g&MQWWw TR ARNATNATALCRACLANAWNLN /UG

AT FZIGY WIEAT [T SqeEeT amran’t
L.B.S. National Academy of Administration

W

RURBRAURRINGNI

s

LIBRARY ]\O‘ ] 2
yarfeg gear

Accession No. _w%
arr qeqr

Class No. é 30
g&raﬁ geqT

—8
i
Bui g

S SN O MU RIS IO SRR e S0 SRO S oS0 Sl Blaidie oo )

mw o






THE BUILDING
EDUCATOR

A COMPREHENSIVE, PRACTICAL AND AUTHORITATIVE
GUIDE IFOR ALL ENGAGED IN THE BUILDING INDUSTRY

Edited by RICHARD GREENHAI.GH, A.LStruct.E.

ASSISTED BY A LARGE NUMBER OF SPECIALIST
CONTRIBUTORS

VOILLUME [

FULLY ILLUSTRATED WITH MANY PHOTOGRAPAS
AND DIAGRAMS

SIR ISAAC PITMAN & SONS, LTD.. PARKER STREET, KINGSWAY, \W.C.z
LONDON BATH MLELBOURNE TORONTO NEW YORK

1927




SCOPE OF THE EDUCATOR

SUBJECTS DEALT WITH

ARCHITECTURAL DESIGN
HISTORY OF ARCHITECTURL
CARPENTRY

Joinery

STRUCTURAL ENGINEERING
BRICKWORK

MASONRY

PLuMBING

IDRAINAGE AND SANITATION
SHOP-FITTING

STAIRCASING AND IHANDRAILING
ARCHITECT'S OFFICE AND RouTINIL
SPECIFICATIONS AND QUANTITIES
SUPERINTENDENCE
LABOUR-SAVING APPLIANCES
PRELIMINARY OPERATIONS

CiviL ENGINEERING

BuiLpiEr’s GEOMETRY

BUILDER’S ACCOUNTs aND CosTs
ARCHITECTURAL MODELS AND MODELLING
Towx PLANNING

ESTIMATING

PLAIN AND REINFORCED CONCRETE
IFIRE-RESTSTING CONSTRUCTION
BuiLpiING CALCULATIONS
BUILDER’S OFFICE AND ROUTINE
GAS-FITTING

HEATING AND VENTILATION
AcousTICs

EvLkcTRICAL FrrTiNG
PLASTERING

PPAINTING AND DECORATING
Roor COVERINGS

SURVEYING AND LEVELLING
BUILDING SCIENCE
ARCHITECTURAL DRAWING
CALCULUS FOR BUILDERS
GLAZING

Buirping Law

Lirrs

AMERICAN ARCHITECTURE
TRAINING AND OPPORTUNITIES

I.LIST OF CONTRIBUTORS

T. . BesNiar, FORB.AL Hon, F.LOB,
Professor F. C. Lea, D.Sc., M.Inst.C.E,
Professor HENRY Abawms, M.Inst.C.E., F.S.1.
WALTER R. JaGGarp, I.R.LB.A,

Sir Banister Fretcuer, F.RIL.BA., .51
Professor A. E. Ricuarpsoxn, F.R.ILB.A.

J. ALFRED Goten, M., F.R.LLB.A.

Sir Cuarres T. Rutnen, C.B.E, F.R.I.B.A.
Professor C. H. RELLy, I*.R.I.B.A.

Professor L. P, AnercroMBIe, M.AL, F.RILBA.

Professor Beresrorp Prre, MAL, F.RIB.A.
I'. E. Drury, M.Sc.Tech., M.LStruct. E.
Tnomas E. Scotr, A.R.I.LB.A.

R. I, GauBrarrn, 13.5¢., M. L.Struct. E.

R. J. RoGERs

I, Cuarces Ravnae, MULEE,

W. ARNOLD GREEN, M.A., B.Sc., A M.Inst.C L.
. H. Iaron, F.1LB.D.

T. CorkniLr, M.I.Struct. k., F.B.I.C.C.

Joun MiLLAr, P.AS.L., M.L.Struct.kE,

J. F. DowsgrT

Horacr W, Cusrrr, ARLLB.AL

C. H. Haxcock, F.BLC.C.

WiLriam BraBER

E. G. Warraxp

Hexry A. Mackwmiy, F.5.1., MLR.S.1,,

. VixcrENT BoucnToN

Hersert J. Axrtey, ALRLB.A., A LStruct.E.
HeNrY Cuarces Anams, M.Inst.C.E , F.R.San.l.
WILFRID L. KVERsHED, 1781,

RavMoxnp R. Burrer, M.Sc., A.LC., F.CS.
W. M. Keesey, ALR.ILLB.A., A R.C.A.
ROBERT G. LEGGE

P. J. LLuxrTox

IN. A. BrRapEN, AR.1.B.A.

J. Grananm, B.A,, B.E. (Hons.)

H. KeymperoN Dvysoxn, M.I.Struct. k.

Prrey Maxser, R.P,, ARSI,

I, Banister, AR LBA, ARCA.

Cren. FaBer, A.C.G.1.

AL G Hosreey, A DMLStruct k.

G. H. Cunurcn, MULE K.

I, B, Bexxerr, ALRILBLA.

ALEXANDER GOPDARD, C. B,

M. G. Kby, LS. A,

TaN MACALISTER, M.A.

I, R. YErBURY, Hon, A.R.LLB.A.

W, H. Assiln, FRILBA.



CONTENTS OF VOL. 1

Subject
CRAFTSMANSHIP IN BuIiLpiNg
HISTORY OF ARCHITECTURE .
[LAND SURVEYING AND LEVELLING
ARCHITECTURAL DESIGN
MASONRY
JOINERY
BRICKWORK
BUILDER'S GEOMETRY .
BUILDING SCIENCE
PAINTING AND DECORATING .
SPECIFICATIONS AND QUANTITIES .
PLUMBING
ROOF COVERINGS
ARCHITECT'S OFFICE AND ROUTINE
PRELIMINARY OPERATIONS
DRAINAGE AND SANITATION .
BUILDER'S OFFICE AND ROUTINE .
SUPERINTENDENCE
[OSTIMATING
GrAS-FITTING
TRAINING AND OPPORTUNITIES
Tue OriciN oF QUr ENcLISH Housks
STRUCTURAL ENGINEERING

T RELATION OF CONSTRUCTION TO DESIGN

ARCHITECTURAL. MODELS AND MODELLING
BUILDING CALCULATIONS

CIVIL [ONGINEERING

ARCHITECTURAL DRAWING

ELECTRICAL FITTING .
FIRE-RESISTING ( ONSTRUCTION

THeE TowN or THE FUTURE .

SCHOOLS OF ARCHITECTURE .

Pages
I
5,79, 127, 201, 303, 393
8, 89, 163, 273, 370, 406
10, 62, 153, 251, 345, 447
13, 73, 116, 168, 224, 2560, 300, 405
70, 100, 175, 200, 282, 312, 367, 399. 463
20, 85, 131, 157, 214, 291, 324, 373. 444
22, 82, 122, 192, 217, 342, 417
26, 93, 238, 308, 414
29, 146, 220, 432
30, 77, 198, 280, 304, 154
32, 98, 19, 276, 381, 471
30, 184, 208, 387, 482
38, 92, 179, 286, 390, 468
10, 59, 105, 202, 355, 480
43, 140, 234, 427
40, 114, 212, 327, 411
47, 09, 182, 230, 338, 439
50, 134, 231, 317, 402
52, 144, 240, 331, 434
54, 101

-
k=

71 200, 350, 458

149, 195
137, 240, 335. 437
243, 321, 421
249. 378, 470
266, 305

288, 352, 450

297

41



PRINCIPAL ILLUSTRATIONS IN VOL. I

PAGE
SIR BANISTER FLETCHER, F.R.L.B.A,, FSI. . . . . . . . . . . . t
Tug PARTHENON, ATHENS . . . . . . . . . . . . . . 5
THE NORMAN NAVE, NORWICH CATHEDRAL . . . . . . . . . . . O
HeNRY VIII’s CHAPEL, \WESTMINSTER ABBEY . . . . . . . . . . . O
THE ARcH oF¥ CONSTANTINE, ROME . . . . . . . . . . . . . 7
STATUE DE LA REPUBLIQUE, PARIS . . . . . . . . . . . {6}
MAsSONRY WORKS OF THE BATH AND DPORTLAND 810\1, Firsms . . . . . . . . Iy
DiamMonn Saw anNp Latne At WORK . . . . . . . . . . . . 15
TypeEs or PLANEs Uskp IN JoINERY Work . . . . . . . . . R
WOODEN SPOKESHAVE . . . . . . . . . . . . . . . Iy
Back VIEW oF Goob Typre orF DRAWING Boarb . . . . . . . . . . 2
ADJUSTABLE SET-SQUAKRE . . . . . . . . . . . . . .oy
CHISEL AND CoNIcaL PENCIL POINTS . . . . . . . . . . . .25
PHOTOMICROGRAPH OF RUBISLAW GRANITE . . . . . . . . . . . 20
PHOTOMICROGRAPH OF BATH STONE . . . . . . . . . . . . . 20
PHOTOMICROGRAPH OF CARRARA MARBLE . . . . . . . . . . . .27
ExamrLes or Toors USEp BY PLUMBERS . . . . . . . . . . . 33, 35
GEOFFREY (CHAUCER . . . . . . . . . . . . . . T
IDIAGRAM SHOWING PPROCESS OF (GAS MANUFACTURE . . . . . . . . . . 53
BERESFORD PITE, M. A, F.RIB.A. . . . . . . . . . . . . . 54
Joun AvLFreD Goren, M., (Oxon), F.5.A, F.RLBA . . . . . . . .57
SELECTION OF PLANT USED IN PRELIMINARY OPERATIONS . . . . . . . . . 60
AN AMERICAN BANK Buinping . . . . . . . . . . . . . 02
T WoLseLey Buinpinag, Prccaniniy . . . . . . . . . . . . 63
A MAUSOLEUM, NEW YORK . . . . . . . . . . . . . . b3
NAVVIES’ BARROWS . . . . . . . . . . . . . . . . OO
SELECTION OF PLANES USED IN JoINerY WORK . . . . . . . . . . 71
THomas E. Scorr, A.R.ILB.A.. . . . . . . . . . . . . .70
Tur TEMPLE oF IKHONS, INARNAK . . . . . . . . . . . . . S0
POCKET CASE OF DDRAWING INSTRUMENTS . . . . . . . . . . . N2
RECTANGULAR PROTRACTOR . . . . . . . . . . . . . LN
MouLbER's BENCH . . . . . . . . . . . . . . . . S5
SECTIONAL VIEws or Horrmaxny Kinn o . . . . . . . . . . . .Sy
RECTANGULAR KILN wiTH OpeN Tor . . . . . . . . . . . . 88
REVERBERATORY [FURNACE . . . . . . . . . . . . . . 518}
CASTING I'RAME . . . . . . . . . . . . . . . . 100
CROSS-CUT SAW . . . . . . . . . . . . . . . .10y
USING A Rip Saw . . . . . . . . . . . . . . . .10y
SAW SET . . . . . . . . . . . . . . . . . T10
SAW VICE --TENON SAW -DOVETAIL Saw KevnoLr Saw  CoMpass Saw . . . . R R
ExaMpLES 0F JOINER'S CHISELS . . . . . . . . . . . . .13
ExamerLe or PAGE oF PriME CosT JOURNAL . . . . . . . . . . . 115
PorTLAND STONE, PERRYFIELD (QUARRY . . . . . . . . . . . NS Vi
PortLAND QUARRY : Crosk-UP VIEW OF STONE . . . . . . . . . .11
ABERDEEN GRANITE : “* SCLATTIE ' (JUARRY . . . . . . . . . . Y
SHOWING UIsk 0r TRY-SQUARE . . . . . . . . . . . .125
A CoMPOSITION OF ELEMENTS OF GREEK \m HITECTURE . . . . . . . .o120
PLAN OF THE PARTHENON, ATHENS . . . . . . . . . . . . .o1z28
THE ERECHTHEION, ATHENS . . . . . . . . . . . . . P 1Y)
CHORAGIC MONUMENT OF LYCICRATES, ATHENS . . . . . . . . . . . 130



X PRINCIPAL ILLUSTRATIONS

JENNINGS’S FEARTH CLOSET .
CESSPOOL AND DRAIN CONNECTIONS .

CHAIN Pump . . . . . .

VacuuM CEsSSPOOL EEMPTYING APPARATUS . . .
Gas MAIN JoINTs . . . . . . .
MopeL or BusH Housg, LoNpON . . .
MobpEeL o¥ NEwW BANK OoF ENGLAND . . .
ScALE MoODEL or THE Konak \WORKs . .
SECTIONAL MODEL OF FERRO-CONCRETE HOUSE .
FARNESE PALACE, RoME . . . .

THE CHATEAU oF BALLEROY . . . .

WaLL, BoNDED, AND WIiTHOUT l3OND

WINDOW OPENINGS IN BRICKWORK .
SQUINT QUOIN . . . . . .
SURVEYOR’S CHAIN AND ARROWS

SHOWING METHODS OF SHORING . . . .
NORWEGIAN GRANITE : BAKKE QUARRY . . .
WINNSBORO BLUE GRANITE (QUARRY
CARPENTER’S BRACE . . .
D1¥rFERENT TYPES or Twist Bits .
BoRING MACHINE . . . . . . .
(QUARRYING OLD VEIN SraTE IN THE OPEN .
QUARRYING SLATE Rock, UNDERGROUND CHAMBER
CuTtTING FooT JOINT WITH ROCK CHANELLER

SLATE SPLITTING
SLATER'S Toors . . . . .
MEeTHOD OF DRAWING A FLAT AKC
MAKING A SIMPLE BUILDING MODEL . . .
PAINTING WINDOWS IN A MobEL BUILDING .
CONSTRUCTION OF THE GREEK DORIC EENTABLATURE .
THE GREEK Doric OrRDER . . .
CAPITAL AND BASE FROM THE lRLCl{THElO\ AT ATHENS
THE GREEK CORINTHIAN OORDER . . .
SHOWING CorrRECT Usk or JoINER's Rure
JOINER’S SquARES
JOINER’S GauGEs

. . . . . .

TRAMMEL, PUNCH, CHISELS, AND DRILL AS USED BY JOINERS

Prume RuUuLE aNp Bon . .
STRETCHING BoND .
EnGrLisH (Cross Bonn . . . .
FremisH GARDEN WALL BonD
ENGLISH GARDEN WaALL BoNp
HERRINGBONE COURSES . . . . . .
How 1o ConsTtriUcT GEOMETRICAL FIGURES . .
TURNING GRANITE Base For Busn Housk, lL.LoNDpoON .

IEXTERNAL AND INTERNAL MITRE . . . .
TyeIcAL JOINTS IN MASONRY . . . . .
OQUTER ENTRANCE GATE TO ROME . . .

NIMES AgUuEDpUCT, PONT DU GARD . . .

THE CoLosseuM, RoME . . . . . .
Tue RoMAN Foruwm . . . . . .
Pons Axmurius . . . . . . .
PonTe EMiLio, OVER THE TIBER . . .
Tue FirsT IRON BRIDGE OVER THE %h\ ERN .

THE ForTH BRIDGE . . . .

