and storage.

* —

* Money spent in the purchase of equipment, lfmvestcd in a bank would bring a return in terms
of interest

* Opportunity of earning this interest is lost due to purchase of the equipment, and so the
recovery of this amount should be made on the machine's amount.

) ," " _Gr_nerdlly a combined investment cost including interest, taxes, insurance and storage is taken
““abZabout ¥ to 12% per year of the value of the’ equipment at the bemnnmg of year.’
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Average annual cost r_-f the equlprncnt is found nut in fo]lowmg ways Gl

‘Case -I. When there is no salvage value of the cquipment

) P. . .
P, =—0 = P

2 2n,.

where,
P= Total initial cost

"~ P,, = Average value

= life’in years

an;_ :

-

Book Value - I

[
H
13 ]
Y Fa ¢ g
- g
v

0. A..087 3 en
life § m years wﬂ:h no salv:lge valug —+
Value of egulpment by year

-

Case -II. When there 1s salvage value uf the: equlpment The average vaIue-gf“lhc eguipment
is the sum of the \'dlues at the hegmmng of the firsl year and the end of the last
year divided by 2.

i P - -
(- 8)—ferereeefrngaerf PV
........... ;S
¥ i SE P:s
SR WSSO JURNRNNNR NN SN i
s T T
e N S R
_ : — Life in years with salvage value

Value .qf:éd:ﬁip#_iéﬁ:tlby year.

P-$
i _P* : +S_= P(n+1)+S(n-1)
bl 2 ' Zn

where,
P = Total criginal cosl
P, = Average value

n = Life in years

..-5-=-Salvage-value
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2. Depreciation and J{eplacement—Costs

« When one considers the replacement of equipment, it is necessary to know the salvage valif
of the machine and the replacement cost of a similar equipient.

+ Replacement cost of an equipment must be increased 5% every year to-balance the increadg
in cost of equipment every year.. '

3. Maintenance and Repair Costs

« Itis necessary to keep accurate records of maintenance and repair costs ag-large variationsay

observed in these costs every year.
4. Downtime Cost

« Downtime is the time that a machme is not wurkmg because it is undergoing repairs:
ad}uqments ' -

e« Downtime tends to increase with usage.

——-.—-—-r—_-——.———-—————--——-—.__.__._._.__.._______—.____-____—_u‘_._....___--

Nole: Availability is a term that indicates the portion of the hme: that o machine is in actual production, expressed ﬂ%
a percent. Thus, if a machine is down 12% of the time, its nmﬂablll’ry is 86%.

— e m e e e m e E e m e e e e e e e e e m e E E e Em e E———— e — = e == — = = e =T e = = =

5. Obsolescehce Cost

¢ Continuing improvements in the P Uduct.we capa(:ltles of construction eqmpment have resulten
in lower production costs. ;

- oIt observed that ; if by installing a- new’ machme the production cost is reduced by 5%. “he%
" compared with the production costs of an existing machine, the existing machine will suffer
loss in value equal to 5%. This'is defined as obsolescence loss. .

o These improvements, whose advantages can be gained only by the replacement of older equipment
~with newer equipment, decrease the desirability of continuing to use the older equipment:
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. anary purpose of a tractor is to pull or push loads, and it ma}r be used also as mount for .
many types of equipment such as hulldozer, shovel. dragline, hoe. tenchers ete. Therefore.

+ It is'considered as one of the most important equipments and-is md:apensable on.most of the
construction projects whether small or big. - .

Tvpes of Tractors

Tractors are divided intp fulllowmg types :

R _ " Teactor e
' v R
Crawler Tractor Wheel Tractor
v Y
Two wheel Tractor ~ Four'wheel Tractor

Factors affecting in qelection of a tractor

+ In selecting a tractor, severa] factors shnuld be" considered and some of them are enumerated .
as follows; : -
(a) size required.as per magmtude of the job. -
(b) kind of job for which it is to be used like bulldozing, pulling a scr aper clearing land etc.
(c) type ‘of footing over which it is to operate ie. high tractive or low tractive efﬁmer?cy.

S D) firmness of havl roads - 0 oo meein e e

L
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(e) smoothness of haul road
{f) slope of haul road.
- (g) slope of haul road.
.(h} type of work it is no do after this job is completed.

| Crawler tractor

» Ifa tractor is mountcd on crawler, 1t is called crawler tractor.

