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U GWT & & LD

MBS GL LUssTenr® wHmd QUIEISE® urys g sser

201515 gy emr(h QUT®ETTSIT WHhG Hanau|d Quidans CURL B HLOSE BlenmUl LITL_EISEETULLD
SI@LIGUEISMETLL SHSHEIHDG. BID @ Syl sams ummasulGon e

@@ Breuane UigsaasulGar prd ergliiunmss Hlapeser @mbsre LligliLgeoeae.

GrETUMITE S(HLILBISEHL FOLRSEHL Q(HHSTOSTE BT FH&EES (Plgdngl. g CLTe
UTPSMEHUIRILD BLOGE, FauTasEhl Cargamers@hld eUbsTasTe B Sl Gleupml semr
parGarmeonLb.

Q@@ Armossle o aleugtul Camialed sLajemer LlpTdsamer CauizgCurg sLeyer
2eu@rdCr Caramlentr. elleugtul sLeenb srpm wep Geuule Curen QuiHens
BlBLH6SET GT6iT STOETOSSNE@ s dFweaubheudame. Brmser ellousmu Ceuwigell ()
grwrer wenp Geuuled Curarmaney Qe sadl LILHHCHTCL eramm CaL L. &SL_6y@HLd
QNG 2 BseT sLHUUM Ige sMHH el Luled Curammencl Quimi@GL Briser
cllmLHLELTE LWETLRSSS CETETETEND CTETN HEDSSSHTT.

elleusmull wEPHE CuTL Spmo WwasemLb Caraal eeareum LWIT Cewigea. Coameuwrer
wenp QU eneugg Curgiorer Bi el (h @swrer Ceuulameawd srhapubd el Cleuiger.
vuliser Caplliureg ugansl LCFD eraTm EUUIDSETE) EUETTHSE. MU ST CUHSI).
Sineuen Qauig LulTsemer LMTEsGLTg Gbweanser Cleunibd LSTEETS, (PHOH eUleETWTLOG
Bopssl

clleugmull ugOILICUINW SLeyener enpdstT. e LuilTser GUiLig alanemumoea elewTmaL
Curerg) eramm CaLLnT. SL6|eT BH5HG. LW Gampeurs CuuiuwbCurg Ceulser HHEsTs
LOGWT @IS GG < LPLOTSE 2er(R(Heyd. STHm Lewors eisdCUTg CeuTg e LoamTenemr LIGLOTs
upmls Caremepd. Ceuulled #pm HFHLIE STLHSTH LUNTSET Denssd SRS Foend Goald
uIaUTsHE Carererw. @ULlg ojeme sTCET S6aTd@ 2 amTeeULD FSHSenWLLD 2 Tl T&hdls
CaranrLtGo igeammed srorer Cpowansamer 7 QeI ISHSTET cuMiLienL L (K HreT
THLOSSS sHBCese aratpri.

BIPW eumwilient LwaTUhids (penerliLjL e Geweul () eumpeiled CemeniowentGaurLb.

PWnHé Flmalaner o &@SL (PUHDIETEnLD
Gaieno @SS el
- Sloeepet

| GUTL|L_6OT

. Corgern
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GU 6w & &LD!

SMEUMSGLW LSsTenr(H wHmd QUTESD BT S S &S,

Cearenesr, smehdrd wHnI HHeUET(EHT LTIl L ES6Te @geuamy Qs oj6mey

wenp HLiIsHer alanereurs Glgamanar LIHSTL GleueaTeTsSle) PLPLPSHILIZI. LOTBHET OSSHET
CereCerams GUTssHle H5S5SMSHET. 6l([H&EHEG6T CeUaTaTD Li@GhHg 2L enld SHaaTSHILD
Qg selssa. Cgereans W LHNL CFearears UL U HBT HDSSL L 6T STTUTE
CleueTerggled LTFGSILL L D&&EHSE 2L amigins Hleurren 2 salser Cauwiw (plgbleihss)
SIDESL 6T a6l S R. QITHTS(HL IqaTer jeUTS6T Samaenoulled IMESHL L enerT
Blifeur&lseT wHmid wwiw Hifeurdlser 07.12.2015 yatm GlFatenar e antThamad, 09.12.2015
<jern HummGguigid, 10.12.2015 e wenrelulgd, 12.12.2015 jam SlmGeuna i auild,
14.12.2015 &) SjemaTUSSMTID wHmiLd 16.12.2015 jemn SheueT@ehmaid CuriTeneu, Lmw,
Caulllg., Leued, opmid senrentt GLiramn QUT(HLSET ULPEISILIZG).

20.12.2015 i@m SlHES wWWSSTe U CFwwlinl L Leer alpr Hlapssuled Hog sl
QB (perareT Seveveu Sl. Q. QrrerS(hL g enTe jeuiseT o L UL BLog LWL (pss
SEMOEUTSH@EHLD, LWL HITeUTHSEHL Sebhg Garan(h plillssert. ojelalprels Smes wuiw
2 MUeTEerg) erantanisanganl 1031 & 2 WTsE e Qb erele @ren_meug G
DWILIDTSE 9 &8 FTHenaT LanL_§s LWILSSaeall S, (p. S(HEmE @ euTsem Glserers DuiwLb
SMTUTS S6YTeldsLILIL L.

2016-171d gy amr(hésman WL Bifcurgser Caree eaumw geareull 5w Cagl e HLSS
FouT(Osem penLCupn eumHSng.

maraufl 85Cs8 (o 106CsH cuanr marmurssle o arer Fréuorel el FLliguled 276ug,
ofl QB L (HBTSET WIHTH LOMILD BhsTelg GLETETEL HMILD HIETSTES)
QurgI&@WaHEm L L(pd pearL Cupul®mssng igle sabg CareaTeusn@ BbLOG LUIWLSSer
gmiung 50&@Ww Cupul L o pillemseT Ludle| GewidmenTsar.

pe

| GOTL|L_6OT

O K Llgaveurme)
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LIGU 6T @fﬂlagrr
1) 61 GOT 6L 63 GV & GIT

Ceamm Qs &l QHolu oerailad
BeLGUDD (PpHe LiFmHSlu BT g 6o
FpligseT upOiLd ojeng Lols LIFLoTenTL Lo
PSS SlBHES LUIWLS®SS GSPISSID LD
eTaTmid Hlenenaled CaTeTeTss5% auamsuiled
aThsgmrsCaer.