IN VOL.

l

PAGE
41

142
143
144
145
149
150
151

152
154
155
157
101
102
163
160
160
170
175
177
178
183
185
180
87
18q
193
190
197
201

202

203
2044
200
207

210
21t
214
214
21y
214
215
217
’,.
220
227

243

244
244
244
245
245
245



PRINCIPAL ILLUSTRATIONS IN VOL. 1 Xi

CONSTRUCTION OF THE DRrY GAs METER . 247
ITow T0O ‘“ READ "' ThHE (GAS METER . . . . . . . . . . . . .24
THEORETICAL ARRANGEMENT OF THE ‘' CROSSETTE "' . . 251
DOORWAY OF THE PARTHENON, RoME . . . . . . . . . . . .25z
WINDOW FROM PALAZzZO RicCARDI, FLORENCE . . . . . . . . . . . 253
THE STATION IENTRANCE, HELSINGFORS . . . . . . . 254
“ CoMBINED ”’ WINDOW Prace, Victor Huco, Paris . . . 254
CORNICE SECTIONS . . . . . 250
COPING SECTIONS . . . . . . . . . . . . . . . .257
GasLe IN CouRskd RuspLg \WALL . . . . . . . . . . . 258
CoMpPOUND FLYING SHORE . . . . . . . . . . . 203
BOARDING FELT BATTENS AND ((.)U.NIER BM TENS . . . . . . . . . .26y
BATTENED AND IELTED Roor . . . . . . . . . . . . . .270
JLLUSTRATING CENTRE NAILING . . . . . . . . . . . L2272
Prax or PoLING Over HirLy Grounn . . . . . . . . . . . 273
SMALL COMPLETE SURVEY . . . . . . . . . . . . . 275
TYPICAL SURVEYOR'S DIRECIION MARKs . . . . . . . . . . . . 275
Wirkn JOINT IN LEap Prek . . 276
BraNcH JoINT . . . . . 277
Tart ok FLANGE JoiN1 . . 277
ParTS oF TREE TRUNK 282
STACK oF DEALs . . . ‘ . . . . . . . . . .83
STAR AND CUP SHAPES . . . . . . . . . . . . . . .28y
HEART SHAKE . . . . . 285
BRICKLAYER'S TouLs . . 292
SETTING OUT A SMATL HU!LDI\(. . . . . . . . .93
ButLpiNGg CIRCULAR BAY wiril TRAMMEL . . . . . . . . . . . . 295
SETIING OuT A QUUIN 0F A BUILDING . . . . . . . . . . .20
Proressor P ABercromsig, MA,, F.RILBA . . . . . . . . . . .97
Dracrans or TyricaL Towns . . . 2N
Exanmeres or MAsoN's Toors . . . . . . . . . . . 301
THE Panrdeon, Rove . . . . . . . . . . . . . .30y
INTERIOR OF THE COLOSSEUM, ROME . . . . . . . . . . . . 303
BASILICA oF CONSTANTINE, ROME . . . . . . . . . . . . L300
The House or Paxsa DPompen . . . . - 307
PHOTOMICROGRAPH, [LEICESTERSHIRE GRANITE . . . . . . . . . . . 308
’HOTOMICROGRAPH, PENRITH SANDSTONE . . . . . . . . . . . . 308
PHOTOMICROGRAPH, ICDINBRURGH SANDSTONE . . . . . . . . . R . 30u
PrnotomicroGrAPH, PORTLAND STONE . . . . . . . . . . . .3
ProromicroGrari, MARBLE (TRELAND) . . . . . . . . . . . L3
STRAIGHT CoMPO (GAS JOINT . . . . . . . . . . . . . .33
RisiNG MAIN FROM METER POSITION 332
BRIDGING P1ECE ror GAs PENDANT . . . . . . . -333
(ias PRESSURE GAUGE . . . . . . . . . . . . . . L334
SIMPLE APPROXIMATE LLLIPSE . . . . . . . . . . . . . .32
DrawiNG Tupor ARCH . . . . . 343
Turee TYPES OF GOTHIC ARCH . . . . . . . . . . 349
PROPORTIONS OF tTHE ORDERS, Auoxmm, TQ VIGNOLA . . . . . . .37
"PortIcO OF OcTavivs, Rome . . . . . . . . . . . . . .348
ILIBRARY OF ST. MARK'S, VENICE . . . . . . . . . . . . L340
PAvILION GABRIEL, VERSAILLES . . . . . . . . . . . . )
Tue OpPEN LouG1a, VILLA MEDICI, ROME . . . . . . . . . . . . 350
THE COURTYARD, PALAzzo BBORGHESE, ROME . . . . . . . . . . . 350
THE CLOISTERS, ST. MARIA DELLA PACE, RoME . . . . . . . . . . 351
DETAILS oF TyPicarn WiNnow OPENING . . .

. . . . . . . . 352



Xii PRINCIPAL ILLUSTRATIONS IN VOL. 1

JOINER's BENcn . . . . . .
INSTANTANEOUS GRIP VICE . . . .
GLUING-UP BENCH . . . . . .
SHOOTING BoARD . . . . . .
MrtRE TRIMMER . . . . . .
MiTRE Brock . . . . . . .
Mirre Box . . . . . .
ScrREW MITRE SHOOT . . . . .
CraMP . . . . . . . .
BENCH HoLbrasr . . . . . .
IroN CLEAT . . . . . . .
SAWING STOOL . . . . . .
JOINER's ToolL CHEST . . . . .
GLUE HEATER . . . . . .
EXAMPLES OoF BrICK PIERS . . . .
DaMp-PROOF COURSES .

TyPICAL SURVEY OF A LLAKE . . . .
TyricarL Survey or A Woon . . . .
PLUMBER'S FITTINGS FOR LRON P1pEs . .
Joints 1IN A CoPPER P1vE . . .
STEEL. MANDRIL FOR PLUMBING WORK . .
FinisH To VERGE 01 SLATED Roor

(FRADUATED SLATING . . . .

REMAINS OF THE BASILICA OF CONSTANTINE, ROME
THE RomaAN DORIC ORDER '
Tue Romax [JoNic ORDER

THE RoMAN CORINTHIAN OORDER

ROMAN ORNAMENT . . . . . .
SHARPENING A PLANE [RON

ADJUSTMENT OF PLANE TRON . . .
IF'RAME SAw . . . . . .
IMPROVED DIAMOND Saw . . . .
Bram TyPE DIAMOND SAw . .

“ BRAMLEY ”’ Twin Brane DiavMoxp Saw
JOINTER SAW . . .

MOULDING MACHINE . . . .
PLANING MACHINE . . . . .

Using Locus 1y DrRawiNG A TRACERY Winpow
GEOMETRICAL CONSTRUCTION OF MOULDINGS
DIMINISHED STAIR BRACKET . . .

SITE FOR MASONRY DAM AND RESERVOIR .

DaM IN ProcEss orF (CONSTRUCTION

DAM CONSTRUCTED ON THE SITE . . . .
SUBMERGED 1)JAM SEPARATING Two RESERVOIRS
SHOWING VARIABLE VELoCITY oF Frowina Tiguin

.

ORDINARY STANFORD JOINT . . . .
HASSALL'S DOUBLE-LINED JOINT . . .
DourtoN’s LEVEL INVERT PirE

SicHt RAILs AND BoNING Robp . . .

SECTION THROUGH INVERTED GAS BURNER

Proressor C. H. Reey, O.B.E, M.A. (Cantab), F.

BrICKWORK CHIMNEYS . . . .
DESIGN OF GABLES . . . . .
Roor OVER THE CHAPEL, VERSAILLES
DorymiER WINDOWS

. .

R.ILB.A



PRINCIPAI ILLUSTRATIONS IN VOL. I xiii

PAGE
MAKING BuTT JOINT . . . . . . . . . . . . . . . 403
DowEL PLATE. . . . . . . . . . . . . . . . . 464
SECRET SCREW JOINT . . . . . . . . . . . ) . . . 404
COUNTER BATTENS . . . . . . . . . . . . . . . . 405
IHAMMER-HEADED KEY JoINt | . . . . . . . . . . . . . 405
(CONSTRUCTION OF OPTICAL SQUARE . . . . . . . . . . . . . 400
CHAINING ROUND AN OBSTRUCTION . . . . . . . . . . . . . 407
ARCHITECT'S CERTIFICATE . . . . . . . . . . . . . . 4h9
Tyres oF TIN-LINED PIpE . . . . . . . . . . . . . .72
TarPING \WATER MAIN UNDER PRESSURE . . . . . . . . . . . . 473
FERRULES FOR PLUMBING WORK . . . . . . . . . . . . . 474
STORAGE TANK CONNECTIONS . . . . . . . . . . . . . . 476
Curora, ALL ITaLLows, LoNpoN WaLL . . . . . . . . . . . . 479
VarieTIES OF RooriNG TiLes .| . . . . . . . . . . . . . 483

IFEATHER-EDGED BoArDING . . . . . . . . . . . . . . 484






INSET PLATES IN VOL. I

ATHENS © Tur PARTHENON, FroM THE EAST . . . . . facing Foreword
ICoMMON TiMBERs IN Usk IN Buirping . . . . . . . facing page 10
T. P Benxerr, F.RILB.A., Hon. F.1.O.B., Hon. IF.1.B.D. . . . w57
Hengy Apams, Munst.CE, F.RLBA, P.PLStruet Eng., M.LMech E, FS.T

I*.R.San.1. . . . . 57
Proressor F. C. Lira, D.Se., M.Inst.C.I. . . 37
HENRY A. Mackmin, .S, M.R.San.I., M.L.Struct.E. .37
1SoME STONES USEFUL IN BUILDING, SHOWING ACTUAL COLOURS 73
LiverrooL CATHEDRAL (INTERIOK) 105
WaLTER R. Jaccarp, F.R.LB.A. 153
WiLrrip L. Eversuep, F.S.T. . . 153
HERBERT J. AXTEN, A.R.LB.A. AInst.Struct.E. 153
E. G. WarLaxp 153
TPRECELLY GREEN ROOF IN MIXED SHADES 184
IPRECELLY RUSTIC SLATES . . 184
' VRONLOG " RUSTIC SLATES 184
CHURCH AT SALAMANCA . . . . . : . . . . . 201
IMasoNs LAFITTE @ THE CHATEAU 249
PorTICO, THE CASTLE CHURCH, COPENHAGEN 297
T. CorkHILL, M.LStruct.EE., I''B.L.C.C., M.Coll.H. 345
R. J. RocERrs, M.Inst.C.E. . . 345
Raymonp R. Burtrer, M.Sc. (Lond.), ALC, F.OS. . . . . " o 345
R. Vincent Boucnron . . . . . . . . . . . w345
A CoMpOSITION OF ROMAN DETAILS . . . . . . . . y w303
OBTAINING THE LINEs oF THRUST IN A Danm o 425
WEMBLEY EXHIBITION BUILDINGS IN CONSTRUCTION w41
AN ExaAMPLE oF “ TAKING OFF” . 450

b Coloured Plates.

Xxv



NS UV L Cbsi saodg suay ¥ g Fulwex(] oyl woag

ISV JHL KO¥d ‘NONAHIIVJ dHL

*SNAHLV

B g Iy Y fu dsaunns £g

(3461



FOREWORD

HIS treatise is believed to be the most comprehensive work on building hitherto
published, and deals with modern building in its three aspects—design, construction,
and cost.

During the past twenty or thirty years, building design and construction have grown
enormously in complexity, largely as the result of the demand for greater comfort and taste
in our houses and of cfficiency in industrial and business premises.  Formerly, four or
five trades were employed ;- but to-day on any large building a score or more specialist trades
are represented.  The architect’s activities, too, have grown so wide that he has to avail
himself of specialist assistance, such as in quantity surveving, structural steel and concrete,
perspectives, clectrical fitting, heating and ventilation, lifts, lighting, ctc.

With this growing complexity and specialization, the average textbook has become
somewhat inadequate.  For two reasons.  No ordinary textbook can cover the wide field
of an architect’s or builder’s activities, not even on the constructional side alone : the work
is now too claborate, and the details too numerous.  But perhaps an even more serious
failing of the average textbook is that it is a one-man production—and no one man can be
an expert in all branches of modern building,  The BriLpinG EptcaTor is the result of
the combined efforts of upwards of 40 specialists, each contributor being an expert eminent
in his particular subject.

[t is not intended that this work will replace in any wayv a proper course of training at
technical colleges or schools of architecture, but that it will prove a useful adjunct to the
recognized courses of instruction. It covers all the usual trade and professional subjects,
and it will be equally valuable to both the professional man and the craftsman.

One of the chicf lines of advance during the last few years has been in structural steel
and concrete, and these subjects will be found to be treated adequately and in accordance
with the latest practice.  The commercial and administrative sides of building work have
been sadly neglected in the past, but the quantity surveyor, estimator, builder’s clerk,
manager, clerk of works, and foreman will find these aspects fully dealt with in this work.

It is hoped that pupils and apprentices will find in this treatise a clear and comprchensive
textbook, and that builders and architects will find it useful asa work of reference.  Students
preparing for the various examinations—such as the Royal [nstitute of British Architects,
the Surveyors’ Institution, the Institution of Structural Iingineers, the Institute of Builders,
the Royal Sanitary Institute, the City and Guilds, and other examining bodies—will find

the BuiLpbinG EpucAaTor of invaluable assistance.
THE EDITOR.



HOW TO USE THE EDUCATOR

By reading such articles as Training and Opportunities, readers will be able to sclect for
themselves the sections and articles that are most suitable for them, but usually the following
subjects will be of most use to the various classes of readers.

] 1 will find about
Architects and Pupils ! find about
of the EpucATor of direct value, bat stress should
be laid on the following subjects— - .

ARCHITECTURAL  DRAWING, Dby Walter M.
Keesey, AR.CA, ARLBA.
HisToRY OF ARCHITECTURE, by

Scott, AR.LB.A.
ARCHITECTURAL DEsIGN, by T. P. Bennett,
1 R.IL.B.A. and Thomas E. Scott, A.R.I.IB.A.
Arcutrect’s OFFICE AND RouTINE, by Herbert
J. Axten, A.RI.B.A.
LAND SURVEYING, by Professor Tenry Adams,
M.Inst.C.E,, I"5.1.
SPECIFICATIONS AND QUANTITIES, by Wilfrid L.
Evershed, 1.S.1.

Thomas L.

BuiLping Law, by Horace W, Cubitt, A R.I.LB.A.

A sound knowledge is required of all the construc-
tional scctions, but particularly Joinery, Carpentry,
Brickwork, Masonrv, Drainage and Sanitation, and
Structural Enginecring. The various special articles
by eminent architects will be found of great value.

should choose the sections most
S_l_l__l'V_e_YglE suitable to their particular re-
quirements.  These vary greatly, but the following
subjects will be of direct value. In addition, most
of the constructional sections should be studied.
Laxp SURVEYING, by Professor Henry Adams,
M.Inst.C.E., F.S.T.
SPECIFICATIONS AND QuantiTies, by Wilfrid I..
LEvershed, .S 1.
EstiMaTING, by Henry A. Mackmin, F.S.I,
M.I.Struct.E.

BuiLpine Law, by Horace W. Cubitt, A R.TI.IB.A.

VaruatioNn Tasres, by Henry A. Mackmin,
[F.S.1., M.I.Struct.E.

Civil and Municipal Engineers

will find most of the EpucaTor of service, but
particularly the following sections—
Civir ENGINEERING, by DProfessor IF. C. Luia,
D.Sc., M.Inst.C.E.
STRUCTURAL ENGINEERING, by W. Arnold Green,
M.A., B.Sc¢, AM.Inst.CE.
Praix AND REINFORCED CONCRETE, by H.
Kempton Dyson, M.I.Struct.E.
I.AND SURVEYING, by Professor Henry Adams,
M.Inst.C.E., F.S.I.
DRAINAGE AND SANITATION, by Henry C. Adams,
M.Inst.C.E,
BuiLniNG Law, by Horace W. Cubitt, A R.I.B.A.
Fire-REs1sTING CONSTRUCTION, by Walter R.
Jaggard, F.R.I.B.A.

1 1 The re-
Builders and Supervisors. et
of Master Builders, Managers, L'oremen, Clerks of
Works, Estimators, Builders’ Clerks, are somewhat
similar.  All the constructional sections and one
or more of the following will be found useful.

SUPERINTENDENCE, by P. J. Luxton
BuiLper's OfFrick axp RouriNg, by R. 1%

Cralbraith, 13.Sc.

BuiLpers” AccouNTs AND Costs, by Robert [,

Legge

SPECIFICATIONS AND QuaNTIiTIES, by Wilfrid L.

Evershed, F.S.1.