«  Crawler track is an endless chain ‘consisting of steel links made of steel plates connected
together by pins and bushings. ;

+  Itis used for moving heavy units on rough surface having poor tractmn The optimum pull that
a crawler tractor can provide depends upon its weight and is equal tolth coetﬁ&enl of traction
(depending upon road surfaces) multiplied by the weight of unit, regardless of the power
supplied by the engine. Its

. Maximum speed. is limited to 10 kmph while average speed lles_he.mlee.n 45 to 5.6 kmph Tt
' is suited for short haul say 60 to 150 m.

¢ Special advantage lies in.its ability to travel over very rough surfaces and to climb very steep
grades up to 25 to 29% at a speed of 2.75 kmph.

« It has a life of 8 to 12 years (9000 to 16000 hrs) depending upon its horse power which varies
form 100 to 300-HP.

Advantages of crawler tractors

(i) Having wmore traclive effort it can Dﬁ‘?rate on soft footing such as loose or muddy soil.
(i) It can operate in rocky formations where rubber tyres may be seriously damaged.

(1) Tt can travel over rough surfaces_which may reduge.the cost of maintaining.haul.roads.-
(iv) It has greater floatotion because of lower prcmm-'e under the tracks.

(v DBeing compact and puwerfuL it can handle very difficult jobs.
Wheel tractor

*  The basic advantages of a wheel tractor when compared with'a crawler tractor lies in its higher
speed. In order to attain a higher speed, a wheel tractor must sacrifice its -pulling effort. As
- the speed is increased with the help of higher gears. Rimpull will be decreased in approximately
the same proportion.

N e — e e e e e e e e e e e e e e e — e m e e m e m s m m - m e e e e m e m e e e - -

—-—ua—_—_—.._.,..-----—-—--—_—_—_—_—_-—_—_—_—_—_—_—_—_—._—_—_—_—

v Il ]103‘19‘:‘2{35 a lower coefficient of traction between rubbr.r tyres and some soil surfaces, the -
wheel tractor starts slipping before developing its rated rimpull.

¢ Ils useful life lies between 81010 years (12,000 to 15,000 hrs) dcpendmg upon on its horsepmvcr
which is generally more than 75-HP. :

Advantages of wheel tractors

(i) It can travel at higher speed (maximum speed up to 50 kmph) on the job or more from
one job vy another.

(1) It can give greater output where considerable travelling ig neccssary.

" (iii) It can travel over paved highways without damaging the surfaces.

(iv) It can operate easily which makes the operator less fatigue.

| (v) A wheel tractor is very useful in the following-conditions:

(a) Long push distance
| (b) Fast return

() - Loose sail little or no rock

@ Level or downhill work

(¢) Good underfoot conditions
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+ Basicly a shovel is a tool for dlggmg, lifting, and moving halk.matenals such as soil, coal,
gravel, snow, sand, or cre.

+ Shovels areextremely common tools that are used- e‘{tenswe]y in agr:cu]tuxe construction, and
gardening. :

« * When a shovel is mounted on a Power vehicle it 1s called as Power Shovel, _
«  Power shovels are used mainly to excavatp earth and load into trucks or tractor-drawn wagons.
~ o Power. shovels can excavate all types of eartl excep(“solid vock: WJtlwut prior iooséining.
+ The basic parts of a power shovel include Mounting, Cab, Boom, Dipper stick, Dipper.
"« Size of power shovel is indicated by capacity of its dipper. generally expressed in cubic meters.
_» Power shovels are commonly available in divper sizes of 0.29. 0.38. 0.57. 0.76. 0.95. 1.14. 1.33.
153 and 1.91 m3
Types of Power Shovels

1. Crawler mounied power shovel,

2. Rubber tyred maunte'_d_ power ‘shovel,
Crawler mounted Shovels

+ it is'mountéd on crawler tracks.
o It is has very low travel spéed.

~o It exerts low pressure on the soil and hénce suited for muddy and soft ground surface.
Rubber Tyre mounted Shovels

e liis “mounted on Rubber- -tyres.

» It has higher travel speeds aré useful for small jobs where considerable tr avelling is involved.

o It exerts considerable pressure on the soil surface hence suitable for road and the firm ground
surfaces.

Operatmns of Shovels

Koo POS)tIOIl the shovel near.the. face of thc carth te be excavated.-
-‘. ' 'I‘he d:pper is lowered to the floor of the pit, with-the teeth pomtmg into the face. _
A penetrating force 1s apphed through the dlpper shaft and at the same time tension is applled
to the hoisting line to pull the dipper up along the face of the pit. '
1f the depth of the face (called the depth of cut) is just right, the dlpper will be filled as it

~ reaches the top of the face.
If the depth is shallow it will not be possible to fill the dlpper completely without excessive
penetrating force and hoisting tension. . |
If the depth of cut is more than is required to fill the dipper, the depth of penetration of the
dlpper into the face must be reduced, if the full face is to be cxcavated or to start the excavation °

above the floor of the pit.
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- Hoist chain

Dragline Bucke!