1986-87 b o awT(h&&Tem dley Qb
hireunrdlaeT Caige 198610 o awi(h LomTé
gmser (pumied pen_GUnng). TS
QUrYIILSEREHGD @ LaTSTES HiTeursleser
Caimey Qewiwliul L el eTailens QEIS
BIW MHg Csmerer GeuemTigus FmLiL
Cewiglwur@bd. pog LUIWSSE SMTHS S(H.
SAN. TEISHTSFSTTWT euUTHeT &l @HSIW
FOOEUTTEALD, 2iiq G idle @BSHw
SO HHMOEUTTHALD, SI(F.M.&1TSS5Caem
S|eUTS6T HLILPESSET LOMHEVSSHEVEUTTEHELD
Cairey QewiwiLGLmb. epain ifle @bl
Gurglisesd @Cr wuwssed Bmbs Csirey
Qeuwwiul L sngalr Hlawe| penlCUDD o e ()
198610 o ent(h eTETLSULD, QHS S
gngenen Ggarens wWWGHer GurerGer i e
QurplssliuL. Geuamig HlaHey Tarmmed g
Wlenswang). GoUuns @erenml uigE e

R. @Uramaél(mL g errer

WerGenmig &, QeneT@hTem @& Guimp
FTHEETHEET HISHLPSSIL HLOGI LOUILISS6T
reeny Mg CsreTereyd LUIWSS 6
wrewrenl G 2 Wirds 2 Gab.

ofleo @il Hlireurdlger Cummilienu
U Ul igarggled gnmisareant(h erlired
1 BreT CFeatener cubgenLHGsTLD. Claemane
cllwrer Hlaowdde Ogemers LWL HerTLTS6T
BIDNISSamTsE6 &pWl 2 nars eurGeunLilaner
BLogl LWILSS SiFle QB HiTeurdlsens s,
S|6MS | EPHSTTEHET. FTETSLILIL L (LPLPEIS
gr0leugseT Ceulg&Hs LUIWLSF HerTLTS6T
6Mgs aurCeuplients allomer Hlanewdeng G
LGS MouSH HISLHEUTS HeNOHSI.
S\(m.LpaT (PSOIWNT euiseT SaneaenLoulled
aurGeup gHUTHEET TSI FAPLILTS
SIMHSHF TATLENS NGTE(HLD DI
Couemrigw CFWIS o @LO.

1986 @rLigad SlmiseT 86-871D oy awr(h&smen
s dle Qidlu CFunEw WwHmLd
QUTFIEG (D Fol Lmger GlFamenen
sT0smreaLe gL L ole) 22,236 Caglsared
B GQupmgl. . P. Cuinssnslyern
LUIWSFMmOaUTTED, S\(H.V. sGeanraerm
SjeUTEeT CFwereTgraa|d Qmbgl alpTsser
S@aTma b Apliung egour@ser Clguwig
BLSSHmiger. e @nlwrelesd QmbHE
Vb CHTENTL BLOG FRIGSHHEHT [HEwTLITH6T
SeareuhenW Lmgrl el Cupm pHlswpeins
SIDLHSF eTaTLNS QEIE GO
allmLOLSCner.

1984 oid GuU(RHLLD 4b6ug) &L Sl(HSHSLILIG
s (hwrers Csmled euants Ul eueneTUIS s @ 6T
o LuBhssLuLLL g (Under 46th Amendment
Sales tax on works confract has been
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implemented) @Bs& LD s (HLOTS
Camplena Geu@eursls LTSILILE@GeTeTTSSIWS).
SE@T@DL HTVd S L Gl e LIFmhs
B@OEUTTE B (HHS ilg CUIEHT, GG (HENLLLI
ULsGCrH B8 werm BLelgdsams Copblsrerer
Wige| QeuiwiulL g &@m. K. algwer
QUESMI@EHT DG FEISS e FTTLTG ClFaraner
o WIMES aTnSHled cup&E@ Ldle Clguig)
(PSS DS Sl QHSIW feTalled Ta
2 $3761DE Sl e LD FHSIT Blapey
Csamens LUIWSSear FTTUTS HapSSUILIL L F).
24 CUST FRISHST FTTUTS DSHTESH60
anaCwriiuw @ CLa eraTueams erewT e
@armereyd e BHlenmey CUNIECHET. e
Un@ ueGoum BHdlwearmmigensd Caaraner B
e 2 sgrenel CoHCareT sy QL dame
2 $gTeyser GUpLILL L. &l@m. K. ellguwier
Sjeuraer Caremt, STHI_&T, Y HSTT (LPSEOIL
LOMBlEUBIGETE) BLO FRIGSHDETS CUTSHMIg
Qe _sGaTesgem o et CLDMISSHSTT.
UCaln HSHIDGTDEISHET) GULDS & SET
BeOL QLD SMTersSTe 2 F& BHLOGTHLO
GTEOAT EUNSGSHENETWLD S6iT S (HLILITL (N5 &6
o 'L gdl Builders Association & Others Vs
Govt. of India erary QLWL H cUP&EE 2 &
BTN Hraréligijager Cueard (Constitution
Bench) &t BenL_Gupmg). 19846 Glaemenen
2 WITHS aTmsSHled L rbLlss cups@ 19886
9l Cwar fle QB seeeurTs QmHbHS
STVGFD 2 &5 BHLATMSSH60 HenL LD
14 G CaserrGCsmenar THHI S, A5
GOTLIEHS DjeUTSHET (. BIaT Lidleumem
S|QUTEHENGET BLOG FRIGSHSIET FTTLNG 2 F&BHS
LHSHD U M ULPSSDIEHTTS LIL|S6
QUOMISSHSTT. Sl LIS EUTN GULPSSHMDIEHT
SO FTOSFL L GH QbHluralen
s HnHs CULDESMIEHT eTerTLIg QIEIE
Qsmbgl Csmerer GeuenTigws Gleuid.  Ceaid
craraienLwl Couant(hCamepsslanms s
GTLIEHS ojeuTsem Garen 2 6mersEam(h
QUPESMI@EHT GlFaaeu]d (Fees) |arerm(hHenL_il
BimieuaTordl Hindustan Construction  Ltd
FHMSCETamTL g eraLgmen el 2 eaurmCour(h
GQEE Hlenerey gmnd sLeLlILL g (HSSHCmer.

m.M.amsHCaEWeT jeuigHer Sales tAX

Committee genaveurma @ (HbHaI eULDS et
BL6llgSamaser GmlsrereriiLL L.

198910 gy ewr(h LoMTE SlEigeT 31D BreT 2 &&
BSInaTnSSled ST eupmISLILLL gl ST L6
BV LIETEenET SL(ALTarsgenms @ Cummnis
BHBI. DG LOMESSTE GHDETayd BHd
Qupms ClEranTig (HSHCOID eTETDTEd g
Wleswrang). Sy Sevlgg prermd 19891
e s Sriser 31 BreT g Guier
2fe QrdHus seneeurts Curnli eudlds
sanL&BreT araruans CLmssCarh @mi@
GOUL allpwySCoerr. 198460 i Cwea s
RULBSSCSHTH Caamaen o Wit Eloetnsdled
SRS Gups @ 1989 LomiTg 31 HreT

2l Cwer odle @B Feneweurts Clummii]
uUdHE S8 Bremed 2 &5 BFoaTm ST

S ssL0upn FNSSTD oG FESSS60
GTATMILD HleneGlSTemTiq (HHEGHLD eTermLiSle
HehEDHMID WILIDIEIENE.