EsTIMATING, by Henry A, Mackmin, [°.5.1,

in all trades will find their parti-
Q_I;clf__tSIl]_CE cular craft fully dealt with. In
addition, the ambitious craftsman, according to
his particular needs, will study other scctions, as
Superintendence or Drainage and Sanitation.  The
following subjects will be indispensable —
BuiLbers” GroMETRY, by Richard Greenhalgh,
ALStruct. k.
Carcurations, by T, Corkhill, M.I.Struct. .
BuiLpiNGg Sciexce, by Raymond R. Butler,
M.Se., ALC, F.CS. ’

1ali of all kinds will find their require-
M ments met in such sections as
Heating aAxp VENTILATION, by C. Faber, A.C.G.1.
GAs-FITTING, by R. J. Rogers
STRUCTURAL ENGINEERING, by W. Arnold Green,
M.A,, B.Sc, A M.Inst.C.I.
Praix  aNxp Reinrorcen  Coxcrere, by I,
Kempton Dyson, MULStruct. <.
Erecrrican IFrrrinag, by It C. Raphael, MULE K,
Acousrics, by A. G. Huntley, A M. 1.Struct.E.
SHOP-FITTING, by K. A, Braden, AR.LB.A.
Likrs, by G. H. Church, M.LLE I,
IF1rRe-REsisTING CoNsTRUCTION, by Walter R.
Jaggard, I'. R.1.B.A,

Professional Examinations. ﬂff:ﬁ;

all examinations, both professional and craft, will
be found to be covered by the Enucartor, and
particulars regarding them will be found in 7rain-
ing and Opportunities and other articles.

A copious index will

RCfCI'CIlCC W()l'k. be found at the end

of the Epucator and, as this work is probably
unique in its comprehensive treatment of Archi-
tecture and Building, it should form a valuable
work of reference for builders and architects.
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CRAFTSMANSHIP IN BUILDING

By Sir Banister FLETCHER, F.RIILB.A., F.S.1.
INTRODUCTION *

ARCHITECTURE may be described as art expressed
in terms of building, and it is carried out by
means of various crafts which together produce
the required struc-
ture.  If there is
an absence of any
recognized  styvle or
standard in architec- | d e g
ture, then the build- .
ing fails as a work of
art ; if there is an
absence of sound and
skilled craftsmanship,
then the building fails
as a structure for util-
ity. Thus we realize
the importance of the
combination of the
trained taste and
judgment of the ar-
chiteet and the train-
ed hand of the crafts-
man. Any building
to-day, for whatever
purpose it is erected,
is the product, not
of one craft but of
many crafts, which
are all interdepen-
dent one on the other
for the production
of the finished article,
whether it be a cathedral or a cottage. In the
building world it is not merely a question of the
best and latest type of machinery, but of the
best and keenest type of workers, of craftsmen,
if our building is to be pronounced good.

The crafts which are employed in the various
departments of building have a technical and
traditional history, reaching far back into the
hfp of civilized man, and have materially con-
tributed to the evidences we see around us of
past human activities.
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These crafts, extended in application, and
losing nothing of their vitality, are in de-
mand to-day just as much as ever.

The building in-
dustry is of national
importance: firstly,
because of the vast
amount of necessary
work which it pro-
duces ; sccondly, be-
cause of the insistent
and varied needs of
the community for
which it caters; and,
thirdly, because of the
considerable popula-
tion actually engaged
init. Itis, therefore,
essential that the ar-
chitects, builders and
craftsmen, who act
in a working part-
nership in rearing our
public buildings and
domestic dwellings,
should be thoroughly
equipped for  the
exccution of their
respective tasks,
which, all taken to-
gether, constitute
the finished edifice.

The shortage of killed craftsmen has pro-
duced grave problems in late years, and the
reduction in numbers cmployed has resulted in
a great national loss, both economic and social.
Many buildings have been delayed in or during
their ercction for lack of qualified operatives,
This problem is in need of early solution, which
can only be found in the training of a larger
number of craftsmen.

The aspect of craftsmanship which chiefly
concerns the architect is the part it plays in
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relation to his design for the complete structure.
The craftsman of to-day cannot be allowed the
same liberties of design in the work he executes
as his predecessor in the Middle Ages, for he has
lost the common guiding tradition which in
those days ensured that his work, however much
the creation of his own spirit, was still in con-
formity with the general style of the work in
hand. Nowadays, the work of all contributors
to a large building can be brought into uni-
formity only by subordinating them to the
master-mind of the architect under whose
directions they work, and thus it is not possible
under present conditions to revive the mediae-
val ideal of free play for each craftsman. The
architect may therefore be likened to the con-
ductor of an orchestra, under whom each player,
though to some cxtent expressing his individu-
ality, is brought into line with the other players
and into a common harmony. Yet there are
still occasions where the craftsman may have a
freer hand to work out in his own manner the
gencral idea which an architect gives him ; in
any case the actual execution is in his hands, and
its success depends largely on his loyalty to, and
sympathy with, the requirements of the com-
plete work in the production of which he has his
assigned part.

These introductory remarks are directed to
emphasize the necessity for studying and ap-
praising the technical difficulties of craftsman-
ship, as well as the purely architectural prin-
ciples of building, so that the painstaking labour
and enthusiasm of the craftsman may be
appreciated. Different crafts will be briefly
reviewed, partly from an historical and partly
from a technical standpoint.

BRICKWORK

As clay forms the soil in many vast tracts of
low-lying land, it has been used for the making of
bricks for buildings of many types, from Baby-
lonian times down to our own day. In our
country, thin Roman bricks were followed by
the slightly thicker mediaeval bricks, and then
by the Tudor brick of rich hues and rugged
texture, which give character to many buildings.
In the Renaissance period a brick more like the
modern type was in ,use, and has influenced
domestic architecture down to the present day.

With the improved facilities of transport in
modern times, greater possibilities for producing
picturesqueness and colour in buildings have
been afforded by the variety of bricks obtainable
from various parts of the country, including
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machine-made bricks, which, however, have not
the texture of the old hand-made types. The
well-known Fletton and the London yellow
stock have done good service for cheaper and
internal work ; while for facing bricks many
kinds are available, including the mottled
varieties of grey, brown, red and orange hues, and
other sand-faced bricks, Blue Staffordshires for
withstanding pressure, and glazed bricks of vari-
ous kinds for hygienic and ornamental purposcs.
The arrangement of bricks, known as * bond,”
has in its different forms given interest to
brickwork. A varicgated effect is sometimes pro-
duced by the use of headers and stretchers, and
“flared ” or black headers form a conspicuous
pattern in much Georgian work, while criss-cross
patterns were similarly formed in Tudor
times.

Much depends upon the manner of laying the
bricks, as well as upon their composition, and
the effect of the best bricks can be spoilt by
slovenly workmanship. Mortar joints, indeed,
play an important part, for a neat joint, cither
weather-struck or flat, sets off the texture of a
brick wall to its best advantage. By the use of
rubbed, carved and moulded brickwork, as used
by Sir Christopher Wren, rich and varied effects
of design have been produced, and terra-cotta
can be carefully manipulated to give point and
finish to a building.

The work of the tiler and slater must not be
overlooked, and much of the character of English
domestic buildings is due to the texture and
delightful hues of roof coverings, toned down by
time, such as hand-made sand-faced tiles and
the beautiful Westmorland green slates.

MASONRY

Stone, marble and granite, have been the
staple building materials in many countries from
the earliest times, and the history of architecture
may almost be said to be the history of stone-
work. In the carlicst days, stone or granite was
worked into gigantic monuments ; in Egypt it
was used for pyramids and temples ; in Greece,
marble was used to produce some of the noblest
architecture and sculpture the world has seen—
and so on to the Middle Ages, when stone was
made the expression of religious devotion, and
in the Renaissance period great dignity and
symmetry were obtained by the use of the same
material.

Much variety can be gained from stone, not
only from the differences in texture, but from
the methods of cutting and laying—whether as
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random rubble or polygonal masonry, or
quarried in rectangular blocks, and laid irregu-
larly or in straight courses. Again, the face
can be left *“ rock-faced” or hammer-dressed.
Ashlar for important buildings, accurately cut,
and with its surface or margins dressed smooth,
entails much skilled labour. Rustication to add
emphasis, obtained by chanelling joints or
working a rough surface, has again been much
resorted to in recent years. Many processes are
entailed in cutting stone for building, and
stereotomy is now in general use for determining
the accurate jointing and surfaces in arches and
other structural features.

PLASTERING

Many buildings when erected needed finishing
with a smooth continuous coat, and so plaster,
plain and ornamental, came into use for interior
domestic work. The timber ccilings of Tudor
times were followed in the Elizabethan period
and afterwards by elaborate plaster ceilings in
small panels ; in the later Renaissance, larger
and more deeply recessed panels were produced,
giving way again to declicate patterns in the
Adam period. Externally also, plaster and
stucco were needed from carly times, for the
Greeks made a stucco from marble-dust to cover
coarsc-grained stone, as in Sicily, and to produce
the effect of marble. In our country stucco has
been used with good effect in plaques, and even
for whole facades. Decorative pargeting forms
a familiar feature in some rural districts, while
in modern times, delightful effects are provided
by rough-cast over buildings requiring weather
protection.  Stippled and daubed textures have
been evolved, which, enhanced by their gleam-
ing white and cream hues, have relieved many
other featureless elevations. '

WOODWORK

Buildings also required internal finishings and
fittings of a rigid yet workable material, and
wood supplied this need—worked by carpenters
for structural features like roofs and floors, and
by joiners for stairs, doors and windows. In
primitive architecture, in many countries, wood
framing secms to have been much used. In this
country timber was employed in framing up
walls on the post-and-beam principle, with brick
filling, especially in districts such as Shropshire
and Cheshire, where forests abounded. Wood
was also wrought into open timber roofs of great
ingenuity and beauty, from the simple tie-beam
roof to the trussed rafter, arch-braced and

hammer-beam types. It has been utilized in all
its possibilities for church fittings of great beauty.
Doors were first boards nailed together, panelled
and moulded types afterwards being evolved,
while the window-casement of earlier times was
largely superseded by the Georgian sash-window,
but is now returning to favour. Much depends
here, as in other crafts, upon the execution.
Mediacval work was usually hewn out of the
solid, the posts being sccured by oak pegs, while
carving was done vigorously, but in accord with
the nature of the material.

In Renaissance times also, much fine wood-
work was carried out, of which the spacious
balustraded staircases of Elizabethan, Jacobean,
and Georgian times are noteworthy, and carving
of great skill and excellence was done, especially
in the style of Grinling Gibbons, whose remark-
able simulations of natural forms have enriched
many city churches and private houses.

PAINTING

Thus substantially completed, buildings needed
a protective and decorative layer inside and
sometimes out, and painting thus became an
important craft. In ancient Egypt vast temple
walls were often painted in bright colours ; the
refined details of Greek temples were once
picked out with painted ornament ; and many
mediaeval buildings were enlivened internally
by a layer of gold and colours, fittings and
furniture often being coloured in the same way.
The plaster and cement of later times have been
brightened by the same process, and colour
schemes for internal decoration have received
much attention. The treatment of woodwork
has also called forth the processes of graining
and varnishing. The great number of oil and
water paints, distempers and enamels, and the
graded tints in which these are produced, give
ample facilities for the colour design of modern
buildings. The application of washable dis-
temper to walls, which has in many cases super-
seded wallpaper for small houses, has altered the
character of interiors.

The art of glass painting has entered much
into architecture, especially ecclesiastical. The
stained glass of the early mediaeval period,
actually coloured in the making, and formed
chiefly in lead patterns, and the painted glass of
the Renaissance period which replaced it, both
offer suggestions for original work at the present
day, while conventional treatment of the
‘ cames "’ for domestic buildings has reached a
high standard of design.
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PLUMBING

The structure thus built up, within and with-
out, needed provision for the supply of water
and the carrying away of refuse matter, and
the craft of the plumber has satisfied both these
requirements by the use of pipes of lead and
other materials, which have necessitated skilled
handiwork in bends, joints, welding, and other
processes. Again, he has worked hand in hand
with the tiler and slater in that most important
work, the drainage of roofs, with his ridges,
valleys, gutters, and flashings, rendering our
buildings sccure against the elements. Indeed,
from early mediacval times the plumber has
often supplanted the tiler, and given us the
immense advantage of a flat roof with maxi-
mum of headroom beneath, covering large areas
with his lead shcets joined by carefully worked
‘“rolls.” The lcadworker has also used his
material decoratively, such as in the lead
cisterns, of which eighteenth century examples
are familiar, and fine rain-water heads, with
their ornamental devices.

SMITHING

The ironworker’s craft is an equally necessary
contribution to the perfect working of a building.
Bronze and iron were used by carly nations for
clamps in stonework, doors, and other features,
and in Western Europe, iron was worked into
window frames, while in the Middle Ages, the
ironworkers played a great part in the making
of doors, with their long strap and crescent
hinges. It was worked into internal fittings,
such as the fine Spanish “ rejas” or screens,
pulpits, and other features. In Renaissance
times, wrought-iron gates of much claboration,
as scen at Hampton Court, added much dignity
to mansions and public buildings, while cast
iron also was put to good usc internally
in fire-backs, grates, and hearth furniture.
Iron balconies and fanlights are character-
istic features of the Georgian period. In

modern times, cast iron has proved a uscful
auxiliary to lead for rain-water heads and other
features.,

TECHNICAL INSTRUCTION

From the foregoing summary of the part
played by the crafts in contributing their respec-
tive shares to the utility and beauty of buildings
as a whole, it will be clearly seen that much
training, perseverance and experience are neces-
sary to produce the skilled craftsman. The
system of apprenticeship was, and is undoubt-
edly, the best method of familiarizing the would-
be craftsman with the practical details of the
work at first hand, and it is commonly felt that
it should be extended sufficiently to ensure an
adequate supply of skilled craftsmen in the future.

This daily practice can and should, however,
be supplemented by technical training and
instruction, so that the student may develop a
capacity for more advanced and varied work
than he is already doing in the limited scope of
his daily routine, and this need is supplied by
many technical evening schools all over the
country. In our Capital City such training is
provided by the London County Council, in-
cluding their School of Building, and by the
Polytechnics, while the Carpenters’ and other
City Companies have for years given highly
specialized technical instruction in their Trades
Training Schools (Great Titchfield Street, W.1),
where the instructors arc skilled men of long
experience. It is of the utmost importance that
there should be no Jack of qualified operatives
for the crection of buildings in the future. The
efficient and extended training provided for
architects in the schools of architecture can
only be used to good advantage if the various
classes of craftsmen employed in building have
the necessary craft-skill and keen interest in their
work. Itislargely with the object of giving prom-
inence to this aspect of building requirements
that this publication has been undertaken,
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HISTORY OF ARCHITECTURE

By Tuomas E. Scorr, A R.LB.A.

LESSON I
INTRODUCTION

THERE is nothing more fascinating than the
study of architecture. It is almost the study
of human life, for buildings, more than anything

and their ornament ; it is essential to visualize
the requirements of the people, the difficulties
of labour and material which confronted the
builders, and the social conditions under which
they worked ; the changing ideas through social
intercourse and movements between nations ;

Fic. 1.

clse, have placed on record the history of peoples
and their customs.

A knowledge of terms and dates, and an
understanding of the peculiarities and charac-
teristics of the so-called “ styles,” are useful to
the student, but they do not constitute the true
story of architecture. The real meaning of the
works of the past can only be appreciated when
they are intelligently studied as the reasoned
outcome of the social and economic conditions
which produced them. Students of architecture,
and casual readers alike, should do more than
survey the superficial characteristics of buildings

T PARTHENON, ATHENS

and, above all, the sentiments, ideals, and
aspirations of the people, which are expressed
in their buildings.

In all ages, buildings have been created to
satisfy the needs of human beings-- their shelter,
work, religions, and pleasures. It will usually
be found that the outlook of the people is
evidenced in the care bestowed upon the build-
ings most important to their civilization.

The importance of religion and power of the
priesthood accounts for the great number of
temples built by the Egyptians, while their
anticipation of the return of the soul to its



Fi1G. 2. THE NORMAN NAVE, NORWICH
CATHEDRAL

F1c. 3. TTENRY VII's CHAPEL, WESTMINSTER
ABBEY
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former body some 3,000 years after dcath
explains the massive, eternal naturc of their
tombs. The Greeks, with their simple customs,
and desire for the ideal for its own sake rather
than the pretentious, had few material require-
ments, and were content to concentrate on the
perfection of an accepted form of temple. The
Romans, however, appear to have possessed a
pational temperament akin to that of nations
of the present day: ambitious, commercial,. an}i
with a love of grandeur and pleasure, 1t 1S
obvious that they required a great variety of
buildings for their work and amusement. How
natural that such a nation should have little
time for religion! Roman temples, although

Fi6. 4. TEMPLE of Horus, Epru

probably plentiful in the days when Rome was
in its prime, were not nearly as magnificent as
the public and other buildings. And later, when
Christianity had spread over Western Europe,
it is found that the influence and power of the
Church resulted in a great enthusiasm for church
building to the exclusion of almost all other
works. In the past, as well as the present, the
very essence of the life of a nation is expressed
in its architecture.