As the bae,m character of the machine is, draggmg the bucket against the material 1o be
excavated, it is known as Dragline,

« Draglines are used to excavate earth and load it into haul units. such as trucks or to deposit
it.on spoil banks and embankments near the place from where it is excavated.

¢ Size of dragline 1s expressed by the size of its bucket -
Advantages of Dragline:

1. Itdoes not have to go-inio the pit to excavate.lt may opcmte on natural firm ground-
o

2. Ifit has a long heom then it can dispose of the earth in one operation without the need for haul

3. It can excavate below its Jevel and under water, -
4. It can excavate trenches without shoring.

Disadvantage of Dragline

o One of the disadvantages of a dragline is that its output is only 75-80% Lhat of a power ﬂho

Types of Draglines | |

I. _Crawler- mounted Draglines-These can nperatc on soft and muddy ground surfaces ang’ h
speed of 1.6 kmph. e

2 Rubber-tyre-mounted Draglines- These can operate on hard surfaces and has speed of 50 ke g,

Operation of Dragllne s - . '.». M

+  Excavation is started by swinging the empty bucket to the digging position G't the sap, i "
loosen the drag and the hoist cables. ' 'm

« Excavation is done by pulling Lhmhm:lmt toward the machine whl]éﬁainlaiﬂiﬂg tcnsiun i
hoist cable. b 5 N the

« When the bucket is filled. the opcralor takes in the hoist cable while: playing out the dr ag o
« Dumping is done by 1elca:mg the drag cable.

o Filling the bucket, Hoisting. swinging and dumping of the loaded bucket, foliowed in lhat Orde;
constitute one cycle. or,

b)e_

Nole; Since it is diffieult 13 contral the accurcey in dumping from a droglme a larger capacity'of haul units is d
Io reduce 1he spillage.

e m e E e E e e e e e mmm s m == === - -

Output of Draglmes

o VWhile the efiéct of job and management conditions on the output of the dragline will be
" the same as for a power shovel, and the job and management factors may be used for Obt "’1

the probable output of draglines, the size of bucket and length of boom ha\’e a direct Erfn
the output of a dragline.

¢ Buckets are available in classes, such as ]ight duh medium-duty and heavy-duty.

+ Light-duty buckets are for materials that are easily dug, such as sand\' Joam, sandy clay
»or
sand. .

o Medium-duty buckets are for general excavating scr\'icc such as digging clay, soft 3}‘ﬂle
loose gravel.

« Heavy-duty buckets are for handling I:]nsted rock and other abrasive materials.
o Buckets are often perforated to permit draining of water from the loads.

o ‘In selecting the size and bucket type, the dragline and bucket should be matiched for beg
efficiency.

.o, In selecting the bucket size care should be laken that the combined weight of the lo1d ang ¢
R bud-let does not exceed the safe load mmmmended for the dragline.
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'« Bulldozers are very efficient egul:zi\-fét{ng'tnols for short haul applications up to-100 m.
« It is essentially a heavy steel blade which is mounted on the front of a tractor. The Leavy blade
' attached to the tractor pushes the material from one place to another.

e The size of a bulldozer is indicated by the length and height of the blade.

-« DBulldozers are classified on the basis of :
{1) Position of-angles

(a) Bulldozers- In these blade is sel perpendicular to the direction of movement. It pushes the '
earth forward and dump to some place.

(b) Angle Dozers- In these blade is set-at an angle with the divection of movement ]I: pushes
-the carth forward and tn one side.

(2) Based on mounting
" (a) Wheel mounted
(b). Crawler mounted .
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Advantages of the "Efaﬁl‘éi’-&ﬁaﬁifté'&' bulidozer:
' (@ ablhty to deliver greater tmctwe effort en saft loose cr muddy 5011
(b) ability to travel on muddy surfaces '

_‘ () ability to operate in rock formations, where rubber. tyres may get damaged which may’
reduce the cost of maintaining haul roads

(d) greater flotation becauae of lower pressures under the trackq

(e) greater use-versatlhty on jobs.

Advantages of the wheel-mounted bulldozers:

: ({i) higher travel speeds on -the Joh or. from one ]ob to another .
(b) climination of hauling equ1pment for transpnrtmg the bulIdnzm ’to I;he sité
e greatm output, especmlly when significant travellmg 18 reqmred
_(d) l=ss operator fatigue '
{e)- ability to travel on bltumen Ioads without damagmg I:he surface.’