1986 &GLITLIT Smisem o 055 Creilwmeied
Flan psmed penlCumm IFAWPCA orpriqed
BLOG Fle Qb saeveul Sm. S.A.N.
TRISBISTESFTT DTS Sameenoulled FmHblmmLiL
1008 @ CopuL' L Lrdlhlglser seobg
CarewrLnirser. &le LBl ige URGCSDHD
Ulm@ Ceouier, Carel GaruL., LlFebuiet
Curety parmsGaner LtTaneulil(f) s
UL eupulled smierhg, wCaFwr, SriglT
Curerp prhsEhs@ Cearm aubCsn. Csearens
wUIwWsHO(mBHE enbpriin 30 Ursiplsser
&OWLSCHTH shg CsTERTLTTHET. S(H.
SISSTITLD DEUTSET HMETSHG FHLIMTL g eHETLLD
(et Hlerm Clawigm.

Southern
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BLOG| FRISSHET 126U Fle GHEIL
b 198710 o enr(h geaneull gmiger 23,24,25
Codlaemned GLEISERT HEHT HenLGLHDE).
S|Fle QBEL FEUTTS S\(h. TRISHTSTESFTT
SlauTgem Curnili] cudlgsmi. odle @nslw
Qawn@ el gaeasns BT (e &(HS
FMeeUTTS g Cie @renTLTeug (Pamuins
BlwlsslLl GLer.  epetn Bl a6 Lolss
AoLiurg wrprlh pLss LeGaun G (paHaeer
S|@LESILL L e ogCwer oidle Qb
S ET Qenamhgl Liepenn GlLImIS@EhT
Ceern rprligemer dpliurs penlClum
<9}, Cavrgananaeana LOTHITL(5& (& (Lp U6 8 (6rhL6tt
uglihg CsrentCLTLD. rpTH FAoLliLn
MW SMHTL_& QUILIHSSSTITSHET FRISSHMS
BLog EsSCHT(H Qenamss CLmpHal
CupsreaTemriul L g ESSHET Senaveui
B, AS. Saeramnd mrm® auisem @ULIG®
Qupm STBTL& RUUBSSSTTTSET FRISLD BHLOF)
sm&5CSHMN(H QamdaliLLlL gl el
STBIL_& @RUILHSESTITSET FRIGSSH 6T
2 pULleiseT eTentanndansd FnGmriL 30000
eTatLg) B bl Gouanigwr CFuiglum@L.

ik gereud 236655 sNSSITL LsL
eumihg GlFaTe| wWiLm ImEded GHleusdl
MEUSSLILIL LG  STHTL& (PHQL HEODEFFT
LreuTLl@ rrw&lmadent GansGL (Hon.ble

Chief Minister Government of Karnataka Thiru.
Rama Krishna Hegade) ojelif&eT Heneventd
GBS Sebhg CsTent(H MBI e
FloUGH MCUSSTT. SeTenDl STHIL& FFe
CurgliLemggienn enw&s wrarwl@ H.D.
Caou sa jeuTsem AL ell(HHE@TTTS
SObHG CSTeRTLIT. LOIBIL G BLOF &6
BHHW seneeu S o &FFTT SjeuiTserT
sl 2yl sL(Hransgamn hoHsaen
Lirggamensamer Gleu@ CrisHung allemoLi
2 epwmholenT.ciq CWeT Bogl FRsSS e
cUTETENTULD FRIGSHle &DhldCHTeTasamemud
crerng) 2 apulled r(HSSHMISCHSRT. HEHEELD
GBI  (PSOMDEST Serng 2 enrulled
S (HLOTETSFIEND LSS LOTHE 2 T&HSemer
LanT&emed (PSS LIBISTHDIeUS
SRESNGSCHT(H DT BT FhHIHHHeTn
CargananaamemiLd Seneml (LPWhEser
CupGsreremiuBin eTen 2 miGuleane
segl 2 eruled GOLULILL g oeereurg)
urgriigenels GUHmE).  omewTLLOl@, omewTLLlE,
Apliy almpalert . CoHeusa T euTser
B (H weoeny CeuemMUiL () 2 enFwrdmleTir.
(PBOBTET HerBlEpESs6T, Qre| al(mHbgl
2(Garam gL Ll eroum Gleuwnuiul L g.
GTERTLMOBIGT , PPGTDILD BIET &(hHSSIEISBISET
2(Caram L Leled ermumb Gleuwnuiul L g.
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Qrewt(h BILseT HenLCLDHD &(HSSTEISEISET
BTl ( Urgildlset Lwerbumd euensuiled
SI@LWLUILIL L 6. eTenmil SEHU BSTLILD
Cuwurl () CFwereTT &HSSIEMS GleUshs
aeusaTT. LeGaln semeliLgemed oidle @nslw
Slerelled ANpHg CUESTETTSET, @ILIeID GUTWIHS
QumplwrerigeT @rewr( BT &6T Henl_GLmm
S(HSSTEGSID 2 eIuTHOleT. GQreuLTOBI6T
Qre| s HEPFFLW, BB L Clagrl L mer
QL LD  EPETDHIOBIET OTE HISLHES S6T
Brey el®Bpal 51 GULdlad gpuThse
Ceviwiul L e, epeTn BT &6T BHHLH6SH@EHLD
S|ETEU(HENL LITFTL@LW|LD, LG
Bleanpeneud QUMD HaPESSETTS DnLHSII
GTATOTG) i LlensWTasTgl. . SHowrblriiy
saaambuile LUIWsHameeu &OTHSlrT
SaTeECert(h Qeanhg eLieud eUTlibHs

@&ellenmmed wrpr( We Curbmisn@ T
CleudMISTLOTE LOTBILTEH HMWLHSFH. DSHHTS
parGearmguwing QFweUL L euT&6T Sl(HeuTeTiger
T, SWIWLRISTT, LDEOLITEH, BITFTULI6wT 6T,
Smagentiiur, M.RN. episd), alebeuprsrmel,
LS. Qg symisesrem, CUTETmeuiserT

GO SFSS0UTSHET. cTeTEUDHMIDHEGHL
Cers oa@Tan STHTL& @ULIBSSSTTTS6T
FRIGSHMEET HLOG FRIGSSI6T (LPeTemaT
SFle QBEHLFMmOEUT HMILD STLILTETT S
AS. Setenamdl grem®  jeuisem oL

vl rprligar Ceupmls@ (PpasHw LRSTS
SIMHSHF TR BETOILL_ 6T Hlenemeys
FD5SHEH.

Cogid Hlenemeuamaser GG (HLd

SUDOKU

November Issue - SUDOKU - 4&l(paaEmen allen

5 8 2|9|1|4|7) 3|6
9/3/6(2 5 7|4 8|1
1.4 7683|2589
71613 9 5|8 4|2
412/ 8[1|]6[1]13 95
3 /9 /9|42 8|6 1|7
8 5 3|1|7|6|9 2 4
217 /4(5/83/9|1,638
61,98 4 25|13

December Issue - SUDOKU - Lglir

3 2 9
4 1
9 1
9 8
9 6
2 9
6 1 9 4
6|7 1
[ 1
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2015 - GleuaTerd - e, 6riiLiig?