It is most useful and interesting, in the study
of historic architecture, to investigate the
relationship between structure and architectural
form ; to observe, in the early buildings in the
two great styles—Crassic and GoTHIC—the
limitations of constructibility controlling the
creation of buildings, and later, through added
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knowledge and experience, the subservience of
construction to the expression of ideals. In the
examination of Greek work, it will be found
that buildings were almost standardized in
general form owing to the limitations of the
lintel, or beam, form of construction, and that
later, the introduction of the arch and the use
of concrete by the Romans permitted an almost
infinite variety in architectural form ; in many
cases, in fact, the art of construction was so
mastered, that it was hidden in the provision
of the enrichment so adored by the Romans.
The development of architecture from the
twelfth to the fifteenth century, both in England
and the rest of Western Europe, is an cexcellent
illustration of the evolution of a style in which
construction and decoration progressed side by
side, the form of the various features being
invariably determined by structural necessity,
subsequent enrichment beautifying them, but
never hiding the constructional function. It
will be interesting to compare the heaviness and
timidity of the carly Norman work (Fig. 2) with
the decision and delicacy of the later Gothic
period (Fig. 3). By the comparison of such
cxamples, and by the careful analysis of the
buildings of the past, it is possible to appreciate
the magnitude of the many constructional
problems which confronted their builders.

It is not within the scope of this section to
consider in detail the development of the various
features which have been used in the architecture
of the past, but it is essential to their logical
application to the design of modern buildings
that their structural origin is understood.

The influences of climate will be evident as
the various styles arc dealt with; however
commonplace these influences may scem, they
are important factors which must not be
overlooked.

Although these more material considerations
of utility, construction, and climate have affected
the general form of buildings, it was the constant
striving after effect that gave character to the
architecture of the past. It was the infusion
of a nation’s temperament into its buildings
that imbucd them with a character which history
shows to be the crystallization of contemporary
civilization: the mystery and expression of
eternity in Egyptian temples and monuments
(Fig. 4); the refinement and simplicity of
Greek work (Fig. 1); the grandeur and power
of the Roman baths, Basilicas, and other great
buildings (Fig. 5); and so, as the great epochs
of the past are reviewed, the temperament of

the people is found to be indelibly written in
their buildings.

Although, for convenience, the history of the
architecture of the past is subdivided into
periods, or styles, it is nccessary to remember
that evolution has been continuous; changes
occurring, not as a result of the passing fancies
of the builders, but as the outcome of the
constant advance and spread of civilization
through the various national and social hap-
penings in the world’s history.

There were periods of transition when archi-
tecture was of a hybrid nature ; when buildings,

F16. 5. THE ARCH OF CONSTANTINE, ROME

while retaining the essence of a decadent style,
possessed certain minor features, usually decora-
tive, culled from some fresh source which travel
or literature had opened up. Subsequently, the
better understanding of these new ideas led to
their development into a style expressive of
local ideals and requirements, and modified to
suit local materials and labour. And so the
evolution of architecture proceeded throughout
the ages, reflecting always the great events
which have brought nations together in peace
and war, and the great social, industrial, and
religious movements which have produced
civilization as it is to-day.

To appreciate architecture to the full, it is
necessary to recreate mentally the conditions
which produced it: to visualize the life and
customs which existed when the buildings of
the past were in their full glory, for it is only
when its human quality is appreciated that
architecture becomes a real part of civilization,
instead of a mass of technicalities.
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LAND SURVEYING AND LEVELLING

By Proressor HENRY Apams, M.INsT.C.E,, F.R.[.LB.A,, I'.S.1,, ETC.

LESSON I
INTRODUCTION

GEOMETRY—TRIANGLE THE Basis oF LaND
SURVEYING—LINEAR AND SQUARE MEASURE—
AREAS
Application of Practical Geometry. Many books
on land surveying commence with a series of
problems in practical geometry. The advan-
tage of this is that a surveyor first learns how to
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Fi1G. 1. To ERect A
PERPENDICULAR FROM A
GIVEN POINT IN A
STRAIGHT LINE

2 4

Fi1G. 2.

A
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F16. 4. To CoNsTRUCT A TRIANGLE
HAVING SIDES EQUAL TO
THREE GIVEN STRAIGHT LINES

set up a true perpendicular by the aid of com-
passes only, instead of relying upon tee and set-
squares, which may be untrue. It also shows
him the true methods of copying angles and
plotting triangles, and the method of reducing
irregular figures to simple triangles. We can
only find room here for a few of these.

I. From a given point in a straight line to
erect a perpendicular (see Fig. 1). All verbal
description can be saved by observing that the
given lincs are shown thin, the construction
lines dotted, and the lines found by construction
thick. They are also lettered in the order of

To L.ET FaLL A Fia.
PERPENDICULAR FROM A
GIVEN POINT ON TO A
GIVEN STRAIGHT LINE

construction, the given parts with capital letters
and the construction lines with small_ letters, so
that what may be called the  life history " of
the problem is presented at a glance, and does
not really require any further description to
cnable anyone to work it out. )

2. To let fall a perpendicular from a given
point on to a given straight line (see Fig. 2).

A

QU --- N

h g

3. To Copy A GIVEN
ANGLE

To MAKE A
TRIANGLE EQUAL TO A
GIVEN TRAPEZIUM

FiG. 5.

3. To copy a given angle (sce Fig. 3).

4. To construct a triangle whose sides shall
be equal to three given straight lines, any two
?f which must be greater than the third (see
‘ig. 4).

5. To make a triangle equal to a given
trapezium (see Fig. 5). The given trapezium
is shown at ABCD. The object is attained by
converting two of the sides into two other sides
which shall give an cqual arca and form with
the remainder of the figure a single triangle.
Let these two sides be AB, BC. Join their
extremities by dotted line 4C, and parallel to
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this through B draw Be meeting DA produced
ine. We know by Euclid that *“ triangles upon
the same base and between the same parallels
are equal,” therefore triangle AeB is cqual to
triangle A BC, and the remainder of the figure
being unaltered we have the triangle DeC cqual
to the irregular four-sided figure or trapezium
ABCD.

Basis of Land Surveying. In land surveying
the triangle is the basis upon which all work is
carried out, and, generally speaking, the longest
side should be treated as a base line upon which
the remainder of the work is built up. The
measurements taken on the land are recorded in
a field book, and from these notes the work is
“ plotted,” or transferred to paper, to produce
a plan or map. If the land alone is concerned,
whether for acreage or mapping, a 66-ft. chain
divided into 100 links is used ; but where build-
ing or constructional work of any kind is to be
carried out, the r00-foot chain is preferable
divided into 100 links, each 1 foot long. When
a chain is spoken of, the 66-foot chain is usually
intended.

Units of Measurement.
LINEAR MEASURE

7-92 in.} -1 link 12in. - 1 ft.
25 links <1 pole 3ft. -1 yd.
4 poles == 1 chain 53 yd. —= 1 pole
8o chains -1 mile 1760 yd. 1 mile
166 ft. divided by 100 -~ 7°9:
SQUARE MEASURE
625 sq. links . 1 perch 9 sq. ft. . 15q. yd.
16 perches - 15q. chain 30} sq. yd. - 1 perch
40 perches 1 rood 43500 sq. ft. .- 1 acre
40 roods I acre 4840 sq. yd. — 1 acre
10 sq. chains 1 acre 040 acres - 1 sq. mile

Every opportunity should be taken to test
one’s natural stride on the level, and up or down
hill. Some can pace out a long distance in
yards with great accuracy, but it is too long a
stride for ordinary walking. The author prefers
normal pacing. His standard is exactly 25
paces to the chain of 66 feet = 31-68 inches each
pace == 2,000 paces to the mile.

The origin of the mile is said to be 1,000 double
paces, which agrees with above; a league, or
three miles, was the distance one could walk
comfortably in an hour. The yard is the
British standard of length, it is subdivided into
feet and inches and multiplied into chains
(66 ft.), furlongs and miles. Short distances
may be given in feet and inches, or chains and
links ; long distances preferably in miles and
furlongs or miles and chains.

The square measure used by land surveyors
consists of acres, roods and perches, any small
amount over being put as a fraction of a perch,
1, 1, or 3, whichever is nearest. The usual
limit of accuracy in practice is 1 perch per acre,
so that any decimal points would be out of
place.

Principles of Mensuration. A little explana-
tion of the principles of mensuration must be
given before we can pass on to practical work.
The area of any rectangular figure is found by
multiplying the length by the breadth. Suppose
we have a rectangular plot of ground 6 chains
long and 2 chains wide, we find the acres, roods,
and perches, thus—

6
2

1 Ans., 1a.,or, 32p.

2
4
8
40
32,0

As 10 square chains make I acre we divide the
first ‘multiplication by 10, or, in other words,
mark off I figure ; then multiply the remainder
by 4 to bring it to roods, which leaves nothing
on the lcft of the decimal point and shows no
roods ; then multiply the remainder by 40 to
bring it to perches, and we find it leavos. 32.
The area of a triangle when base and perpendicu-
lar are given is found by multiplying base and
perpendicular together and dividing by 2.
Suppose a triangular field with a base of 9
chains and a perpendicular from the opposite
angle 4 chains long.

Then—

Ans,1a,3r,8p.

When the three sides only of a triangle are
given, the rule is somewhat complicated, but
very important to be remembered. It is:
From half the sum of the three sides subtract each
side severally, then multiply it and the three
remainders fogether and take the square root for

(Continued on page 15)
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ARCHITECTURAL DESIGN

By T. . Bennerr, F.RI.B.A. and T. E. Scorr, A.RI.B.A.

LESSON 1

THE NATURE OF ARCHITECTURE

Introduction. The study of architectural design
falls into two general divisions.

Firstly, the scientific, in which are considered
the utilitarian and economic conditions; and,
secondly, the artistic, in which thesc material
conditions arc resolved into an orderly and
beautiful building.

In all buildings, scientific and artistic qualities
are present; they are inseparable, but since
there are so many varying types of buildings,
it nccessarily follows that they do not always
occur in the same degree. Nor will the artistic
qualities find expression in the same manner.

A Factrory BuiLpInNG

F1G. 1.

For example, the factory, at the one extreme,
is the strictly utilitarian structure, designed to
give the utmost cfficiency. The building illus-
trated in Fig. 1 shows the structural elements
left bare, with the spaces completely filled with
windows to provide the maximum amount of
daylight. It is also morc than a mere feat of
structural engineering ; the emphasis of certain
structural members gives an interest and variety
which would be absent if all of the stanchions
and girders were merely cased in the smallest
possible amount of profective material.

At the other extreme is the sculptured monu-
ment (Fig. 2), an edifice designed solely to make
an emotional appeal. There, the only scientific
requirements are the technicalities of the casting
and erection of the bronze statue and the base.

Both of these, however, together with all of
the multitudinous types of buildings between,
arc known as architecture, the relative degrees
of the scicntific and artistic qualities varying in
almost every case.

The stores building in Fig. 3 clearly illustrates
the presence of both qualitics, the provision of
ample lighting and display space by means of
windows and the wide, unobstructed shop-front,
while the application of architectural embellish-
ments to the bare structural necessities produces
a building which is not only useful but beautiful.

F16. 2. STATUE DE LA REPUBLIQUE, PARIS

Architectural design is a matter of compromise
and adjustment. All features must be given
their proper value in the composition, and be
perfect of their kind ; but constant care is neces-
sary, lest the excellence of any feature is obtained
at the expense of another, thereby sacrificing
the perfection of the whole for that of onc
part of it.

The perfect solution of an architectural
problem must be at once scientifically correct,
characteristic of its purpese, in harmony with
the surroundings, and economically sound, both



ARCHITECTURAL DESIGN 11

in first cost and in subsequent upkeep and
administration.

Design is the outcome of the study of the
attendant conditions in a problem. The know-
ledge required by an architect to enable him to
solve the problem is very extensive and varied.
An artistic ability of the first order is essential ;
the power to draw as rapidly and faithfully as
the mind conceives ; to visualize the building
and to give it good proportion and pleasing
detail. It is necessary to have a knowledge of
the works of the past in order that inspiration
may be drawn from them, not only in dctail
and ornament, but in spirit and character, which
are the real essence of architecture.

The architect must have a thorough under-
standing of the general requirements of modern
civilization, so that buildings may not only be
good to look upon, but efficient in service,

A sound knowledge of all methods of construc-
tion and their relative costs and qualitics is
essential, for not only must stability be assured
in all buildings, but their costs must always be
consistent with their economic values.

An appreciation of legal matters is always
necessary, in order that clients may be advised
upon the many problems connected with the
purchase and leasing of land, and the framing
of contracts, while an acquaintance with the
various Building Acts and by-laws, both legally
and technically, is indispensable.

Finally, an architect must possess sound busi-
ness acumen, both for the organization of his
practice, and in the interests of clients, on whose
behalf large sums of money may be handled ;
these must be spent with adequate regard for
their carning capacity, and in proportion to the
function of the works they are to provide.

An analysis of buildings will show that the
determining factors in architectural design may
be classified as follows: programme, site, climate,
cost, construction, beauty.

These factors are by no means disconnected ;
their influences are inter-related in a most com-
plex manner as soon as an architcctural problem
15 considered, although for purposcs of study,
such an analysis is necessary.

Programme. By this is meant the collection
of conditions and requirements of utility of a
proposed building. It is the prime reason for
the building, and, as such, must always be
uppermost in the mind of the designer. The
requirements of various types of buildings will
be dcalt with in detail later, but it is well to
consider this factor of the programme from

another point of view. Tradition and custom
have given a marked character to some types
of buildings. This is clearly the casc with
buildings of a religious nature in England, while
in America, banking premises have acquired a
character of their own, suggesting, in their archi-
tectural modelling, the stability and sccurity of
the concern doing business within their walls.
This character, or expression of function, is
certainly something to be aimed at, not only
for its acsthetic value, but also because of its
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Fic. 3. A STORES BuiLpING

real cconomic value to business and other con-
cerns.  Such expression must be anticipated,
and manifested in the architectural development
of the elevations from the plan which grows
out of the problem. The clements in a plan
must always be designed in proportion to their
function or service, and never be made mere
decorative units to produce a pretty pattern of
rooms and corridors. At the same time, no
opportunity of providing a pleasant grouping
should be lost, for it will be found later that
pleasant plans usually permit pleasant eleva-
tions. Although the plan is usually the chief
subject of utilitarian consideration, there are
cases where the section is of vital importance ;

for example, the sight and projection lines in a
cinema must determine the various dispositions
of the scating accommodation, the orchestra,
the screen, and the projection room.
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The programme of an architectural design
should always be dissected at the very begin-
ning, and the fundamental requirement, when
determined, must be constantly remembered
when working out the scheme.

The Site. Next to the requirements of utility,
the nature of the site is the most rigid condition
imposed in a problem. The size, shape, and
contouring of the site will immediately influence
the size and shape of the building, while the
aspect and prospect will determine the direction
in which various parts will have to face.

The site and its influence on the building will
be dealt with more fully in a later lesson.

Climate. The influence of climate on archi-
tecture is dual. In the first place, there is the
need for ample lighting and ventilation ; and
secondly, the nced for the protection, both of
the structure and of its occupants from the
weather. It will be found in the study of
historic architectural clements that climate has
exercised a greater influence on them than may
be at first apparent.

In England, with its temperate climate, the
light is not strong, and the cold in winter is
more severe than the heat in the summer. It
will be appreciated, then, that although thick
walls would appear a necessary protection
against cold, the large windows essential for the
ample lighting of rooms would ncutralize the
advantages so gained. In modern architectural
practice, therefore, a compromise is effected by
providing adequate windows for lighting, and
using artificial means of warming the building.

Cost. The limitations which the cost scts
upon design arc obvious. Not only must the
prime cost of a building be carcfully considered,
but also the subsequent cost of maintenance
and administration.