(3) Based on control- for raising and lowerlng the blade
(a) (Cable controlled
- {b) Hydraulically controlled
-Advantages of the Lable contro]led hulldoze'rs

(a) Simple to msta]L operate and coutrol
-(b) Basy in reparing | n
" {¢) Reduction in the danger of damaging a machine
Advantages of the Hs;drau]icaliy controlled bulldozers
(a) Able produces a high down pressure en blades to force blades into ground
(b) Able to maintain a precise setting of the position of the hlade'

« In addition to excavating and hauhng many other functions are also performed by
Bulldozers from start to completion of an project like:

(i) f‘learmg hnd of timber and vegetatmn

(i) Opening up tempurary roads through mountains and rocky areas

(m) Moving earth for haul dlstances up to about 100 m

(iv) Pulling leaded tractors and scrapers
- (%) Levelling 2nd spreading earth fills ’ S . | _
- (vi) Backfilling trenches ' - -

(vii) Clearing construction sites of debris | -

(viii) Maintaining haul roads |

(ix) Clearing the floors of borrows and quarry pits
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Compacting Equipment -

" Compactmn is the method of artificially dcns1fy|ng the scil by pressing soil partlcles together-
into close contact, resultmg in the expulsion of air and/or water from-the so:l mass. '

. Compactmn 1S donc to increase the strength of an carth fill or an embankment

. Compactlon refers lo the met.hod emplo}ed by a compacmr to impart cnergy mto the 'soil to
achieve compaction.
« Compactors are designed to use one or a combination of the following types of compactive -
efforts: e o ' '
(1) Kneading action —Mampulatmn or xearra-ngmg A e T
(2) Static weight — Pressure appllcatmn
(3) Impact — Sharp blnw

.-(4) Ylbratlon— _.‘:hakmg - ke wARa .- 2T Raadier med co u T g

e

~cl o : _ : ) .
b [ Scanned.WLth.CamScanne[.._ - - --Sheep's . Foot Roller. ... .opigiistgs-wmnemar - 284

.
EE i A L idri, . LY
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* Sheep's fnot rollers are svitable for compacting fine grained materials Mddﬁ_auﬂmmq
of sand_and elay.

. Ih@ﬁf_cannm_cnmpﬂﬂ_mnulamﬁwm;_&m_mﬂ_uuﬂ
» Depth of a layer of soil to be compacted is limited to opproximately the lcpglh of the feet.

* They. are used for manipulation and compaction of plastic clays where stratification must be
eliminated, such as clay cores in dams.
» Sheep's foot rollers can be towed or self-propelled, and its drums consist of a c}"”idr:cul shell
. with protruding 'feet’ which provide areas of high contact pressure under the machine.

* Feet can have numerous shapes and terms such as taper foot and club foot have been used

to describe their particular fcatures, - sr AL
» Because of the'small contact area of the sheep's foot roller it requirés ﬂ. Iar{'e numher of passes
to prnwdu even ‘one complete coverage uf an area of soil. - I

. 'Sheep foot rollers are slow, have a very high rolling reslstance ;md Lherefnre cost per unit

—  volume compacted is high.

Smhoth-whccl Rollers

" Smooth-wheel Roller .

- Smooth-wheel Rallers can be self-propelled or of the towed type withsmooth steel roll surfaces.

These rollers may be classificd by type or by weight.

These rollers are effective in compacting_granular aoils, such as saind, gravel. and crushed stone

and they are also effective in smmtl:nmng surfaces of soils that have been compacted by
tdmping rollers.

JLMWIWWM&MWMMM
prevent ndequate compaction in the lower portion of o lifti

Self- propelled category the inachine can be a three roll (tricvele mnfguratmn) with the front
wheel uacd for steering while the rear wheels are powered for dmrmg

They can be tandem two rolls type nlso. '

" Contact area between the drum of the roller nnd the surface of the soil is a narrow strip. and,
as o result, the stresses in the sml fall off rapidly as depth in the layer increases.

This type of roller is, thercforc, limited in performance such as, to compaction of l'mr]y thin

r' ayersg that is 10030, e, depending on the size of the equlpmunt
¢ _1hic.steel . drums of tho.rolle mav. be hallasted with woter-or sand-to lncrea*ﬁi‘llie*wﬂﬁmg T
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L Il' a 1olle:r is demgnata:{_aa_t_d_l.l& L-.Jr._means t'hat the mmlmum we1ght o the
7.3 t and that it.can be ballasted' to give a maximum weighit of 12.8 t. :

. . . ae
! . s o 2T .
L . ' . . . v e W oam v
. . . '

Pneumatic-tyred Rollers - e : - ' : 0

R T .