M. Karthikeyan, BAI
All India Past President
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SOUTHERN BUILDER ADVERTISEMENT TARIFF

We request you to patronize the issues by providing your advertisements, to promote your products on
our Southern Builder Magazine for the year 2015-16

S.No. Description Rate Per issue Rs (on eR '?it;gel’ra?/m]:r:?) Rs
1 Multi Colour A4 Size - Rear Cover outer 25,000 Rs. 2,50,000
2 Multi Colour A4 size - Front/Rear Inner 15,000 Rs. 1,50,000
3 Multi colour A4 size - Inner page 12, 500 Rs.1,25,000
4 Multicolour half size - Inner Page 7,500 Rs. 75,000
5 Black & White A4 size - Inner page 10,000 Rs.1,00,000
6 Black & White half size - Inner Page 6,000 Rs. 60,000

Thanking you in anticipation your early response.
With regards,

K. Venkatesan
Hon. Secretary

—@ Southern
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Regulation for Group
Developments

S. Ramaprabhu, Joint Secretary

Multi — Storeyed Building:-

Explanation:-

To be continued..,

(10) Fire safety, detection and extinguishing systems:

(a) All building in their design and construction shall be
such as to contribute to and ensure individually and
collectively and the safety of life from fire, smoke,
fumes and also panic arising from these or similar
other causes.

(b) In building of such size, arrangement or occupancy
that a fire may not itself provide adequate warning
to occupants, automatic fire detecting and alarming
facilities shall be provided where necessary to warn
occupants or the existence of fires, so that they may
escape, or to facilitate the orderly conduct of fire
exit drills.

(c) Fire protecting and extinguishing system shall con-
form to accepted standards and shall be installed in
accordance with good practice as recommended
in the National Building Code of India, (amended
from time to time) and to the satisfaction of the Di-
rector of Fire and Rescue Services by obtaining a
no objection certificate from him.

(11) In cases of residential developments exceeding
100 dwelling units in primary residential use zone,
commercial and institutional uses not exceeding
10 percent of the floor area of the building at lower
habitable floor levels, may be allowed (not for any
industrial use) as incidental uses required for the
occupants of the remaining residential develop-
ments within the premises.

(12)The design and plans of the buildings shall be
made and signed by a qualified Civil or Structural
Engineer and an Architect who should possess the
qualification referred to in the Architect Act, 1972
(Central Act 20, 1972), so as to become a member
of the profession of Architects under the provisions
of the said Act. The qualified Engineer or Structural
Engineer should also be Class | licensed Surveyor

registered with Corporation of Chennai / Local body
concerned.

(13) Improvement charges:- The cost of laying/ im-
provements to the systems in respect of road /
water supply, sewerage / drainage / electric power
supply that may be required as assessed by the
competent authority, viz., corporation of Chennai /
Chennai Metropolitan Water Supply and Sewerage
Board / Tamil nadu Electricity Board shall be borne
by the applicant.

(14) Security deposits:- The applicant shall deposit a
sum at the rate of ¥ 100 per square metres of floor
area as a refundable non-interest earning security
and earnest deposit. The deposit shall be refunded
on completion of development as per the approved
plan as certified by Chennai Metropolitan Develop-
ment Authority; if not, it would be forfeited.

(15) Display Board:-

(a) The details of the development for which planning
permission issued, date of expiry of permit etc.,
shall be displayed in the format prescribed by the
Authority on a board of size at least 60cm x 120cm.

(b) The applicant shall pay a sum of ¥ 10, 000/-(rupees
ten thousand only) as earnest money noninterest
bearing refundable deposit and same should be
utilized for the purpose of installing the prescribed
size board on the site by CMDA, in the event of the
applicant not fulfilling the conditions stated in (a)
above. If applicant fulfills the conditions (a) above,
the deposit shall be refunded of the completion cer-
tificate.

(16) In a sewerage system provided by the Metro water
/ Local body concerned is not available:-

(@) Where number of dwelling units exceeds 50 nos. or
2500 sg.m. of commercial area (for this purpose 50
sg.m. is equated to one dwelling unit) sewage treat-
ment plant shall be provided and maintained for the
disposal of the sewage within the site itself with pri-
or clearance from the Pollution Control Board on
location and design;
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(b) Where number of dwelling units is less than 50 nos.
or 2500 sg.m. of commercial area, septic tank with
up-flow filters shall be provided and maintained for
the disposal of the sewage within the site itself.

(17) In cases where the extent of the site where resi-
dential or predominantly residential developments
proposed exceeds 10000 sg.m. (1 hectare), the de-
veloper shall reserve minimum ten percent of the
site area (excluding roads if any handed over to
local body) and provide housing thereon for lower
income groups with dwelling units not exceeding
45 sg.metres in floor area each, either within the
site proposed for MSB development or in a loca-
tion within a radius of 2k.m. from the site under ref-
erence. The developer or promoter or owner shall
sell these small dwellings only for this purpose. No
conversion or amalgamation shall be permissible in
these cases of lower income group dwellings.

(18)In residential / predominantly residential develop-
ments with dwelling units exceeding 100 in num-
ber, the design should include waste management
infrastructure and at least a closed non polluting
storage provision for solid waste storage within the
premises preferably with direct access from the
abutting road shall be provided so that the local
body can collect this stored waste from it.

(19)In the interest of the public for better circulation
in the area and also to ensure that the proposed
development does not block access to the proper-
ties around, in cases of large developments where
link roads have to be provided for connectivity to
the adjoining lands areas, through the site applied
for development, the Authority reserves the right to
insist the applicant to set apart such road spaces
within the site and the applicant shall hand over the
same free of cost through a registered gift deed
to the authority or Local body designated by it for
declaring if as public road. In such cases set back
from these roads to the buildings proposed shall be
provided as prescribed in these regulations.

(20)The space set apart for formation of a new road
as per Master Plan or Detailed Development Plan
or road widening / street alignment shall be trans-
ferred to the Authority or the Agency or the Local
Body designated by the Authority through a regis-
tered Gift Deed before actual issuance of planning
permission. The exact mode of conveyance of the
land shall be consistent with the relevant enactment
and regulations. In such cases ‘Transfer of Devel-
opment Rights’ (TDR) certificate may be obtained

—@

to the extent eligible as per regulations given in the
Annexure XXI.

(21)Rain water harvesting provisions as prescribed in
the regulations given in Annexure XIX shall be pro-
vided.

(22)Solar energy capture provisions as prescribed in
the regulations given in Annexure XXIIl shall be pro-
vided where applicable.

(23)Civil Aviation height and activity restrictions stated
in the regulation no. 24(4)(c) shall be adhered to.
In cases where helipads are proposed at terrace
of commercial / industrial multistoreyed buildings,
clearance of civil aviation department shall be pro-
duced.

(24)Special regulations for physically disabled stated
in the regulations given in Annexure XXII shall be
adhered to.

(25) Areas set apart for multi- storeyed building devel-
opments are given in the Annexure IX.

(26) Scrutiny of the plan- The plan shall be scrutinized
and forwarded to Government, with recommenda-
tion of a panel comprising of the following members
for approval.