Construction. It is not in the scope of this
section to consider in detail the construction of
buildings, but the importance of construction

in architectural design cannot be exaggerated.
Since architecture has for its object the produc-
tion of beautiful buildings, it follows that all
designs must be buildable.  Architecture has
been produced not only as a fine art, but out of
and because of the need for buildings.  While
it is true that knowledge permits even the most
ambitious architectural conceptions to be con-
structed, it must be constantly remembered
that the perfect building is the one in which
the architecture grows out of the rational
construction of the required accommodation.
The study of the refined works of the Greeks,
the magnificent buildings of the Romans, and
the inspired cathedrals of mediacval builders,
will show that the essential structural elements
provided the basis for the architectural decora-
tion, cach being given beautiful proportion and
shape within the structural limits of the material
used.

Traditional forms and motives have, in the
majority of cases, developed from structure,
which is the fundamental basis of architecture.

In design, the material and artistic require-
ments of the programme must be logically
constructable, subsequent enrichment beautify-
ing the structural nucleus but never hiding it.

Beauty. Although the satisfaction of material
needs is the primary object of buildings, it is
the satisfaction of the artistic emotions which
characterizes them as architecture.

Beauty is not merely a matter of style and
decoration, or ingenious construction and fine
craftsmanship.

Those works which are accepted as architec-
tural masterpicces are of all styles and periods.
It may be asked, ** What is it then, that makes
a Gothic cathedral as acceptable as an Italian
palace ? 7

Careful analysis reveals certain  qualities
common to the best work of all ages. These
will be considered in the next lesson.
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MASONRY

By E. G. WarLAND
Instructor in Masonry at the I..C.CC. School of Building, Brixton

LESSON I
BUILDING STONES

Introduction. In studying the methods of pre-
paring blocks of stone and their combination in
a building to sccure the maximum stability of
the structure, while satisfying its requirements
from an architectural aspect, it is necessary for
the student to bhecome acquainted with some of
the various processes involved in converting
the huge blocks of stone, from the time they
arc removed from the stratum in the quarry,
until they finally rest in their predetermined
position in one of the large buildings in the main
thoroughfares of our citices.

The demand for stone, together with the speed
with which buildings are now being erected,
calls for well-organized systems of production
and the introduction of up-to-date appliances
and machinery.  Masonry, like other branches
of industry, has advanced during recent years,
but old methods of production are still in use in
various parts of the country. This is chiefly
because the local demand for the material has
not warranted any revision of methods, and in
some  districts  the material is more  readily
worked by hand labour than by machine.
Machinery is only introduced to cheapen the
cost and to accelerate production. The over-
head charges incurred through the installation
of machinery would not warrant its introduction
in these districts.

It is not sufficient for the craftsman to know
only how to shape a picee of rough stone to the
required moulds or templates.  He should be-
come acquainted with the material upon which
he operates, including its formation and general
characteristics, the districts having  quarries,
and the suitability of any particular stone for
building purposes.

Although the craftsman is not expected to be
a geologist, a certain knowledge bearing upon
the various stones used in building is necessary.
He should be able to tell a good weathering stone
from a bad one, and state the reasons for his
sclection. Knowledge is gained naturally by
the practical use of the various stones and by a

careful study of each, but it is essential to com-
binc this knowledge with the study of the
geology of building stones. The young crafts-
man cannot fully appreciate the material upon
which he operates until he has acquainted him-
sclf with the geology of stones, and has studied
for himself the various books on the subject.
The following list of books will be found useful
to the student - -

Greology of Building Stones, by J. Allan
Howe.

Stones and Quarries, by J. Allan Howe.

Building and  Ornamental Stones, by L.
Hull.

Building Slones, by J. Watson.

It is an engrossing subject, and once the
student begins drawing from this well of know-
ledge, his store of information will become a great
asset to him, combined with the knowledge ob-
tained by the practical use of the material.  Itis
not intended in these notes to deal fully with the
classification of building stones, but to guide the
student in a brief survey of the subject, and
leave him to seek for himself by studying the
books mentioned, and if possible, by visiting
some of the quarries from which well-known
building stones are taken.

Choice of Building Stones. It is not left to
the craftsman to select the stone for a proposed
building. The architeet decides what stone is
to be used, and the mason has to execcute the
work in the particular stone specified.  From
this point the architect depends upon the integ-
rity of the mason in the choice of the blocks and
their selection for the various positions in the
building, especially in regard to placing them in
their correct position relative to their natural
planes of cleavage.

In the selection of a building stone the student
is advised to study the various buildings in the
neighbourhood, and see for himself the condi-
tion of the stones and how they have weathered.

The chief points to notice are—

1. Situation of the building.
2. The aspect of the building.
3. Appearance and colour.



F1G. 1. GENERAL ViEwW OF THE MASONRY WORKS OF THE BBATH AND PORTLAND STONE FIRMS,
AT PORTLAND
Showing railway running direct into the masons’ shops, which are in the background
By kind permission of The Bath and Portland Stone Firms, Ltd., Bath

FiG. 2. DiAMOND SAW AND LATHE AT WORK AT PORTLAND MASONRY WORKS
The lathe is capable of turning stones up to 8 ft. diameter or 4 ft. 6 in. diameter, 12 ft. long
By kind permission of The Bath and Portland Stone Firms, Ltd., Bath
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4. Possible supply of blocks of similar stone
from the quarry.

5. Facility of working.

6. General characteristics.

7. Whether the stones arc placed with their
beds of cleavage correct in the building.

Situation of Building. This is very important
in regard to the life of a stone. Some stones are
known to weather well in an inland town atmo-
sphere, but suffer severely when exposed to sea
air. This applies especially to limestones. The
chemical constituent of rain water from the sea
and the salt bearing winds blowing from the sea,
attack the carbonate of lime. Limestones are
attacked more readily in towns than in country
districts, due to the air in towns containing more
sulphuric acid. But by a careful choice of a
limestone this can be minimized. Even after
every effort has been made to ensure that the
choice has been correctly made, a great deal
depends upon the selection of the individual
stones by the mason.

Aspect. Elevations exposed to the frequent
changes in temperature, such as due to the heat
of the sun and the prevailing wet winds (chiefly
south-west) suffer severely.

Colour and Appearance. The style of archi-

tecture and the various purposes for which the
stone is to be used should be studied when
choosing a stone. If for engineering purposes,
where strength and stability should be the chief
concern, the colour and appearance do not
matter to any great extent; but for com-
mercial buildings in our citics, churches and
country residences, colour is a very important
factor, and by a judicious choice of the various
stones, pleasing cffects can be obtained, though
this is somectimes at the expense of the dura-
bility of the building.

Possible Supply of Blocks from the Quarries.
It is important when choosing the stone to
ascertain whether quantitics of block-stone of
sizes suitable for the requirements of the pro-
posed building are available. It would be fatal
to comrmence building operations and then to
discover that blocks of the size required were
not obtainable.

Facility of Working. Thecre are several stones
that would pass tests quite well as suitable
for building purposes, but owing to the hard-
ness and density of these stones they would
not justify the installation of the machinery
necessary for their production at the rate
required.

LAND SURVEYING AND LEVELLING
(Continued from page o)

the area.
have— -

Area = /S (S-a) (S-b) (S-¢)
wherc a, b, and ¢, are the three sides respectively,

atbie

and S is half their sum, or S = -

Putting it down as a formula, we

. Sup-

pose the sides of the triangle to be 5, 4, and 3
chains long respectively, then—

5+4

—6 0-5=1 6X1x2X3
6-4=2 =36
()-—3:3 \/36:: .

_4

24

40 Ans,o0a.,z2r., 16 p.

16,0

In a four-sided figurc with two sides parallel
and perpendicular to the base, add together the

parallel sides, multiply by the base and divide
by 2. Suppose a ficld with two parallel sides
2} and 4 chains long respectively, and 6 chains
apart, we have —

4 + 2} = 6}, 6} X 6 == 39, 2 == 195

L95
_4
3,80
40
Ans,1a,3r.,32p. 32,00

Irregular four-sided figures arc divided up.
into two triangles by drawing cither diagonal,
and then cach triangle is calculated by one or
other of the two methods given. All ficld
measurements of lines should consist of not
fewer than three figures such as 3-25, 1-17,
025, 004, with or without the decimal point,
the last two figures always standing for links and
the remainder for chains. Offsets are marked

only by the necessary figures and all in links.
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JOINERY

By T. CorkHiLr, F.B.L.C.C,, M.1.Strvcr.E., Double Medallist

[LESSON 1
INTRODUCTION

This scction, together with the sections on
“ Carpentry,” Staircasing,” and “ Geometry,”
is intended to give the joiner an insight into the
intricacies of his craft.  He will find all that he
requires to make him competent to face the
problems with which he may have to contend.
The problems are not new ; they have always
been associated with the working of wood ; but
the increasing use of machinery has given many
of them a new aspect. There are very few
materials which give so much pleasure and
satisfaction to the craftsman as timber. An
artistic and well finished picce of woodwork is
an abiding joy to the maker ; and nearly every-
one who strives patiently can attain the satisfac-
tion of producing the very best results. Most
boys, whilst still at school, are filled with a
desire for woodworking ; but only a few of
those who eventually follow the craft remain
sufficiently enthusiastic to equip  themselves
thoroughly and ecfficiently with knowledge as
well as with tools.

It is often contended that the joiner of to-
day is not so capable as those of previous
generations.  Certainly many of them have not
the same opportunitics of learning their craft
whilst at work, but there are many joiners of
to-day as capable as any in the past. This is
however, not sufficient ;  everv joiner should
strive to make himself competent. Some men
will always excel, but everyone has the ability
and power to improve himself by careful study.
If the student conscientiously works through
the lessons he will feel better equipped and more
confident to face the various problems met with
in the course of his work.

The first thing the joiner requires is a know-
ledge of the tools and materials used in his work.

4

TOOLS

Purchase and Care of Tools. With regard to
the tools, the joiner is entirely responsible and
it behoves him to make a very careful selection.
The finish of a job depends nearly as much on

the tools as upon the craftsmanship.  Good
quality tools arc essential ; inferior tools arc
dear at any price. It is not the quantity but
the quality of the tools which tell in the produc-
tion of good work. The beginner should buy
from a reputable firm, and should scek the advice
of an experienced joiner when purchasing. H
should avoid combination tools as a general
rule ; “one tool one job,” is a good maxim.
When he has obtained the tools, he should take
a pride in them and keep them in good condition,
clean and sharp.  He is then on the highway
towards making a good job.

The tools shown have been illustrated from
the catalogues of R. Mclhuish, Fetter Lane,
E.C4., and S. Tyzack & Son, Old Street,
Shorediteh, E.C.

WOODEN PLANES

The planes are the most important and
expensive part of the equipment, but it is not
necessary to have a large assortment at the
beginning. It is essential to have what are
usually called the bench planes, that is, the jack
plane, smoothing plane, trv plane, and rebale
plane . the others are added as the occasion
requires them.  The usual types of wooden
planes are shown in Figs. 1 to 125 they are all
made of best quality beech wood.

Jack Plane. This is used in rough work for
planing up the stull as it comes from the saw,
and for planing off large quantities to reduce the
size or straighten the surface. It is very con-
venient to handle, the body or sftock, being
about 17 in. by 3 in. by 3 in. The handle is
glued into a slot in the body of the plane.  The
wedge @, Ifig. 2, fixes the droms ¢, and the
mouth and throat m allow the shavings to escape.
The sole b of the body should be at right angles
to the medullary rays to give the best resistance
to wear.

Plane Irons. A longitudinal section through
the mouth of the plane is shown in Fig. 13, with
an inverted plan of the sole b, The drons, C,
consist of two parts, the cufting iron, or blade,
and the back 7ron. The cutting iron is showr in
Fig. 14, and the back iron in Fig. 15. The
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former is made of iron with a steel facing « ;
this makes the blade easy to grind and sharpen.
The grinding angle g is about 25 degrees and
the sharpening angles about 35 degrees; but
both angles depend upon the nature of the work,

[F1G. 13. SECTION OF PLANE

as will be explained later. Tt is usual to
sharpen the jack plane iron slightly round as
shown at b, because of the thick shavings which
it has to remove.  IFor the smoothing and try
plane irons the edge should be straight, with
the corners sharpened off to prevent plane
marks being left on the stull.

The back, cap, or cover, iron is made of stecl ;
the brass nut « is fixed to the steel and receives
the screw b, Fig. 13 shows the two irons in
position.  For the smoothing and try planes the
back iron is set back from the cutting edge
about ! in., and for the jack plane, about
{in. TFor hardwood or cross grain these
distances should be halved.  The action of the
back iron is to break the shaving s as it is cut
and to bend it over, thus preventing the fibres
from splitting along the grain in front of the
cutting edge.  To assist the action of the back
iron it is necessary that the mouth m, Uig. 13,
should not be too open in front of the cutting
edge. When the plane is new the mouth is
often too close, but it soon wears more open,
and cventually it has to be closed by letting a
boxwood mouthpicce p into the sole.  The planc
irons are usually 2} in. wide. The cutting iron
gencrally tapers in thickness, but a parallel
iron is preferable because it does not require
refitting after repeated sharpening, and doces
not open the mouth when worn down.

Successful planing depends upon a sharp cdge,

EDUCATOR

wellfitted irons, and a straight sole. It is
generally the second feature which gives trouble.
It is impossible to give too much attention to
the fitting of the irons, both in the body, and
one to the other. Badly fitted irons cause
chattering, or vibration, and choking. The irons
should be set fine for hardwood, that is, the back
iron should be close to the cutting edge; and
there should not be much ook on the plane, that
is, the plane should remove thin shavings.

Smoothing Plane. This plane, Fig. 1, is used
for finishing off the surface preparatory to
scraping or sandpapering. It is about 8 in.
long, and made from a piece of 3 in. by 3 in.
beech. A metal front, Fig. 16, is usually fitted
to thc smoothing plane when the mouth is too
open.  The front s is let into the sole of the
plane, and carries a slot to receive a small nut #.
A screw a passes through the nose of the plane
and engages with the nut to fix the plate s, The
screw head rests ina cup e

Trying Plane. The trying plane, Fig. 3, is
the largest of the bench planes. It is similar to
the jack plane except for the closed handle, and
is used for straightening surfaces.  The body is
about 23 in. long, and it is usually about 3} in.,
square, with a 2} in. iron. A jointing plane is
similar to the trying plane but longer ; it is used
for making long joints, but very few joiners
possess one.
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Care of Planes. All the wooden planes should
be well soaked in raw linseed oil before being
used. This lengthens the life of the plane,
reduces the friction on the sole, and adds to the
appearance. They should be wiped occasionally
with an oily rag for the same reasons. Some
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joiners mix a little burnt ochre with the oil for
wiping the surface, this gives a darker and more
mature appearance to the planes. The wedges
should be eased and the irons knocked back when
the plancs are not in use,

Rebate Plane. The rebate, or rabbet, plane,
Iiig. 4, is intended for planing in corners ; hence
the iron, which is a single
iron, is the same width as
the body. The iron is placed
on the skew to give a shearing
cut and clearance for the
shavings. The usual thick-
ness is 14 in., but they may
be obtained in various thick-
nesses up to 2 in.

The badger is similar to a
jack plane in size and shape,
but the irons are arranged as a rebate plane
on the off side of the stock.

The Stanley rebate plane is about 2 in. wide,
and fitted with double irons like the smoothing
plane. It is easily adjusted and makes a good
finish.

Plough. The plough, Fig. 5, is used for
making grooves.  The fence f1s adjusted to the
required distance by the wooden nuts #, which
run on the two spindles s, The depth of the
groove is tegulated by the stop p, which is
adjusted by the thumb-serew £ The metal
runner 7 is screwed to the body. There are
usually about eight bits, or irons, ¢, of different
sizes supplicd with the plane.  The bits have a
projection at the top for adjusting for “ hook,”
they are fixed in position by the wedge @.  The
plough may be obtained with or without handle.

Fillister. This is a rcbate plane with an
adjustable fence f, Fig. 7. The fence is slotted
and is fixed in position by two screws under-
neath. The depth of the rebate is regulated by
the stop s, which is adjusted by the thumb-
screw £, A side cutter ¢ marks out the rebate
in front of the cutting iron.

The sash fillister is like a plough in shape,
and cuts the rebate on the back edge of the stufl
whilst working from the face side.  The fillisters
are seldom used becausc rebates arc convent-
ently made by the plough and rebate plane, even
where no machines or circular saws are avail-
able.