= e e B AL

b

) - Al
i -l-&l i ll""' L*

. Pne umat!c-lyred Ro]ler

% ° Pneumatic-tyred - Rullers are-surface- rolle:‘s, 'g.'hlch apply the p]; gmlg gl hng_admg_&aj__n to . :
effect compaction ‘below the surface

These 1'01'101'5 are 1 { s

« They can be self- prupel]ed or towed small “or large tyred units.

booavatem AL L R A P T

. Y
« These rollers rc*ly on dead we::ght acting or upon pneumatic tyred wheels to produce the 'i
compacting cffort. - '

The weight of a unit may be :ncreased by bal]astmg . o ' B i
'Hmahn@i t,}tthrﬁwﬂﬁmamravmlable varying from 13.6-180 tonnes gross weight.
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" Tamping Rollers

Tamping foot compactors (Fig. 5.3) are high-speed, self-propelled, nonvibra-
tory rollers. These rollers usually have four steel-padded whecls and can be
equipped with a small blade to help level the lift. The pads are tapered wilh an
oval or rectangular face. The pad face is smaller than the base of the pad at the
drum. As a tamping roller moves over the surface, the fect penetrate the soil to
Produce a kneading action and a pressure to mix and compact the soil from the
bottom 1o the top of the layer. With repeated passages of the roller over the

Surface, the penetration of the feet decreases until the roller is said to walk out

by

Vibrating drum rollers are actuated by an eccentric shaft that produces the
vibratory aclion. The eccentric shafl need be only a body that rotates about an
axis other than the one through the center of mass. The vibrating mass (drum)
is always isolated from the main frame of the roller. Vibrations normally vary
from 1,000 to 5,000 per min. _

Vibration has iwo measurements—amplitude, which is the measurement
of the movement, or throw, and frequency, which is the rate of the movement,
or number of vibrations (oscillations) per second or minute (vpm). The ampli-
tude controls the effective area, or depth to which the vibration is transmitted
into the soil, while the frequency determines the number of blows or oscilla-
tions that are transmilted in a period of time,

The impacts imparted by the vibrations produce pressure waves that set
~ the soil particles in motion, producing compaction. In compacting granular

material, frequency (the number of blows in a given period) is usually the crit- .

ical parameter as opposed to amplitude.
Compaction results are a function of the frequency of the blows, the force

of the blows, and the time period over which the blows are applied. The fre- *

quency/time relationship acconnts for the slower working speed requirement

when using vibratory compactors. Working speed is important as it dictates:

oW 4gq £y %ﬁrcular pant of the fill is compacted. A working speed of 2 to

~A mph provides (he"Best Taeulls ‘when using vibratory compactors.

amplitude

The vertical distance
the vibrating drum or
plaie is displaced from
the rest position by an
ecceniric moment,
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1. Sheepsfoot rollers
2. Tamping rollers

, 3. Smooth-drum vibratory soil compactors -~

- 4, Pad-drum vibratory soil compactors |

5. Pneumatic-tired rollers

canner
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-* Vibrating Compactors °

o Vibratory campactors enhance the performance of static weight mllers by adding dynamic
farces, usually achicved by a rotating eccentrically weighed shaft mounted inside the roller.

= .Vibrating compactors have shown their abilities to produce excellent densification of soils such
' 2s sand, gravel and relatively large stones. '

. e..o. = _As these materials are \'1hrated the. particles shift their pﬂSlllﬂn and nest]e more cluSelv wﬂ.h

adjacent particles to increase thrdenmt:,--of—lhe~masa ’ R

= Types of Vibrating compactors are :

(2) Vibraling sheep's foot rollers, -
(b) Vibrating stcel-drum rollers,

(c) Vibrating pneumatic-tyred rollcrs_,.

(d) Vibrating plates or shoes. . Tl

Manually Operated Vibratory Plate ‘Compactorls _

) Vihrating Plate Eﬁhpactor - .

T -y . B T hae

. ’I‘hcﬂe nlachmea have a ﬂat plale in contscf \ulh the sml

« . Decause of their much emaller size; wbratmg plate compal:lors have lower gutputis of cnmpacted
soil than the larger vibrating rollets

« These are usedfor m_mpacunn.nf_cqhesion;]eas soil.in cenfined .areas or gpaces- - ---
« Power unit and conirel handles, for the pedestrian operator are attached to a chassis suspended

above the base-plate on springs or other form of flexible mounting.