() Members- secretary, Chennai Metropolitan Devel-
opment Authority — Chairman

(ii) Director of Fire and Rescue Service — Member.

(iii) Engineering Director, Chennai Metropolitan Water
Supply and Sewerage Board - Member.

(iv) Chief Engineer, Corporation of Chennai — Member

(v) Chief Engineer, Tamil nadu Electricity Board, Chen-
nai — Member

(vi) Chief Planner, Chennai Metropolitan Development
authority — Member

(vii) Joint Commissioner of Police (Traffic, Chennai) —
Member

(viii) Concerned engineer from the local body (other
than Corporation of Chennai) —
special invite

(ix) Senior Planner, Chennai Metropolitan Development
Authority — Member Convener

Any suggestions of alterations recommended by
the panel and approved by the Government shall
be incorporated in the plans.

Courtesy: CMDA...... To be continued......
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Tax Corner

S. D. Kannan, Chairman,
Taxation Committee
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Problems on Marble, Granite,

Limestone and Other

Decorative stone

Dr. L. Ramajeyam
Ph.D.,M.E.(struct).,FI.E.,FLV.,MISTE,C.Engg.(Ind).
Structural Engineer

Dean Civil Engineering

Meenakshi Sundararajan Engineering College
Former Principal

PT.Lee.Chengalvaraya Naicker Polytechnic College

Marble: Characteristics

Marble is an extremely hard, metamorphic stone
composed of calcite (CaCO3). It is formed as a result
of the recrystallization of limestone under the intense
pressure and heat of geologic processes. The effect
of this process is the creation of a stone with a very
tight crystalline structure and small but definite poros-
ity. Because of its structure, marble can take a very
high polish and is a very popular decorative stone for
architectural and sculptural uses. The limited porosi-
ty of marble, especially polished marble, makes it less
vulnerable to the leaching effects of water. Calcium
carbonate, however, of which marble is composed, is
highly susceptible to attack by acidic agents. Marble
is readily dissolved by acids, even very dilute acids,
however the actual results of acidic exposure will vary
with the nature of the acid. Chlorides, nitrates, sulfates
and other chemical compounds react differently with
marble and produce various by-products, which have
a wide range of solubility and impact on the durability
of marble. For this reason, it is always important to
determine the exact type of pollutants causing marble
deterioration.

Marble itself can be of two types, one composed
of calcite and the other of dolomite. Dolomitic marble
is much more resistant to acid attack than calcite mar-
ble. The color of marble ranges from the brilliant white
of calcite to black, including blue-gray, red, yellow and
green, depending upon the mineral composition.

The Ten Most Common Stone Problems

Marble, granite, limestone and other decorative
stone are durable materials that will last a life time.
However, if not installed correctly or properly cared for,
will experience problems that will shorten its life. The

following ten problems are the most common in deal-
ing with stone.

1. Loss of shine
Loss of Shine

The loss of the high polish on certain marble and
granite can be attributed to wear. This is especially
true of marble, since it is much softer then granite. The
bottoms of ones shoe acts like sandpaper on a stone
floor surface and over time will wear the polish off. To
prevent excessive wear it is important to keep the floor
dust mopped, place walk off mats at all entrances. To
repair a worn stone surface, it will be necessary to have
a professional hone and polish it.

Etching

The dull spot created when liquids containing ac-
ids are spilled on marble is called etching. Marble and
limestone etch very easily. Granite is more acid-resis-
tance and will rarely etch. To prevent etching, avoid
using cleaners and chemicals that contain acids. Bath-
room cleaners, toilet bowl cleaners and lemon clean-
ers commonly contain acids. Certain drinks and foods
contain acids and will also etch. Light etching can be
removed with a little marble polishing powder. Deep
etching will require resurfacing of the stone.

Staining

All stone surfaces can become stained very easily.
Most foods, drinks, ink, oil and rust will stain marble.
Once a stone becomes stained, it can be very difficult
to remove. To prevent staining clean the spilled ma-
terial as soon as possible. Blot the spill with a clean
paper towel or cloth. If this does not remove the stain
then a process called “poulticing” may be needed.
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To prevent staining, sealing the stone with a good
quality penetrating http://www.nsraweb.com/autolink.
php?id=6&script=showthread&forumid=30 proven
sealers to be used.

Efflorescence

Efflorescence appears as a white powdery residue
on the surface of the stone. Itis a common condition on
new stone installations or when the stone is exposed to
a large quantity of water, such as flooding. This powder
is a mineral salt from the setting bed. To remove efflo-
rescence do not use water, buff the stone with a clean
polishing or steel wool pad. The stone will continue to
effloresce until it is completely dry. This drying process
can take several days to as long as one year.

Spalling, Flaking & Pitting

If your stone is developing small pits or small pieces
of stone are popping off the surface(spalling) then you
have a problem. This condition is common on stone ex-
posed to large amounts of water or when deicing salts
are used for ice removal. Like efflorescence, mineral
salts are the cause for spalling and pitting. Instead of
the salts depositing on the surface(efflorescence) they
deposit below the surface of the stone, causing pres-
sure within the stone and therefore the stone spalls,
flakes or pits. Unfortunately once a stone begins to
spall it is almost impossible to repair. It is recommend-
ed that the stone be replaced.

Yellowing

There are several reasons why a stone will turn yel-
low: Embedded dirt and grime can give the stone a yel-
low, dingy look. Waxes and other coatings can yellow
with age. Certain stones will naturally yellow with age.
This is caused by oxidation of iron within the stone and
especially problematic with white marbles.

If the yellowing is caused by dirt or wax build up,
clean the stone with an alkaline cleaner or wax stripper.
If the yellowing is the result of aged stone or iron oxida-
tion, live with it, it is not coming out.

Uneven Tile-Lippage

Lippage is the term given to tiles that are set un-
evenly. In other words the edge of one tile is higher
than the next. Lippage is the result of a poor instal-
lation. If the lippage is higher than the thickness of a
nickel, it is considered excessive and the tile will have
to be ground to flatten the floor. This will require the
services of a professional stone refinishing contractor.
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Cracks

Cracks in stone tiles can be caused by settling,
poor installation, excessive vibration.

Cracks can sometimes be repaired by filling with
a color matched polyester or epoxy. Before a crack is
repaired, it is wise to find out how and why the cracked
occurred in the first place otherwise it may crack again.

White stun Marks

Stun marks appear as white marks on the surface
of the stone and are common in certain types of mar-
ble. These stuns are the result of tiny explosions inside
the crystal of the stone. Pin point pressures placed on
the marble cause these marks. Women's high heels
or blunt pointed instruments are common reasons for
stun marks.

Stun marks can be difficult to remove. Grinding
and/or honing can reduce the number of stuns, but
some travel through the entire thickness of the stone.

Water Rings/Spots

Water rings and spots are very common on marble
table tops. These spots are hard water minerals such
as calcium and magnesium. These minerals are left
behind when the water evaporates leaving a ring or a
spot. To remove these spots use a marble polishing
powder. Deep spots may require honing. To prevent
spots on counters and table tops, frequently apply a
good stone paste wax.