Bead Planes. Fig. 6 illustrates a bead plane ;
it is so often required that nearly every joiner
possesses two or three different sizes,  The

I'1G. 10
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most common sizes are } in., § in., and § in., but
they may be obtained much larger.  The strip b
is made of boxwood to prevent wear.

Hollows and Rounds. These planes are shown
in Figs. 8 and g; they are used to plane up
convex and concave surfaces. They may be
obtained in various sizes and are usually sold
n pairs. A complete set consists of cighteen
pairs.

Match Planes. Matching plancs, or tonguing
and grooving plancs, arc shown in Figs. 11 and
12. They are sold in pairs and are used to form
the tongues and grooves on match-boarding, etc.
The grooving plane, Fig. 12, has a metal plate p
to run in the groove; the iron is not adjustable,
so that the groove is always the same distance
from the face side.

Mther Moulding Planes. There are many
other forms of moulding plancs, such as ovolo,
lamb's tongue, ogee, reed, torus, ctc., but they are
not so often used as formerly, because of the
increased use of machinery. It was customary
twenty years ago for every joiner to have thirty
or morc moulding plancs of different descrip-
tions ; but to-day very few joiners possess more
than one or two beads, ovolos, and hollows and
rounds.

Old Woman’s Tooth. Iig. 10 shows the
router, or old woman’s tooth. It is used for
cleaning out trenches to the required depth. A
trenching plane is in the form of a rebate plane,
but it has two side cutters because it is intended
for grooving across the grain.

Spokeshave. This is shown in Fig. 17; it is

I16. 17. WOODEN SPOKESHAVE

used for planing small circular work. The blade
b is fixed in position by two tapered tangs, cast
on the blade, which pass through the body. It
is adjusted by tapping the blade for less ‘‘ hook,”
or the ends of the tangs for more ““ hook.” The
body is made of beech or boxwood.

Other Wooden Planes. Therc are many other
forms of wooden planes, but generally they have
been superseded by metal planes. Thumb
planes, however, are usually of wood. They
are very small planes of various shapes and are
mostly used for wreathed handrailing and circle-
on-circle work.
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BRICKWORK

By WiLLiaM BLABER
Lecturer in Brickwork at the Novthern Polvtechnic, London

LESSON I
INTRODUCTION

It is not the writer’s intention in this section to
enter at any length into the history of the craft.
Suffice it to say that ancient it is, dating back,
according to Biblical history, to the building of
the Tower of Babel and the city walls of Babylon.
It is recorded in the pre-Christian era by the
important structures of ancient Greece and
Rome, and was eventually introduced into this
country about A.D. 44.

Its existence appears to have been spasmodic
up to the year 860, and no rcal progress was
made until the thirteenth century. Irom that
time to the end of the seventeenth century
some of the finest examples of brickwork in
history were produced.  The beauty of line and
form in many of the brick buildings of the
fifteenth and sixteenth centuries shows a skilful
and masterly appreciation of art. Iispecially
is this noticeable in the beautiful examples of
the Renaissance buildings.

I believe an appreciation of the beauties of
a craft to be essential to the making of a good
craftsman, and feels compelled to consider the
association of art with this particular craft,
instead of immediately introducing the subject
with the usual definitions of brickwork, bond,
ctc. I would rather appeal, first of all, to the
artist in the student.

Many fine examples of the use of brickwork as
an ornamental feature are still in existence.
In these, the artistry of the craftsman is made
apparent by the well-balanced lines and curves
of his work, as distinct from the designer’s
cfforts.

Art is inseparable from knowledge, and can-
not be possessed in ignorance.  The imagination
is seldom free from intellectual and practical
elements, and these, if cdltivated, will enable
the craftsman to give tangible expression to his
ideas, There can be no artistry in bad crafts-
manship, and a revival of this ancient art can
come only with a revival of that spirit and
ambition possessed by the brick builders of the

sixteenth and seventeenth centuries, and exem-
plificd in somge of the ancient buildings still in
existence. These stand pre-eminent as speci-
mens of a workmanship of which the principles
have altered little with the passing of the years,
and remind one of Kipling’s ** The Truthful
Song.”
The Bricklayer :
1 tell this tale which is strictly true,

Just by way of convincing you

How very little since things were made,

Things have altered in the building trade.”

The student, therefore, should endeavour to
obtain a good knowledge of the materials of his
craft, and the possibilitics and limitations of
their application.  The latter may more readily
be observed by frequent visits to some of the
existing brick masterpicces.  Among these are
St. James's and Hampton Court Palaces, the old
palace at Richmond, Esher Water-tower, and
the cloisters of Windsor Castle.  Deserving of
particular attention is the Temple, as the
entrance to the Middle Temple is executed in
rubbed brickwork. Kew Palace, built 1613, is
an intercsting example of craftsmanship. The
quaint columns and the pilasters over the front
entrance arc particularly worthy of notice ; also
the Orangery at Kensington Palace.  Excellent
examples of modern craftsmanship may be scen
in and around London : St. Paul’s Schools,
Kensington, the City and Guilds Technical
Institute, IExhibition Road, South Kensington,
and the Midland Hotel, St. Pancras Station,
being among the finest. Various private resi-
dences in Cadogan Square, Belgravia, and Fitz-
John’s Avenue, Hampstead, are fine specimens
of modern brickwork. A fine instance for the
use of various coloured bricks for ornamental
purposes is given by the old Philological School
in Marylebone Road.  This building was erccted
about the end of the eighteenth century.

The forcgoing are mercly cited as examples,
and the student would be well advised to visit
any modern specimens of the bricklayer’s art
which are within his own knowledge.

The trade presents unlimited scope for the
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craftsman possessing expert knowledge, by rea-
son of a general shortage of men in the trade
and a serious dearth of rcally capable mechanics.
Many parents have, in the past, objected to
their boys cntering this trade, principally on
account of the supposed dirty nature of the
work, and the impression that it was largely
scasonal, and therefore precarious.  There may
have been reason for the latter impression many
years ago, although the writer’s .experience of
between thirty and forty years has been very
favourable in this respect. Employers gener-
ally appreciate the services of a reliable man,
and he loses very little time unless the severity
of the weather is such as to make work practi-
cally impossible.  Of late years these conditions
have been rare. Much is also being done to
climinate loss of time due to stress of weather
by providing temporary coverings to buildings
in the course of crection.  The rates of pay and
the conditions of employment have improved
so much of late years as to make the {rade, in
the opinion of the writer, a desirable onc;
particularly when the possibilities for many
years to come are fully considered.

Apprenticeship. This period ranges from three
to five years, with rates of pay varying from
-2 of current rates during the first year to -7
during the last. The current rate of pay in
Londun and many of the provirces is, at the
time of writing, 1s. 9d. per hour.

Possibilitics open to the carnest student are
various. The post of foreman bricklayer carries
with it an advance of from 1d. to 2d. per hour on
current rates, while the positions of general
foreman and clerk of works produce from £5 to
£8 per week.

Many important positions in the cducational
world are being filled by men who were at one
time employed in the craft.  There is also the
prospect of becoming an employer to be con-
sidered.

It is therefore apparent that the advantages
of the trade far outweigh its disadvantages,
especially when presented to the young artisan,
who, not content with mere manipulative skill,
is prepared fully to cxtend his mental faculties.

It is the writer’s intention to deal with the
indispensable rudiments of the trade as thor-
oughly as possible in the space available, and

to simplify the more complex matters by pro-
cesses which are the outcome of his own diffi-
culties in the school of experience.

BRICKS

Manufacture. Bricks are manufactured from
clay or loamy earth, the suitability of which is
determined by practical trials and chemical
analyses.  The mcthod generally used is to
manufacture, by the ordinary processes, a test
brick from the selected carth. If this proves
unsatisfactory, chemical analyses will generally
suggest additions of an improving nature. Brick
earths are seldom found ready for use without
special preparations, and the constituents of
vat.ous carths differ to a great extent.

Processes of manufacture vary considerably
throughout the country, and even in adjacent
brickyards, but the following are general-—

1. Preparation of the earth ;

2. Moulding ;

3. Drying ; and

4. Burning.

The finished articles may be classitied thus --

1. Hand-moulded bricks (clamp burned) ;

2. Machine-made wire-cuts (kiln burned) ; and

3. Machine-made pressed bricks (kiln burned).

In the first process of manufacture, clay-
getting takes place in the autumn. The top
spit of carth, containing vegetable matter, is
removed, the clay being dug and then heaped up
on a level picce of ground, when all stones are
carcfully removed by hand.

The earth is spread in layers, with inter-
mediate layers of coke breeze and liquid chalk
to a thickness of four or five feet.  This pile is
left during the winter, the action of frost and
snow disintegrating the mass. If a superior
brick is required, the carth and chalk are mixed
in wash-mills, passed through sieves into settling
pits, and the excess water drained off.  When
fairly firm, the sediment is covered with a layer
of ashes, and the whole left to disintegrate as
before.

In the spring, the mass is ground in a pug-
mill. This machine has a stationary cylinder,
with revolving knives, which cut and knead the
clay into a plastic state, fit for the moulder.
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BUILDER’S GEOMETRY

By RicHARD GREENHALGH, A.LSrtrRUCT.E.
Honours Medallist in Geomelry

LESSON 1

DRAWING INSTRUMENTS AND
MATERIALS

Introduction. Geomcetry might be defined as
the scientific basis of technical drawing ; in fact,
practical geometry and technical drawing are
often used as interchangeable terms. It is indis-
pensable to the architect who designs the build-
ing and to the craftsmen who construct the
the building. An architect might be able to
draw a tracery window without a knowledge of
geometry, but he would only do so slowly and

F1g. 1. SMALL BoArD, T-SQUARE, AND SET-SQUARES
inefficiently ; so, likewise, a carpenter could cut
his roof bevels by trial and error, or by various
practical makeshifts, but he would takelonger and
make a poorer job than if he had a knowledge
of geometry.  And the same remarks apply to
innumerable details and aspects of building
construction.

In studying this subject, the student is
advised that reading is of little usc in itself ;
the various examples should be drawn out. In
this way he will not only hetter understand the
methods given, but he will gain skill and facility
with his drawing instruments, and the various
principles will be impressed on his mind.

Geometry is often divided into two branches
-—plane geometry and solid gecometry. Plane
geometry treats of geometrical figures, and not

with solid objects ; it is often termed geometrical
drawing.

The most difficult part of geometry is solid
geometry, which deals with the drawing of
objects requiring the use of three dimensions in
space. Such branches of building as handrailing,
skew arches, and circle-on-circle work require a
sound knowledge of solid geometry if they are
to be understood thoroughly.

Many craftsmen are somewhat afraid of solid
geometry, and look upon it as something very
difficult and even mysterious. It is nothing of
the kind. In fact, there is hardly another sub-
ject in which mere common sense and a little
imagination will carry the student so far.  But
visual imagination, that is, the faculty of pic-
turing the objects in the mind’s eye, is a great
asset.  The ability to draw out a certain problem
is of little use unless the student knows why it is
done. - But when only even a few principles in
solid geometry have been thoroughly grasped,
the student can apply them with facility to
many practical building problems.

The following lessons have been arranged to
explain in a progressive manner the principles
of geometry most useful to builders and archi-
tects. After describing the instruments required
and their use, simple geometrical constructions
are explained, followed by more difficult applica-
tions, chiefly in solid gcometry. Other par-
ticular applications belonging more strictly to
one or other of the various trades are dealt with
in their special sections.

Drawing Boards. All drawing boards should
be made of soft wood, usually yellow pine, so
that the drawing pins can be casily inscrted and
withdrawn. The size required will vary accord-
ing to circumstances. For technical school work
it is usual to have a board 23 in. by 16 in. ; this
size will take half imperial paper (22 in. by 15 in.)
and leave a margin of half-inch all round. TFor
office work, a larger board, 31in. by 23in., to
take imperial paper, or a board 42 in. by 291in.,
to take double clephant paper, 40 in. by 263 in.,
is gencrally used.

Small boards, say up to half imperial size,
may be made of 1 in. pine boards, glued together
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to give the necessary width; two battens, a,
about 2} in. wide, as shown in I'ig. 1, are tongued
and grooved or mortised and tenoned to the ends
to prevent warping.  Three:ply boards are much
used, and these consist of three pine layers, the
grain of the centre layer running at right angles
to the top and bottom layers to prevent twisting.

For large boards, the best construction is
shown”in Iiig. 2, which shows the back of the
board. Here, the pine boards are glued up to
the required width, and two battens, «, about
3in. by 1in., are then screwed to the back to
prevent warping. The screws pass through slots
in the battens, the slots having slotted washers
sunk into the battens; this allows the board
to expand and contract, but at the same time
keeps it flat.  The back of the board is usually
grooved at about 3 in. intervais to nearly half
its thickness, so that the screws can casily bend
the wood and hold the back of the board tightly
to the battens.

One edge (the left-hand edge) of the board is
often grooved and fitted with a slightly project-
ing slip, b, of chony, the strip being sawn throngh
at intervals to allow for contraction of the
board. This strip forms a good cdge for the
stock of the T-square to run against, and it can
be easily planed if it gets dented or becomes
crooked. ’

A good drawing board has two chief charac-
teristics: a smooth, straight edge for the T-square
to slide against, and a reasonably flat surface. [t
is not essential that the board should be dead
square ; a draughtsman only uses his T-square
against the left-hand edge; vertical lines are
drawn with a sct-square. If, however, the
working cdge of the board is not straight, it is
impossible to draw parallel horizontal lines.

Drawing Paper. There are many varictics of
drawing paper, but for ordinary drawings or
students’ work ** cartridge " is generally used. It
may be obtained in cither rolls or shects, the
chief sizes of the latter having alrcady been
given. The rolls are usually 30 yd. long and
301n. or more in width. Cartridge paper can
be obtained in various thicknesses and qualities.

For important work, or where the drawings
have to be coloured, a hand-made paper is
advisable ; Whatman's is perhaps the best
known, but therc are many other makes. Hand-
made paper is also made in various thicknesses,
and with cither a ‘“ smooth” or a “ rough”
surface, the latter being the better for coloured
drawings.

Bank Delail Paper is a thin, semi-transparent
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paper ; it can be used for drawing large-scale
detail views or as a substitute for tracing paper.
Tracing Paper is used chiefly for copying
drawings in ink, but it is also employed for large
details.  Tracing cloth has the characteristics of
tracing paper, but is more durable and not
easily torn ; one side is dull and the other glossy,
the dull side being used for drawing upon.
Squared paper is sometimes found useful for
making sketches, and can be obtained with
various sizes of squares, usually } in. and };in.
Drawing paper is dealt with in more detail
in the scction on ““ Architectural Drawing.”
Drawing Pins. I'our pins are gencrally re-
quired, one for cach corner of the sheet, but for
large drawings cight pins are often used. The
pins should have a thin and slightly curved head,
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so that the T-square will pass casily over them,
The heads should be rather large, say about
3in. i diameter.

India-rubber. A soft rubber should be used ;
the hard composition “ rubbers” should be
avoided.  Ink erasers, which are made of a
hard, gritty composition, can be obtained ; they
are useful for erasing ink marks, but they should
not be used for rubbing out pencil marks, as they
injure the surface of the paper. A sharp pen-
knife is, however, generally employed for erasing
ink lines.

T-Square. The length of the T-square, Fig. 1.
should be such that the blade is about an inch
longer than the drawing board. Ordinary T-
squares arc usually made of pear wood ; the
blade should be tapered and bevelled at the
drawing cdge, but very cheap makes are made
with the blade parallel and without bevel. The
blade must be screwed firmly on the stock ; it
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is not very important that the blade be accu-
rately at right angles to the stock, but the joint
must be rigid.

Fra. 3.

FRAMED WOODEN SET-SQUARE

The best T-squares are made of mahogany and
have an ebony working edge. Some arc pro-
vided with a celluloid edge, which is very
convenient but is easily damaged.

O

F1G. 4. TESTING RIGHT-ANGLE OF SET-SQUARE

Set-squares. Wooden set-squares, usually
made of pear wood, were at one time largely
used, but they have been largely displaced by
set-squares made of celluloid.  If wooden set-
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TIG. 5. ADJUSTABLE SET-SQUARE

squares are used they should be framed (see
Iiig. 3), so that any shrinkage of the wood will
have the minimum effect on their accuracy.

The great advantage of celluloid set-squares is
that they are transparent and the lines under-
neath them can be scen.