Manually Operateé Vibralory Tamping Compactors

V'hratory Tarnpmg Conpactor

o Vibro tempers have an engine thwcn reciprocating mechaniem which acls on a =prmg system’
[- "gaugu‘_mﬂea Mm L%Lﬁ%%‘:h |‘|‘1 with aaplitude of nhn\lt 10-80 mm, are snt up in Lhc base

<...r.
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s The most communly used machmes havc a mass m—the—range—of—&ﬁ—]ﬁn—kg. -nn»d usual]y bperau:
at-a frequency of about 10 Hz- .

w e ‘e
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o - Their main mode af compaction is by impact and lhey are sulted for the-eempaeh&a—o{-mosl
types of soil.’ .

« Because of their low output. the:.r are used in conflined areas or spaces, where their portablllly
~ and maneuverability are a particular advantage.

Manually -Opti.rated Rammer Compactors
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Rammer Compactor

« Ramnier compactors are self-propelled in which each blow moves them ahead slightly tocontact

new soil,
e These units range in impact from 40 to 120 per sec at an impact rate up lo 850 per min.

_:%‘E?_m}ﬁfﬁ\'i’d.w&ﬂ@'hqé’?ﬁﬂﬁﬂe lig/blow, area covered per hour, and depth of compaction (lift) in cm.
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PART-D

7.So0il reinforcing techniques
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Reinforced Soil

Reinforcement in different forms is added to soil, in order lo improve its
mechanical properties. Soils are strong in compression but weak in
tension. This weak property of soil is improved by introducing
reinforcing elements in the direction of tensile stress. Reinforcement
material generally consists of galvanized or stainless steel strips, bars,
grids or fabrics of specified material, or wood, polymer and plastic, ete.
The reinforcement is placed more or less the same way as steel in
concrete, The end product is called reinforced soil, and is very effectively
used for refaining structures, embankments, foolings and subgrade, ele

Soil Nailing

It is a method of reinforcing the soil with steel bars or other materials,
The purpose is to increase the tensile and shear strength of the soil and
restrain its displacements. The nails are either placed in drill boreholes
and grouted along their total length to form “grouted nails”, or simply
driven into the ground as “driven nails”. The technique permits
stabilization of both natural slopes, and vertical or inclined excavations.

II1. MATERIALS
There are two basic materials used in the
construction of reinforced soil.
*  Soil or fill matrix
*  Reinforcement or anchor system

There used to be adequate inter-
relationship between the materials used. Based on
the design strength and availability, the materials
are selected. We will discuss one by one, the
materials that are being used.

Soil or fill matrix

The shear properties of soil can be
improved as theoretically any soil could be used to
form earth reinforced structure. In long term
conventional structures the soil used is the well
graded cohesionless soil or a good cohesive
frictional fill although pure cohesive soils have
been used with success. The advantages of
cohesionless soil are that they are stable, free
draining, not susceptible to frost and relatively non-
corrosive to reinforcing elements.

The only disadvantage is its cost. As a
convenient compromise between the technical
benefits from cohesionless soil and economic
benefits from cohesive soil, cohesive frictional may
be preferred.

Sometimes the use of waste material as fill
for reinforced soil structures is attractive from an
environmental as well as economic view point.
Mine wastes and pulverized fuel ash are the wastes
usually employed

Reinforcement

A wvariety of material including steel, concrete,
glass, fiber, wood. rubber, aluminium and
thermoplastics can be used as reinforcing material.
Reinforcement can have the form of strips, grids,
anchors and sheet material chain, planks, rope,
vegetation and combinations of these or other
material forms.

= Sirips are flexible linear elements having their
breadth greater than their thickness. Strips are
formed from aluminium, copper, polymers and
glass fiber reinforced plastic and bamboos. The
forms of stainless galvanized or coated steel
strips are either plain or with projections such
as to increase the friction between
reinforcement and fill.

Soil
Soil
- il
(a) Strip e
Figure 3.1

«  Grids or are also used as reinforcement. Grids
are formed from steel in the form of plain or
galvanized weld mesh or from expanded metal.

Soi
4 =z

(c) Sheet (d) Grid
Figure 3.2

*  Sheet reinforcement may be formed from
metal such as galvanized steel sheet, fabric or
expanded metal not meeting the criteria for a

grid



Flexible linear elements having one or
more pronounced distortions which act as
abutments or anchors in the fill or soil. They may
be made from materials like steel, rope, plastic or
combination of materials such as webbing and
tyres, steel and tyres etc.

Composite reinforcements can be formed
by combining different materials and materials
forms such as sheets and strips, grids and strips and
anchors, depending on the field problem
requirement.

The principal requirements of reinforcing
materials are strength, the stability (low tendency
to creep), and durability, case of handling, a high
coefficient of friction, and/or adherence with the
soil, together with low cost and ready availability.