Other Stone Problems

Many problems can occur with stone surfaces. The
above ten are the most common. The following is a
quick problem solving technique that will help identify
other stone problems that might be encountered.

1. Identify the problem- Is it discolored, etched,
cracked or what?

2. Cause of the problem- What happened to cause
the problem? Identifying the cause will often lead to
the solution.

3. Stone Type- Identify the stone type. Is it marble,
granite, limestone, slate, etc.?

4. Installation- check the installation, is it installed
properly?

5. Age- How long has the problem existed? Old prob-
lems are difficult to impossible to cure.
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Urban Mobility and
Challenges

Colonel. P Nallathambi
ME (Structural Engg), MBA, FIE, FIV,
Principal Structural Consultant, Sakthi Consultancy Pvt. Ltd.

Transport and Mobility

The world in 21st century is facing urbanization
challenges which is owes to the concentration of pop-
ulation in dense urban regions. As the cities expand,
there is a consequential expansion of transportation
needs. Urbanisation brings with it increased affluence
which results in increased mobility. There is daily mo-
bility of people from their homes to the work place, to
accomplish domestic needs and undertake journeys
for social needs such as visiting friends and shopping.
The cities can sustain only if they can ensure viable and
efficient transport systems.

As India is becoming urbanized, urban areas play
a critical role in sustaining economic growth. City ef-
ficiency largely depends upon the effectiveness of its
transport systems. Poor transport systems results to
stifle economic growth and development. Thus , trans-
port is backbone of country’s development.

Transport demand in most of the Indian cities has
increased substantially due to increase in population
as a result of both natural increase and migration from
rural areas and smaller towns. Availability of motorized
transport, increase in household income, and increase
in commercial and industrial activities has further add-
ed to it. Unfortunately, public transport systems in In-
dian cities have not been able to keep pace with the
rapid and substantial increase in travel demand. Rail
based public transport services and well-organized
bus transport services are limited to few big cities
only. Qualitatively, the available public transport ser-
vices are overcrowded particularly during peak hours
and involve long waiting periods. As a result, there is a
massive shift towards personalized transport, specially
cars and two-wheelers, and also proliferation of various
types of intermediate public transport modes, such as
auto-rickshaws and taxis.

The use of cycle in a city is drastically reduced. The
traffic problem in city is increasing with every passing
day. The fatality rate is very high due to bad condition

of city roads. Encroachment on footpaths that contrib-
utes to poor discipline in pedestrians who are forced to
use roads to walk. Auto drivers are the curse in the city
as they dominate the roads and take dangerous cuts
to go ahead and risks the lives of their passengers.

State of Vehicles in India

Indian will have about 8 Mega cities more than 100
Lakhs and 200 cities more than 2 Lakhs population by
2014. Many tier Il & Il cities in all the states are urban-
izing and growing rapidly drawing lots of people from
villages /towns with increased access to jobs, educa-
tion and urban facilities.

Currently status is 12 motor vehicles per 100 per-
sons in India. India is one of the country which is hav-
ing largest automotive industry and growing fast in the
world. India manufactures over 110 Lakhs of 2 and
4-wheeled vehicles and exports about 15 Lakhs vehi-
cle every year. As of 2009, India is home to 400 Lakhs
passenger vehicles and more than 26 lakhs cars were
sold in India in 2009. There is proper planning in cities
to handle such a huge volume of traffic in India. But
there are not many institutions to think and speak on
how cities and transportation can go in an organized
and integrated fashion. It is a tribute to India that it is
still working!

Mode of Transports in Metro

There are large number of mode of transportation is
available in metro. They are:

* Cycle

* Motor Cycles

e Individual Cars

e Cab

e Auto Rickshaws

e Share Autos

e Company / College Bus
e Private Bus

*  Government Bus

e Long Distance Trains
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e Local Trains
* Mass Rapid Transport System (MRTS)
e Metro Trains

All these mode of transport are operating inde-
pendently in limited road facility in metro. There is
a need to integrate and regulate all these transport
modes for smooth operation in urban areas.

Fig 1. Transportation Problems

Causes of Transport Problems

Transportation in urban area cause lots of problem
to the public. Some of the problems are high lighted
below:

e Increasing urban population due to employment,
education and opportunities.

e There has been a staggering 100 fold increase in
the population of motorized vehicles, however, the
expansion in the road network has not been com-
mensurate with this increase.

» Pollution due to use of low quality fuels.

e Poor quality of roads cause more accidents.
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e Motorization will continue to grow faster than the
population because of economic and motorization
growth. (ie more than 10%/year for sale of cars and
2/3 wheelers over the past 5 years).

e Traffic congestion and parking difficulties- access-
ing jobs, education, recreation and similar activities
is becoming increasingly time consuming. Billions
of man hours are lost with people “stuck in traffic”.

* More numbers of vehicle cause increased fuel con-
sumption , increasing levels of noise and air pollu-
tion, cost of travel and safety issues

Cycle of Automobile Dependency

A chain of activity which are having inter-dependen-
cy between each other in urban transportation. If one
link get broken then it will cause serious problems to
the other activity. It is necessary to balance all these ac-
tivities and manage them well. The cycle of automobile
dependency is shown in Fig 2.

Fig 2. Cycle of Automobile Dependency
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Population and Vehicle Growth in Chennai

The table 1 shows the growth of population over a
century and the growth of vehicles over two decade
in Chennai. The rate of growth of vehicle is very high
and there is no adequate intrastate facility to absorb
the vehicle growth. Narrow and poor quality of roads,
lack of road discipline, lack of road drainage system
etc causing serious concern to the urban mobility.

Population of Chennai city
Census Pop. Yot
1791 300,000 -
1871 367,552 -
1881 405,848 10.4%
1891 452,518 11.5%
1901 509,346 12.6%
1911 518,660 1.8%
1921 526,911 1.6%
1931 647,232 22.8%
1941 777,481 20.1%
1951 1,416,056 82.1%
1961 1,729,141 22.1%
1971 2,469,449 42.8%
1981 3,266,034 32.3%
1991 3,841,396 17.6%
2001 4,343,645 13.1%
2011 6,500,000 49.6%
Year Total registered vehicles
1981 120,000
1986 228,000
1991 544,000
1996 812,000
1998 975,000
2012 3,760,000

Table 1 : Population and Vehicle Growth in Chennai

Suggestions to Improve Urban Mobility

For a sustainable grown of a country and favorable
living conditions of the people in urban area need grat-
er mobility potential. Few suggestions for improving
mobility in urban areas are:

* Increase average speed of public transport buses
— Bus priority Lanes, Direction oriented services
systems.

* Transit planning / transportation hubs.

e Government policy and cycling routes (inter-modal
connectivity)

* Additional parking and development of parking pol-
icy.

* Use of railways to move large section of urban pop-
ulation — Metro rail, mono rail and commuter rail
services to suburban areas.

* Use of ITS to optimize the services and occupancy
of vehicles.