Two set-squares (a pair) arc required, as
shown in Fig. 1, one being known as a 45° set-
square and the other as a 30° or 60° sct-square.
A convenient size has a long edge of abont g in.

Perhaps the most important feature of a
set-square is that the right angle should be
accurate, and this is tested as shown in Fig. 4.
Place the sct-square on the T-square and draw
a line ; then turn the sct-square over and draw
another line near to
the first line. Tf
the two lines arc
parallel, then the
right angle is
correct ; but if not,
then the angle is out
of truth by half the
small angle between
the lincs.

mended, is the
adjustable set-square
shown in Fig.5. It
will perform all the

A type of set- g
square now largely g
used, and which can 4
be highly recom- g’

functions of hoth | B
the ordinary  sct- F1G. 6. Cniser AND CONICATL
squares, and of a POINTS

protractor as well,

The arm is pivoted so that it can be adjusted to
any required angle by means of the scale, and
fixed in position by the screw.  The latter screw
is also very handy for lifting and moving the
sct-square.

Pencils. [t pays to buy good pencils; they
work smoothly, are free from grit, and do not
break casily. Perhaps the best make is the
Koh-i-Noor.

Pencils arc made in various degrees of hard-
ness from 6B to 611, as follows- -

BB, B, B, F, HB, H, HH.

A HH pencil is satisfactory for most
drawings, and a F pencil for writing and
lettering. Hexagonal pencils are better
than round ones, as they do not roll about

the board.

The drawing pencil may be either sharpened
to a conical point or to a chisel edge (see Fig. 6).
The chisel edge lasts longer and gives finer lines
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than the ordinary point, but it is not so con-
venient to use. The point should not be stumpy,
but should be about 1} in. long.

After sharpening with a penknife, the point
should be rubbed up on a piece of fine glass-
paper. Most draughtsmen have a strip of glass-
paper glued to a small piece of wood for this

Fra. 7. DRAWING HORIZONTAL LINES

DRAWING PERPENDICULAR LINES

I, 8.

purpose.  Small sharpening blocks, containing
about a dozen strips of glasspaper pinned
together, can be purchased.

Drawing Straight Lines. Lorizontal lines are
drawn with a T-square, care being taken that it
is held firmly to the left-hand cdge of the board,
as shown in Fig. 7. Vertical lines are drawn
by placing a set-square on the T-square, both
instruments being then held gently but firmly
with the left hand while the line is drawn.
Fig. 8 shows a line being drawn along the right-
hand side of the set-square, the pencil being

25

moved towards the draughtsman. In Fig. 9
the line is being drawn along the other side of
the sct-square, and the pencil point is moved
away from the draughtsman. It is very bad
practicc to draw vertical lines by using the
T-square against the top or bottom edges of
the board.

I'16 9.

L e 4

4

'IG. 1o, DRAWING PARALLEL SLANTING LINES

Slanting parallel lines are drawn by using a
set-square, as shown in Iig. 10. Suppose one
or more lines have to be drawn parallel to ab.
Place one set-square .1 parallel to ad, and then
place another set-square B on the T-square
against an edge of the first set-square. Slide
the first set-square forward to the required
positions and draw the lines.

Other lines at right angles to the first lines
can be drawn by holding the second set-square
in position, and turning the sccond set-square
to the position shown at 4.
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BUILDING SCIENCE

By Raymonb R. BurLEr, M.Sc,, ALC,, F.CS.

LESSON 1

CHEMISTRY OF BUILDING
MATERIALS

Introduction. A detailed examination of the sub-
stances available for use as building materials,
and of their resistance to various forms of corro-
sion, involves a knowledge of their chemical and
of their physical properties. It will be con-
venient if we deal with the chemical aspects

chemical differences. These can be revealed
to a certain extent by the use of the microscope.

In Fig. 1 we have a photomicrograph of a
cross section of granite from Rubislaw, Aberdeen,
in which three distinct crystalline substances
can be obscerved. Geologically, we find that
there are three principal crystalline minerals
usually to be found in granites, which are termed
felspar, quartz and mica. Felspar and mica are
found to be complex chemical substances pro-
duced by the fusion of sand (silica) with other

PHOTOMICROGRAPH OF RUBISLAW GRANITE
(ABERDEEN)

Showing crystal structure

16, 1.

first, including in our study any microscopical
cevidence available to us.

A simple experiment will demonstrate the
essential  difference  between  limestone  (or
marble) and the much harder building stone—
granite. If we pour a comparatively strong
acid, such as hydrochloric acid (spirits of salt),
on to a small portion of each of these substances
we find that the acid has little or no effect on the
granite, but rapidly attacks the other stones, des-
troying the fabric and causing the evolution of a
gas which we term carbon dioxide (carbonic acid
gas). Apart, therefore, from any physical differ-
ences which exist in the stones, there are definite

PHOTOMICROGRAPH OF BATH STONE
Showing rounded (oolitic) grains of ealcium carbonate

16, 2.

materials found in the earth’s crust, and they
arc known as silicates ; quartz, on the other
hand, is just crystalline silica (Si0,), onc of the
most resistant and refractory materials known
to us. The sand of the scashore is composed
almost entirely of this material. The dense
compact nature of granite has been produced by
the slow cooling of fused masses of rock below
the earth’s surface, resulting in the formation of
very hard crystalline masses.

Neither felspar, mica, nor quartz, is appreci-
ably attacked by hydrochloric acid.

If we examine a photomicrograph of Bath
limestone (Fig. 2) we find a totally different
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structure. We have here a partly crystalline
mass in which the main bulk of the stone consists
of rounded grains, resembling the eggs in the
roe of a fish. It is this shape of the particle
which has led us to call the Portland and Bath
stones oolitic limestones.

Chemically they consist mainly of a material
- —calcium carbonate (CaCQ,)—very widely dis-
tributed over the carth’s surface. The cliffs of
Beachy Head; the ‘“ middle-chalk " quarried
at Beer in Devon ; the white marble of Carrara ;
the dark marbles and hard limestones of the
Devon quarries ; the coral and shell formations
slowly forming on the bed of the occan; and
the stalactites and stalagmites of a limestone cave
are all examples of the part played by calcium
carbonate in the formation of the earth’s crust.

In Tig. 3 we have a photomicrograph of the

PHOTOMICROGRAPH OF CARRARA MARBLE
Showing crystalline calcium carbonate

I1a. 3.

white crystalline calcium carbonate found at
Carrara in Italy, consisting almost entirely of
calcium carbonate. In this photograph we find
no cvidence of the oolitic structure which is the
characteristic of Bath and Portland stone. In-
stead, we have a close-grained crystalline struc-
ture, differing from that of granite in containing
only one type of material instead of three.

Both this and Bath stone—-in fact, all mate-
rials containing CaCOy—are readily attacked by
acids, with the consequent deterioration and
corrosion of the stone.

Elements and Compounds. Lrom these con-
siderations alone it will be obvious that we

must pay some attention to the chemical nature
of matter before proceeding to any intimate
study of building materials.

Certain substances, such as iron, carbon,
sulphur, calcium, oxygen, nitrogen, zinc and
lead, arc defined as elements. They resist all -
attempts to scparate them into new and simpler
substances. If these elements were merely
mixed together in building materials, their
scparation would be simple. They are fre-
quently, however, more intimately connected
one with another, and such combinations of
elements are termed compounds.

Thus, white lead is a compound of lead,
carbon and exygen ; quicklime isa compound of
calcium and oxygen ; marble consists mainly of
calcium carbonate, which is a compound of
cal- itum, oxygen and carbon.

Symbols. To facilitate our studies of the
chemistry of nature we devise symbols to
designate the clements, and in this kind of
chemical shorthand we are able to express not
only the simpler statements of chemical com-
bination, but also any numecrical considerations
involved. This is rendered possible by our con-
ception of atoms and atomic weights.  We find by
very careful analysis that the atom of the
clement carbon is approximately twelve times
as heavy as the atom of the element hydrogen,
while the atom of the element calcium is practi-
cally forty times as heavy. We can write, there-
fore (in our chemical shorthand), Carbon as C,

TABLE 1
CHIEF ELEMENTS CONNECTED WITH
BUILDING MATERIALS

. Approximate

Name Symbol A t(lnlnic Weight
Aluminium Al
Barium Ba 137
Calcium Ca 40
Carbon C 12
Chlorine C 35
Copper Cu 03
Hydrogen H 1
Iron . I'e 50
[ead . Pb 207
Magnesium Mg 2.
Nitrogen N 14
Oxygen 0 16
Potassium K 30
Silicon Si 28
Silver . Ag 107
Sodium Na 23
Sulphur S 32
Tin . Sn 119
Zinc . 7Zn 65
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Hydrogen as H, Calcium as Ca, Oxygen as O,
and so on.

Moreover, we agree to indicate by the symbol
C one atom of Carbon, whose atomic weight is
12 ; by Ca one atom of Calcium, whose atomic
weight is 40; and by O one atom of Oxygen,
whose atomic weight 1s 16. A short table of the
chief elements found in building materials is
given in Table I.

Chemical Equations. Chemical calculations

Common Name

Ammonia
Sal Ammoniac .
Alum

Carbonate of Lime
Chloride of Lime
Carbonate of Magnesia
Chrome Yellow
Epsom Salts
(;lauber’s Salts
Green Vitriol
Heavy Spar
Litharge .

Nitre

Quicklime

Red Oxide of fron
Red Lead

Salt .

Spirits of Salt
Silica .

Slaked Lime
Sulphate of Lime
Vinegar .
‘Washing Soda .
White I.cad
\White Vitriol

Zinc White

that quicklime contains one atom of calcium and
one atom of oxygen; that carbonic acid gas
contains one atom of carbon and two atoms of
oxygen.

So that, returning to our calculation, 100
parts of pure calcium carbonate will yield 56
parts of quicklime, when suitably heated. This,
expressed in suitable units of weight, means that
100 grm., or oz, or tons of CaCQ, yield 50
grm., or oz., or tons (respectively) of quick-

TABLE 11
SoME COMMON SUBSTANCES WITH FFORMULAE

Chemical Name

Ammonium Hydroxide
Ammonium Chloride

Potassium Aluminium Sulphate

Calcium Carbonate
Calcinm Hypochlorite
IMagnesium Carbonate
[.ead Chromate
Magnesium Sulphate
Sodium Sulphate
Ferrous Sulphate
Barium Sulphate
Lead Monoxide
Potassium Nitrate
'Calcium Oxide
iFerric Oxide

Red Lead

'Sodium Chloride
'Tydrochloric Acid
Silicon Dioxide
‘Calcium Hydroxide .
Calcium Sulphate
Acetic Acid

Sodium Carbonate
Basic Lead Carbonate
|Zinc Sulphate .

Zinc Oxide

are thus rendered much more simple than if a
system of words was required.

For example, when chalk or limestone is
heated, quicklime is produced and the gas, car-
bon dioxide, is driven off. This, in our system
of symbols, becomes—

CaCO;  heat CaO + CO,
carbon
(chalk) (quicklime) (dinxidc)

If we give to the elements represented here
their atomic weights, we find that (40 + 12 +- 48)
parts of chalk yield (40 + 16) parts of quicklime,
and (12 + 32) parts of carbon dioxide. This
follows from the fact, expressed in the cquation,
that chalk consists of one atom of calcium, one
atom of carbon, and three atoms of oxygen ;

Geological Name Formula

INH,OH

INH,C

1450, Al

(S0y)5, 24H,0

CaCO,

CaOClL.Cl

MgCO,

PbCrO,

MgS0,.7H,0

Na,50,.10H,0

FeSO71T,0

BasSO,

PbO

KNQO,

Ca0

e, Oy

- Pb,0,

NaCl

. HA

Quartz, Sand 510,

- Ca(OL),
LCasS0,.2H,0
'CH,.COOH
Na,CO,;10H,0
Pb(OH),. PbCO,
ZnSO.7H,0
Zn0O

;(.‘hallk, Marble, Limestone

|
‘Magnesite

. !Bnrylc:s

: !Sﬂl(})cll'(t
1
Haematite

Rock Salt

LAGypsum

lime ; or, in another form, that 56 per cent of
CaCOy is quicklime.

In the same way the decorator’s colouring
material, “ rouge,” which is iron oxide, e,0,,
contains two atoms of iron combined with three
atoms of oxygen.  Calculating as before, 2 < 56
parts of iron arc combined with 3 » 16 parts of
oxygen ; or 112 parts of iron are united with
48 parts of oxygen ; or 160 parts of iron oxide
contain 112 parts of iron ; or the percentage of
iron in iron oxide (F¢,04) is 70 per cent.

‘nough will now have been said to indicate
the nature of, and method of using chemical
formulae, and it may be interesting to draw up
a list (Table II) of common substances, with
their names and formulae, for reference purposes.
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PAINTING AND DECORATING

By CuarrEs H. Earon, IF.I.B.D.
Mewmber of Council of The Institute of British Decorators

LESSON |
MATERIALS

Introduction. The subject of painting and
decorating is one that has failed to receive
proper consideration by the builder ; hitherto,
he has been content to regard it as a uscful
and profitable adjunct to his other legitimate
business and to give it as scanty consideration
as possible, provided always that he could just
win through.

There is now, however, a tendency for the
modern builder to realize that the painting and
decorating department is one that, if not worthy
of personal supervision, is at least worth the
attention of some specially appointed person,
well qualified to supervise all the work of this
department.  Where this is not possible, the
tendency is more toward the placing of the work
in the hands of a reliable firm who specialize in
the business, rather than to continue the
questionable practice of sub-letting the work
to a scamping piece-worker, often at such a
price that his only -profit can be made out of the
work he is able to avoid.

The work of the decorator is to-day very
much better organized than it has cver been,
both industrially and educationally ; there are
sound schemes by means of which the young
folk can enter the trade and graduate from well-
cquipped schools to apprenticeship, coupled
with further technical education until they be-
come journeymen, and qualified, after five years
training, to sit for the examinations of the City
and Guilds of London Institute, followed by the
Associateship of the Institute of British Decora-
tors, a distinction which can be gained by an
examination equal in its standard to a degree.
The craft is one that is exceedingly interesting
to a young person of artistic temperament, and
so full of genuine opportumty, that it is %urpm-
ing it has not yet succeeded in attracting to it a
sufficiently large number to keep the ranks of
well-skilled craftsmen from becoming sadly
depleted. It must be frankly admitted that
to-day there is not the number of really expert
craftsmen that the trade requires ; on the other

hand, immediately a young man shows that he
has real ability, he cannot fail to find himself in
the front ranks in the course of a few years
after attaining his majority. Parents would be
well advised to give their sons, who show suit-
able ability, the opportunity of acquiring, in
one of our modern craft schools, the requisite
preliminary training which takes the place of
carlier years of apprenticeship, and then estab-
lish them with a really reliable firm where they
ma, develop their knowledge, and later, by
their superior skill, assist in raising the craft
from the place of low esteem into which it has
fallen through the exploitation of the many who
have used it for other purposes.

The craft of the decorator is one of the oldest
in the building industry : there is much to
prove that it was practiced before actual build-
ing was even thought of. Many of the earlier
cave dwellings of primitive man boasted walls
covered with simple line decoration, and later,
fresco work of a simple character was introduced.
Articles of evervday use, too, were frequently
decorated in a simple way, and quite a long
period elapsed before decoration, or decorators’
materials, were applied for any purpose other
than that of a purely decorative character.
With the change of habits and customs of our
carly ancestors, and the consequent change in
the character of their habitations, the need for
a different treatment became apparent. With
the introduction into building of materials of a
decayable nature came the need for materials
that would prevent decay ; and later, as people
began to understand the importance of cleanli-
ness, came the demand for a method of treat-
ment that was capable of rendering a surface
casy to clean. We have, therefore, developed
largely according to the chan;be in the require-
ments of mankind, until to-day we have a range
of materials and fabrics that render it possible
to meet the most exacting requirements of a
highly developed civilization.

It will be easy to realize that three main
requirements have to be fulfilled by the modern
decorator. He may be called upon to decorate,
to preserve a structure, or to make it easy to
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clean. His method of dealing with each individ-
ual problem will be settled by the several require-
ments of the particular problem : he may
decorate his surface with materials that do not
preserve the structure ; he may apply a material
that does not decorate the surface but merely
preserves the structure; or he may, in turn,
apply a material that is casy to clean but has
scarcely any other qualification.