Geosynthetics

Geosynthetics are manmade products.
They are flexible and planar (sheet-like). They are
manufactured from synthetic polymeric materials
and sometimes from natural materials. They find
use in Geotechnical engineering as a separator,
filters, drains, reinforcement, hydraulic barriers,
protectors and erosion control system.

I. Geotextiles are porous geosynthetics that
resemble a thick strong cloth or blanket with
its strands and fiber visible. They are planar
permeable, polymeric material that are usually
made from polypropylene and sometimes from
polyester, polyethylene or from natural fibers
such as jute .they can be woven, non-woven or
knitted. Woven geotextiles are produced by
weaving or interlacing, usually at right angles
of two or more set of fibers. Non-woven
geotextiles are produced by mechanical
bonding or needle punching of randomly
oriented fiber. Geotextiles can be 0.25 to 7.5
mm thick and have a mass/unit area of 150 to
2000 gm/mm*"2
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Figure 3.3

II. Geogrids are mesh like or grid like
geosynthetics with square or rectangular
openings that are larger than the thickness of
the ribs. the rib thickness ranges from 5 to

15mm and the mass /unit area lies between 200
to 1500 gms

ITI. Geonets are similar to geogrids but have
thinner member sand angular apertures not
square or rectangular but resembling
parallelograms

Figure 3.5

IV. SOIL REINFORCEMENT
TECHNIQUES
Sail reinforcement techniques can be divided into
two major categories
1. Insitu soil reinforcement
2. Constructed soil reinforcement

In the insitu reinforcement technique the
reinforcement is placed in an undisturbed soil to
form a reinforced soil structure. This includes the
technique of soil nailing and soil dowelling. The
reinforcement used for insitu structures is usually
linear owing to the method of installation.



1. Open excavation using soil nails:

STEF 1, RXCAVATL SMALL CUT
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Figure 4.1

Vertical or steeply inclined cuts can be
made for open excavation using rigid soil nails as
reinforcements. Such cuts are also referred to as
nailed soil walls. Unlike reinforced soil walls are
constructed from bottom to top, nailed soil walls
are constructed from top to bottom. The facing of
such walls is usually in the form of a wire-mesh
reinforced shot Crete panels, although metal plates
and other types of panels have also been used. Soil
nails are installed at an inclination of 20 to 25
degrees to the horizontal near the ground surface so
as to avoid intercepting underground utilities and
the inclination is reduced to 10 to 15 degrees as we
go deeper into the cut.

2. Constructed soil reinforcement technique:-
1. Reinforced soil structures with vertical face:-
The facing wusually comprises of
prefabricated concrete or steel panels joined
together by an interlocking arrangement. The soil
used as backfill in such cases is granular soil with
less than 15% fines to enable development of large
friction between the reinforcement and soil. The
most often used reinforcement is steel strips since
they have large tensile strength as well as low

extensibility. Construction takes place from bottom
upwards and the reinforcement is placed
sequentially as layers of soil are compacted, one
after the other.

Connector

Metalli¢
facia Soit  Concrete facia

Reinforcement

Figure 4.2

The constructed soil reinforcement
technique describes the technique where the
reinforcement is placed at the same time as an
imported and remolded soil. Such technique are
often called as bottom up process as they involve
the placement of a fill and reinforcement
simultaneously, these include structures such as
reinforced soil embankments and bridge abutments.
The reinforcement used for the constructed
category is in the form of strips, mats or grids.

V. APPLICATIONS OF SOIL

REINFORCEMENT
1. Slope failure repairs

Unstable slope

!

Nail

Potential
failure surface

(d) Stablisation of slope

Figure 5.1

Large and small landslides and failures of
natural slopes often occur in areas where the value
of the environment (for technical or economical or
touristic or artistic reasons) call for the repair of the
slope to the original (or as close as possible to the
original) geometry. Geogrids allow using the same
soil of the landslide to reinstate the slopes thus
achieving fundamental savings over the solution of
importing a soil with better mechanical
characteristics. The geogrid reinforced slope can be
easily vegetated with the local essences, in order to
obtain the best integration with the surrounding




environment.
2. Slope cutting repairs

The installation of pipelines and other
underground structures often requires cutting a
slope in protected or valuable areas where the
Authority imposes to repair the cutting to the
original situation. This may produce geotechnical
problems due to the fact that the excavated soil
results in lower mechanical characteristics than the
original soil in the slope. Geogrids allow improving
the stability of the soil: the slope can be rebuilt
without using expensive consolidation techniques.

3. Steep slopes embankments and bunds

Highway

'\._.‘____

(a) Highway embankment
on hill slope

Figure 5.2

Reinforcement

There are many situations where the
shortage of space or fill material calls for the
construction of embankments and bunds with very
steep slopes, greatly in excess of the naturally
stable angle.