» Strategies to handle Traffic chaos of heterogeneous
mix of bullock carts to Volvo buses.

* Need for integrated study for city’s traffic and trans-
portation needs - Creation of Traffic Engineering
Cell to collect necessary data.

* Increase awareness about Safety on roads to com-
mon public.

e Improvement of side walks - Integrating Hawkers
and Vendors who have occupied the side walks.

* Trees on Roads / pavements — Some trees need to
be cut for better visibility and mobility ??

* Driver education, safety and awareness programmes.

Solution to Urban Mobility

Urban mobility is a very complex issue. There is
no direct solution to resolve the problems. We have
to think in all dimensions to control, develop and sus-
tainable modes of transportation. Certain methods are
highlighted below:

e Creating sustainable transport and infrastructure.

* Developing a framework for achieving sustainable
urban transport.

* Creating new culture for urban mobility.

e |dentifying the needs for urban mobility in India.

* Increasing the facilities for walking and cycling.

» Discouraging the use of private cars.

e Focusing on mass transport.

Creation of Sustainable Transport

* Integrate city development strategies — Integrated
Metropolitan Land transport authority.

* Sustainable transport policies to meet the demand
by creating additional infrastructures (construction
of underpasses, flyovers, road widening works, etc.)

¢ Technocratic advice to Government bodies.

» Effective Integrated transport planning and modal
connectivity’s.

* Data base about the success and failure of imple-
mentation in achieving policy goals.
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Framework for Achieving Sustainable Urban Trans-
port

Planning

Vision for a livable city and city master plan.
Land use planning.
Transport master plan.

Design Integrated Transport Systems

Public transport — commuter rail, metro rail, mono
rail, commuter rail, city buses, taxis, autos.

Inter- modal Transportation Hubs to connect differ-
ent modes.

Promotion of Walking and cycling.

Private vehicles.

Trucks and freight movement.

Analysis

Political.
Economic.
Social.
Technical.
Environmental.

Implementation and Monitoring

Technical support.
Stakeholder involvement.
Institutional setup.
Capacity.

Policies.

Financing.

New Culture for Urban Mobility

It is necessary to create a culture in metro for
smooth and disciplined transportation. Certain method
of creating new cultures are highlighted below:

Shared Cars Policies

Shared taxis/autos.

Optimization of the use of private cars —
car sharing/car pools.

Promotion of walking and cycling.

Smarter Urban Transport

High quality information for better mobility.
Intelligent transport systems and traffic
management.

Smart charging.

Better Organized Freight Transport

Accessible Urban Transport

Collective transport accessible and
affordable for all citizens.

Interconnection of urban and sub-urban
networks.

Co-modality: optimization and integration
of transport modes.

Greener Towns And Cities

New technologies to increase energy
efficiency, increased use of alternative
fuels.

Green procurement.

Traffic restrictions and green zones
Eco-driving.

Safety And Security In Urban Transport

Safer behaviour, infrastructures

and vehicles.

Cross-border enforcement of traffic
sanctions.

Facing security as a growing threat

A New Culture For Urban Mobility

Change of behaviour by education, training and
awareness, raising , supported by better data and in-
formation about urban mobility.

Conclusion

Urban mobility and transportation problems are
very important and complex issues, which needs to
be addressed seriously by the government authorities.
Public in urban areas have lots of social responsibili-
ty and need to co-operate with the government agen-
cies to implement necessary steps to maintain smooth
transportation and happy living in metro.

We can not talk about urban transport until we
know what kind of a city we want, and to talk about
the kind of city we want, we have to know how we
want to live”

—————— Enrique Penalosa

Once the roads and fly- overs are built, the bike
paths are taken out and the cars are on the road, the
metros have been commissioned, ....it will become
increasingly difficult to re-orient transport towards a
more sustainable path. The time to act is now!

—————— Cornie Huizenga
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Combining 3D-Printing with Fibrous
Materials — Approaches to Novel
Multi-Material Objects

Andrea Ehrmann, Bielefeld University of Applied Sciences,
Faculty of Engineering Sciences and Mathematics, Germany

Abstract: 3D printing nowadays is more and more often used not only
for rapid prototyping but also for rapid manufacturing. 3D printing is of
special interest if small numbers of small objects shall be produced in
a short time. On the other hand, certain shapes can only be produced
in this way, such as small objects integrated in larger ones without the
possibility to be taken out of the outer “cage”. FDM (fused deposition
modelling) printing which is most often used in low-cost 3D printers and
thus most important for small companies, however, lacks the mechanical
stability which can be gained in other production processes, e.g. injection
molding. One possibility to overcome this problem is the combination of
3D printing with other materials, such as metal sheets, textile fabrics or
other 2D planes as well as wires, yarns and similar 1D objects. This article
gives an overview of recent attempts to integrate different textile-based
objects in 3D printed forms and the mechanical properties of the resulting
fiber-reinforced composites.

Rapid prototyping and rapid manufacturing systems often use solids,
e.g. selective sintering from powder, inkjet-like printing with thermoplas-
tics, or fused deposition modelling (FDM), a technique established by
Stratasys (Minnesota) firstly [1]. The latter is of large importance for in-
expensive 3D printers which are developed especially for private use or
small companies, allowing them to evaluate the possibilities of 3D print-
ing without large investments. It is based on an extruder nozzle which is
resistively heated and melts the filaments which are transported through
the nozzle. The molten material is deposited on the printing bed before the
atter is lowered and the next layer can be printed [2].

Most recent FDM printers can handle diverse filament materials, such
as ABS (acrylonitrile butadiene styrene), PLA (polyactic acid), polyamide,
polyethylene, polypropylene, polycarbonate, or wax [3]. Special materials
allow for the creation of objects with a look similar to wood, brick etc.,
which is supportive especially for architects. Other filaments, such as Lay
Tekkks (produced by Kai Parthy, CC-Products, Cologne / Germany), com-
bine two materials with different mechanical properties, with the possibil-
ity to dissolve the harder parts in water afterwards in order to gain a soft,
open-pored structure [4].

For different filament materials, extruder and printing bed temperature
as well as printing speed and other parameters have to be chosen carefully
to obtain satisfying results. In some cases, the adhesion of the first layer
on the vitreous printing bed has to be optimized by gluing a special plastic
sheet on the glass.

Experimental

Geometrical objects for 3D printing were created in different CAD pro-
grams, such as Autodesk Inventor, BlenderTM, or SketchUp, and exported
as STL (Surface Tellelation Language) file. If corrections of the resulting
models were necessary, e.g. if the 3D models were not “watertight” (i.e.

contained undesired holes) or the surface normal pointed inwards errone-
ously, they could be performed by the program netfabb [5].

All samples shown in this article were prepared with the FDM printer
X400 produced by German RepRap.

The following filaments with the respective printer settings were used:
PLA and PLA soft(extruder temperature 211°C and printing bed tempera-
ture 63°C), Ninja Flex (temperatures 213°C / 25°C), and ABS produced by
Filament world (temperatures 245°C / 90°C).

As fibrous components, the following materials were used: the carbon
fiber yarns HTA 3K (3000 filaments, 200 tex), HTA 6K (6000 filaments,
400 tex) and HTS 12K (12,000 filaments, 800 tex) produced by Toho
Tenax Europe GmbH; PMMA fibers of diameters 0.25 mm and 1 mm with
fluorinated polymer cladding, i.e. optical fibers; a carbon fiber woven fab-
ric (80 g/m2, plain weave, printing parallel to warp or weft); and a polyes-
ter (PES) net fabric.

Integration of 1D Objects in 3D Printed Forms

1D objects can consist of one single filament or wire, or of a larger
number of filaments, composing a fiber bundle or a yarn. Experiments
were carried out with optical fibers from PMMA, representing the sin-
gle-filament type of 1D objects. Opposite to some wires, optical fibers
have a high bending stiffness. If they are bought on small coils, their
bending radius is identical to that of the coil. Thus, especially thicker opti-
cal fibers must be straightened first by simultaneous heating and drawing,
if they are planned to be placed in a linear channel in the 3D object. Else
the fiber can turn up due to the heat of the extruder nozzle, finally touching
the nozzle and being dragged out of the channel. For thinner fibers, fixing
them on the printing bed outside the 3D form may be sufficient. Since
heating the PMMA fiber can change its shape, reducing the printing speed
allows the single layers to cool down appropriately before the optical fiber
is embedded [6].

Fig. 1 shows an example of 3D printing with PLA hard and both PMMA

Fig. 1: PLA printed squares with
integrated optical fibers which are
still able to guide light after heat
treatment and printing process.

Fig. 2: 3D printed object from hard
PLA with embedded carbon yarn
HTA 6K. Photograph: C. Richter, S.
Schmuilling.
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fiber diameters. The optical fibers cannot be pulled out of the 3D printed
squares by hand. Additionally, their functionality is not influenced by the
whole process of linearization and printing. Apparently optical fibers can
be integrated in 3D printed elements in this way.

While integration of a PMMA fiber was used as an example of embed-
ding functional structures in 3D objects (similar to conductive wires etc.),
fiber bundles or yarns can be used to modify the mechanical properties
of a 3D element and to fix it on a textile fabric or a garment. Since carbon
fibers are a typical part of fiber-reinforced composites, carbon fiber yarns
of different filament numbers were integrated in square 3D printed objects.

Fig. 2 shows the resulting 3D element made from PLA (hard) with
embedded carbon fiber yarns HTA 6K. While for this material combina-
tion, the carbon yarns were well fixed inside the PLA squares and could
not be drawn out by hand, embedding carbon yarns in soft PLA was less
successful. The softer material suffers from reduced shape stability due
to lateral displacements of the printed layers with respect to former ones.
This result in the carbon fibers being easily drawn out of the 3D element.
For this material combination, future research has to show whether better
results can be obtained by combining soft PLA with twisted textiles yarns
6].

In both cases, the shape of the channels which are used to embed the
1D objects is crucial for the resulting model. If these gaps are too low, the
filaments or yarns will protrude from the printed surface and collide with
the nozzle when the next layer is printed. If the gaps are too high, friction
between both materials will be significantly reduced, and the embedded

Fig. 3: Rounded lower corners of the chan-
nel for integration of yarns of filaments.
Sketch: C. Richter, S. Schmdlling.

Fig. 4: Abrasion test (Mar-
tindale test) of PLA printed
form on PES net.

filament or yarn can easily be pulled out off the 3D object. Tests have
shown that the channels should ideally be rounded at the lower corners to
enhance adhesion between 3D printed material and embedded cylindrical
objects (Fig. 3)

Integration of 2D Objects in 3D Printed Forms

2D layers can also be embedded in FDM printed objects. Since first
tests have shown that the adhesion between a textile base material and a
3D print on top results in low adhesion forces between both materials,
we firstly concentrated on printing “through” net-like textiles, i.e. placing
a net between two printed layers. Only thin nets were used to avoid the
above described problems concerning collisions between textile material
and printer nozzle.

Fig. 4 depicts a Martindale abrasion test according to standard ISO
12947-1, performed on a sandwich structure (3 layers PLA soft, PES net,
3 layers PLA soft) of overall thickness 2 mm. Due to the open-pored net
structure, the layers below and above the textile are joined in the printing
process, so that the lateral forces of the Martindale tester do not destroy or
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damage the printed structure [7]. Further experiments with higher printed
layers as well as separation force tests according to standard ISO 53530
showed that in this constellation, the adhesion forces between the printed
layers above and below the net were always stronger than the net itself; in
all cases, the tests ended with the destruction of the net fabric [7].

Despite these positive results, microscopic pictures of cross sec-
tions of PLA-net-PLA sandwich structures show that the printed layers
are laterally shifted with respect to their neighbors, as described before
for soft PLA as filament material (Fig. 5). While the black net threads are
embedded in the white PLA and well connected with the matrix, only the
very first layer consists of completely fused lines, resulting in one closed
layer directly on the hot printing bed, while the printed lines in all other
layers can still be distinguished and show varying connection areas with
partly large holes between the single lines. These problems seem to in-
crease with increasing number of layers. It should be mentioned that this
issue has to be solved, e.g. by printing PLA using a “hot room” instead
of a hot printing bed which only influences the first layer, to enhance the
mechanical properties inside 3D printed objects.

Finally, in analogy to the aforementioned tests with carbon fiber yarns,
carbon fiber woven fabrics were integrated into 3D printed forms from ABS
to enhance the tensile strength of the 3D printed form (Fig. 6). These sam-
ples were testes by a bending test according to DIN EN I1SO 14125:2011-
05 which is typically used for fiber-reinforced composites. Opposite to
such composites, the maximum deformation was significantly increased,
while the maximum bending stress to reach this deformation was strongly
reduced. In all cases, the included carbon fiber woven fabrics prevented
the samples from breaking [8]. Apparently embedding woven fabrics in
3D printed objects does not result in a closed matrix, surrounding the
carbon fibers, as in fiber-reinforced composites. The new multi-material
system shows other properties due to the remaining flexibility of the fibers
in the woven fabric, most of which are not in contact with the 3D printing
material. In this way, tensile strength can be combined with high flexibility.

Conclusion

3D printed elements, created with the FDM technology, can be com-
bined with filaments or yarns as well as with textile fabrics to include
desired functionalities (e.g. by embedding optical fibers) or to enhance
the mechanical properties of the resulting multi-material objects. The
adhesive forces between both parts depend not only on the materials
themselves but also on the geometries of both mixture partners which
can be used to enhance friction between them. For embedded fabrics, the
mechanical properties significantly differ, depending on whether the 3D
printed layers above and below the integrated textile get in contact or not.
In the latter case, sandwich structures with high tensile strength and high
flexibility are created, opposite to common fiber-reinforced composites.

The examples described here show the broad variety of possibilities
to create new material systems with novel characteristics. Although adhe-
sion forces between the combined materials are sometimes undesirably
low, sophisticated solutions can often be found to develop objects with
the desired mechanical properties.
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