Ceogrid reinforced soil structure provide a
safe, sound and economical solution which can be
used for some of these applications:

* Noise protection bunds along highways,
railways and airport taxiways

= Blast protection embankments

= Increase of the available volume in exhausted
landfills

*  Construction of embankment dams for solid or
liquid impoundments.

In all these applications, the inherent
flexibility, the ease of construction, and the use of
any locally available fill soil are the technical and
economic advantages of geogrid reinforced soil
structures.

4. Widening of slope crest.

There are different cases where a rather
flat slope has to be converted to a sub-vertical wall
enlargement of parking areas, smoothing of sharp
road bends, land reclamation projects and housing
developments are just examples of them. In most of
these cases the toe of the slope cannot be moved
forward, due to the right-of-way limits or natural

boundaries (rivers, roads, etc.). Therefore the crest
of the slope shall be widened, making the slope
steeper or even vertical. Geogrids allow building
steep slopes and walls with almost any locally
available fill soil. The face can be built with a
vegetated or concrete finishing different solutions
can be easily implemented at design and
construction stages to meet technical, architectural,
environmental requirements. The original slope has
usually to be cut at the bottom to yield enough
space for placing the reinforcing geogrids. All the
operations can be performed with standard earth-
moving machinery and easily available tools, even
by unskilled labourers. And, very important, the
traffic and the activities in front of the slope are not
disturbed by the construction operation.

5. Bridge abutments and wing walls

Bridge abutments and wing walls are often
the earth retaining structures that support the
highest loads. Besides the high wvertical and
horizontal loads directly applied by the bridge
deck, dynamic loads from heavy traffic, and
sometimes seismic loads, challenge the design
engineer. Soft foundation soils, high water table,
environmental impact regulations often provide
further problem. Geogrid reinforced soil structures
provide strong, yet flexible, retaining structures.
Bridge abutments and wing walls can be designed
and built to resist all the anticipated loads with the
required Factors of Safety, even with low quality
fill soil. Soft soil stabilization and drainage
problems can be solved with geogrids and
geocomposites. The face can be designed to fulfill
any  requirement regarding  visual  and
environmental impact.

/ Bridge deck

Reinforcement ———
(b) Bridge abutment -

Figure 5.3

6. Soil retaining structures

Soil retaining structures can be divided into:

= FACE WALLS which are usually designed to
cover a steep rock slope or a cliff, for
environmental and safety reasons. This kind of
wall usually has only small or no horizontal
pressures from the backfill, but has to resist the
internal outward pressure of the fill soil.

* COUNTERSCARP WALLS which must
support the constant load of a sloping terrain



on the top. The soil pressures to be resisted are
usually much higher than for a face wall.

= RETAINING WALLS which are usually
designed to support both static and dynamic
loads. The design and construction of face
walls, retaining walls and counterscarp walls
may have to deal with technical, practical and
economical problems due to availability of the
fill soil, access to the job site with operating
machines, speed of construction, aesthetics,
and overall cost and so on. The Technical
Authorities and the client often require specific
solutions, sometimes with a vegetated face,
while sometimes a concrete face or another
type of “rigid” face is preferred.
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Figure 5.4

Geogrid reinforced walls can be designed
and built to fulfill the most varied requirements in
terms of load support and face finishing geogrids
reinforced soil structures provide a cheap and
diversified solution to wall construction problems
the experience of engineers can help to find the
proper solution, either with a vegetated or concrete
face or new solutions can be developed for the face
finishing as well as for the construction method and
all the ancillary design details.

7. Road and Railway embankments
Road and railway embankments are
usually large and high earth structures, which
require considerable quantities of fill soil and land.
The cost of the fill soil and its transport
from the quarries, as well as the value of the land,
may be so high that some alternatives may be

considered, such as designing steeper slopes or
using lower quality fill soil. Geogrids allow the
slope to be built at any inclination with the required
Factors of Safety. The specific surcharge loads, as
well as the dynamic or seismic loads, can be
incorporated into the design to provide safe
construction to the Client, the Engineer and the
Contractor. Almost any locally available soil can
be used for the geogrid reinforced embankment:
this facility can produce very large savings in both
costs and construction time.

Renforcenwnt~ Resnforcement

/" \ £ X E=

(1) Conventional so emsbaskment with  (b) Resaforced snl (¢) Reinforeed seil
pentke slopes (base width = B1) embunkmcet with sicep srcture with
shopes (hasewidth B2 < B1)  verneal faces

{base width B3 < B2 < B1)

Figure 4.5