Trade practice appears to have resulted in
the painting and decorating executed by the

BUILDING EDUCATOR

builder being regarded from rather a different
angle of vision than that executed by the
specialist firm practising the one craft only,
and there is much to be said in favour of placing
each branch of the industry in the hands of
such specialists. The builder generally is not
regarded as capable of executing decorating,
but rather that he applics painters’ materials
for the purpose of preserving the structure and
making it casy to clean, decoration being a
secondary consideration.

SPECIFICATIONS AND QUANTITIES

By WiLrrip L. Eversuep, IF.S.1

Chartered Quantity Surveyor ; Author of * Quantity Surveving for Builders

" and

" Specifications for Butlding Works "

LESSON I
INTRODUCTION

THE information contained in this section should
be of great interest to the student who has a
leaning to the more practical side of building
work, rather than the architectural side; but
it is very essential, especially in connection
with quantities, that he should first have a
sound knowledge of the details of construction,
and students are therefore advised, if necessary,
to postpone the reading of this section until
they have thoroughly mastered some of the
sections dealing with construction.

It is a debatable question as to who is the
best person to write the specification, but it is
felt that the quantity surveyor, having a more
intimate knowledge of the construction of the
building, is the best person to do this, and it is
for this rcason that specifications are included
in this particular section.

Specifications. The art of writing a specifica-
tion depends upon a knowledge of the wishes of
the architect, and also the ability to write in
such a way that the person reading same can
understand what is required, and it will there-
fore be realized that there.is a differcnce between
specification writing and writing the description
attached to items in a bill of quantitics; the
latter is simply a description of the work and
has certain dimensions attached to it, and will
always be rcad by someone who understands

what is required ; while in a specification the
reading should convey instructions to work-
men and others who have not always the advan-
tage of the education or knowledge that the man
has who will read the bill of quantitics.

Quantities. The preparation of quantitics is
a subject which requires infinite care and pa-
tience, and a mind fitted to deal with a mass of
detail. It must be remembered that the archi-
tect’s plans are being dissected, and where one
or two lines on the plans may represent a door or
window, this has to be split, from the surveyor’s
point of view, into a deduction from walling,
plastering, facing, ectc., and also into arches,
lintels, sills, reveals, door or window frames,
doors or sashes, various fastenings, painting,
glazing, ctc. It will thus be realized how
necessary is the knowledge of construction before
one attempts to ““ take off ”’ this work.

The general course followed by students when
studying the actual work in a surveyor’s office,
is first to square dimensions, or in other words,
to work out into superficial and other measure-
ments, the figures which have been placed on
dimension paper by the “ taker off.”  Following
this, he will advance by slow stages to that of
“ worker up,” which process is that of *“ abstrac-
ting ”” and “ billing,” and it may be some time
before he is allowed to do any  taking off,” and
then will only start on the much casier portions
of a building, such as plastcring.

In this work, however, the lessons are given
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in the actual order in which the work is carried
out, and thercfore the ““ working up ”’ process
will not be described until towards the end.

Estimates. There are various methods em-
ployed to obtain estimates for both building
and civil engineering works ; but there is no
real difference between the preparation of quanti-
ties for houses and public buildings, harbours,
roads, ctc. ; the student who can ‘“ take off ”’ a
public building can just as ecasily apply his
knowledge to harbours, roads, and sewers,

The various methods are- -

Cubing the building.

Taking off rough quantities.

The use of schedules.

The preparation of an accurate bill of
quantities.

Cubing. This method is only employed to
obtain an approximate idea of the cost, and is
often used by a builder or contractor as a check
upon his priced bill of quantitics.  Before he
can check in this way he must have some idea
of the cost per foot cube for buildings of a similar
description to that under review.

Rough Quantities. These consist of super-
ficial dimensions of walls, floors, roofs, and
similar items, approximately accurate as far
as dimensions are concerned, but including in
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their description the brickwork facing, plaster-
ing, etc., for an item for walls, the doors and
windows only being taken as extra value. This
method gives a more accurate price than the
cubing method, but should only be used for an
approximate cstimate.

Schedules. The use of schedules is for work
the extent of which is not generally known, and
consists of agreed prices for the various items of
labour and material. The work exccuted is
measured up on completion and brought into
the form of an accurate bill of quantitics.

Bill of Quantities. The preparation of a bill
of quantitics is the most satisfactory method of
obtaining a tender, and this should always be
prepared on the instructions of the bulding
owner.  More satisfactory tenders are obtained
for the work, and in the long run the building
owner benefits, as if he does not instruct the
architect to have quantitics prepared, he very
often has to pay the builder in the tender for
preparing them, and if prepared to his instruc-
tions they will always serve as a basis for the
adjustment of variations from the contract.

Scope of Lessons.  The lessons given will first
deal with the preparation of specifications ;
following which they will deal with the prepara-
tion of bills of quantitics, with typical examples
of ““ taking off,” and * working up.”

SUPERINTENDENCE

(Continued from page 19)

later, when he became a sort of builder-architect,
and was responsible for the construction of some
of the buildings which are now regarded as
national assets.  The best known name of the
earlier type of clerk of works is that of Geoffrey
Chaucer, the poct, who held the position for
two years. It is doubtful, however, whether
the appointment was due to Chaucer’s expert-
ness in the art of building ; more probably it
was given to him as a compliment and source of
income.

As far back as the sixteenth century the name
applied to a person whose duties were very
similar to that of the present-day clerk of works.
There have been some variations in his status at
different times. At Greenwich Hospital, for
instance, the building of which was commenced
in 1661, and continued for over one hundred
years, many of the clerks of works employed

were professional men, and some well known as
architects.  In the early part of the last century,
the officer attached to the Corporation of the
City of London, who is now the surveyor, was
called a clerk of works. But there is little
variation in the use of the term to-day. It
applies to a man who supervises, under the
instructions of an architect or engineer, the
construction or maintenance of building and
similar works.

[t may be noted the name is rather mis-
leading to the uninitiated, who naturally associ-
ate it solely with the keeping of records in a
commercial or public office. Many applications
received in response to an advertisement for a
clerk of works are from clerks ; the only other
possessor of the name of clerk whose primary
duties are not connected with a desk is that
mythical personage, the clerk of the weather.
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PLUMBING

By Percy Mansgr, R.P,

ARSI

Honours Silver Medallist

LESSON 1
THE PLUMBER'’S TOOLS

Introduction. The plumber derives his name
from the Latin plumbum, meaning lead ; the
plumber of olden times was chiefly a w orker in
lead. The modern craftsman, however, is no
longer a worker in lead only ; the materials of
his trade consist of lead, copper, brass, iron,
stoneware, marble, pottery, and scveral others.
His work consists not only of one particular
branch of the building trade, but covers a very
wide arca ; and we find the present-day plumber
skilled in the fitting-up, working, and uses of
the most up-to-date mstallations and appliances.

[t is a very old adage amongst craftsmen that
a man’s characler 1s carried in his {ool-bag.
Usually, the plumber’s tool-kit gives one a good
idea as to his capabilities, and his character as
a skilled, clean, and competent worker.  One
of the first things the apprentice should be taught
is the necessity to keep the tool-kit clean and in
good condition. The tools used by the plumber
are many and varied; some are expensive,
whilst others can be made by the plumber him-
self. This is often done, especially where intri-
cate and peculiar shaped leadwork has to be
carricd out, and wood tools of a special shape
are required. A few illustrations and descrip-
tions of some of the plumber’s tools will be
found useful.

Dressers (Fig. 1). These vary in size and
shape and can be obtained in various types of
wood, the two chief kinds being hornbeam and
boxwood ; the former is used for the general
work and boxwood for finishing. The chief
points to be observed in the selection of a dresser
arc: It should have smooth sides and face, free
from sharp cdges, and the handle should be well
pitched to allow room for the knuckles of
the user.

Mallets arc made in variops sizes, and usually
of lignum-vitae or boxwood. A bossing mallet
(Fig. 2) should be perfectly smooth, the nose
rounded, the face nearly flat, and the edges nicely
rounded. The handle can be of ash or Malacca
cane and should be well fitted, glued, and wedged

to the head. Tt is used for lead bossing, the face
or side being used as required to suit the par-
ticular job in hand.

Bending Dressers are made of boxwood. They
are broad and slightly rounded on the face, both
in width and length (Ifig. 3), and are chiefly used
for driving the lead when making bends in
pipes. A great number of plumbers prefer a
rounded hornbeam dresser for this work, as less
marks are produced than with the harder box-
wood bending dresser.

Bossing Sticks. A bossing stick (Iig. 4) is
similar in shape to a bending dresser, but nar-
rower and more rounded. It is used for working
corners and breaks in leadwork. 1t should be
petfectly smooth, and so shaped that it is well
balanced in order to cnable the bossing to be
executed with ease. It is made of boxwood.

Chase Wedges. These are usually made of
boxwood and to all sizes and shapes ; some are
known as side-bent and others as front-bent
wedges, whilst driving wedges are generally
quite straight. The larger type of chase wedge
is fitted with an iron ferrule, as also is the driving
wedge, to enable them to withstand the blows
of the hammer. The smaller wedges are plain,
and should be struck with a mallet. Iig. 5
shows two views of a driving wedge, and Fig. 6
shows two other forms of chase wedge. The
plain wedge should have a blunt edge, and is
used for chasing back the angles of leadwork,
while the driving wedge has a square edge and
is used for driving back the angles of overcloaks
from the cdge of the lead when a drift or drip
plate is used.

Drift Plate. This is a small rectangular plate
of steel (Fig. 7), and is used in the working back
of overcloaks in lead roof coverings. Lead
will not slide on lead, thercfore this plate is
placed between the undercloak lead and the
overcloak, to cnable the latter to be worked
back into position by means of the chasc wedge.

Knives. Plumbers’ knives are of three kinds—-

The clasp knife, Fig. 8 (a).
The draw knife, Fig. 8 (b).
The chipping knife, Fig. 8 (c).
The first-named is a pocket knife with a stout
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single blade, rivet-hinged to a sheath handle.
The draw knife (or sheet knife) consists of a steel
blade with a sharp point firmly riveted to a
wooden handle about 6in. long ; it is chiefly
used for cutting up the lead from the sheet. A
chalk linc is struck, and the point of the knife is
run down the line and almost through the sub-
stance of the lead, after which the lead can be
rolled up along the cut, which is easily severed.

The chipping kmife is a much stouter tool,
fitted with two strips of leather riveted through
the stcel to form a handle, its use being chiefly
for trimming or chipping thicker parts of the
lecad, and where a hammer is required to drive
the blade through the substance. Plumbers’
knives should always be kept sharp, and the
draw knife fitted with a sheath to protect the
point.

Mandrils. These are made in various diameters
and lengths, and are cither made of boxwood,
lignum-vitae or oak (Fig. 9). They arc used for
passing through the lengths of pipe to remove
any indentations, thus leaving the pipe true and
cylindrical in readiness for preparation previous
to fixing. They arc also used to enable the
plumber to make a bend close to the end of a
length of pipe; by placing the mandril partly
in the pipe a better leverage may be obtained.

Bobbins. A bobbin (Fig. 10) is a smooth box-
wood or lignum-vitae tool, semi-oval in shape,
with a hole running through the length ; they
are made in all diamecters and used for trueing
up bends in lead pipes. Followers (Fig. 11),
made of beech and of a similar shape, are used
to drive the bobbin round a bend ; or a bobbin
weight (Fig. 12) is used, a cord passing through
the bobbin and fixed in the weight by means of
a knot. The plumber and his mate cach operate
an end of the cord, which should be kept tight
to prevent the weight jumping about and so
damaging the pipe.

Steel Square. A square (Fig. 13) is a neces-
sary tool in the plumber’s kit. It is usually
18 1n. by 12 in., with figured dimensions.

Tampin, or Turnpin. This tool is cone-
shaped and made of boxwood (Fig. 14), its chief
use being to open the ends of pipes when pre-
paring a joint. They are made in all sizes.

Bending Bolt (Fig. 15),is a steel bolt tapered
at one end; they are made in various lengths
from g in. to 24 in., and % in. to §in. in diam-
eter. When a branch joint is required, the bolt
is used to open the lead pipe that is to receive
the branch ; a small hole is first made with a
pipe opener, and the hole is then enlarged as

required by means of the bolt and the hammer.
They are also used for working out the throats
of bends in small lcad pipes.

Shavehooks. These can be obtained in a
variety of shapes: heart, three-square, spoon,
and what is known as a gaugehook. They are
made of steel, sharpened at the ecdges, and
riveted to a steel stem about % in. or §in. In
diameter, fitted with a wood handle, through
which the stem passes and is firmly riveted over
a steel washer at the end. They are used for
shaving the ends of pipes, and the surfaces of
lecadwork in preparation for soldering. Fig. 16
shows three types in general use.

Plumbing Iron. The plumbing iron (Iig. 17)
is an elliptical-shaped bulb of iron with a crook
handle. It is scldom scen amongst a plumber’s
kit at the present time, having been replaced
by the blow lamp, which requires much less skill
to manipulate when wiping a joint.  The plumb-
ing iron is heated to redness, the handle cooled
in a pail of water, the bulb filed clean, and whilst
held in a carpet hand-felt is applied to the solder
to kecp it hot, and so enable the plumber to wipe
the joint or the scam, as the case may be. There
are a great many plumbers’ mates and appren-
tices of the present day who have not seen an
iron of this description, and only know the use
of the lamp for joint wiping.

Snips (Fig. 18), also known as shears, are made
in various sizes with straight or bent cutting
jaws, and arc used for cutting sheet lead, copper,
zing, tin, iron, etc. They should be kept in good
condition and well sharpened, as a blunt pair
of snips is very trying to onc’s temper, as well
as making a ragged cut.

Step Turner (I'ig. 19). This is a uscful tool
that can be made by the plumber himself. It
is used for turning the leadwork of step flashings,
that is, that portion which enters the joint of
the brickwork.

Ladles (I'ig. 20). These can now be obtained
made in onc picce of metal (weldless) and of
various sizes ; a small pouring lip can be formed
on one or both sides to cnable the ladle to be
used in either hand, which is most useful when
in an awkward position.

Splash Stick (Ilig. 21). This also is a tool
best made by the plumber to suit his own par-
ticular requirements. It can be made of stout
shect steel.  The edges should be well rounded
to prevent scratching the ““ soil ” when building
up the solder on a joint. The handle portion
should be neatly bound with fine string to
prevent the heat injuring the hands of the user.
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Scribing Gauges (Iig. 22). Thesc are flat
plates of brass or stecl and arc reversible.  They
are used in combination with a pair of compasses
when scribing the shape of branch joints ready
for shaving. A wooden gauge is also used for
marking the length of shaving for underhand
and upright joints, to obtain uniformity of size
throughout the job.

Plumbers’ Saws. Iig. 23 shows a double-cdge

were made with a copper bit and fine solder.
A copper bit should never be made red hot, or
the face will be destroyed and render the tool
uscless for soldering. To renew the face the
copper should be heated, the point of the copper
filed clean and dipped into a flux, and fine solder
rubbed on the filed portion, which should then
have a bright tinned appearance.

Dummies (Fig. 25). These are made in various
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type of saw, with fine teeth on one side and
coarse on the other. A very useful size is about
181in. in length.

Copper Bits (Iig. 24) arc made in various
shapes and of sizes to suit the various uses to
which they are put. The plumber gencrally
carries two in his kit-—a straight bit (4) and a
right-angle or hatchet bit (B). They are used
for tinning brasswork rcady for soldering or
wiping to lead pipe, and in some districts for
making joints on lead and composition piping.
The scams on the carly forms of lead soil pipe

lengths and consist of a bulbous head of metal
fitted to a handle, which may be of steel or
Malacca cane. They are usually made by the
plumber himself, and are cither perfectly straight
or with a bent handle. They are used to work
out the buckle that appears when making a
bend in large pipes for soil and ventilation
work. ILoosec dummy heads, with a screw
boss, are also made to fit a }in. barrel, thus
enabling the plumber to fit various lengths
of barrel and make a short or long dummy as
required.
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ROOF COVERINGS

By Joun Mirrar, P.AS.1., M.I[.STrRUCT.E.

LESSON I
INTRODUCTION

Roofing Materials. The materials for covering
a roof are determined by the climatic conditions,
and by the nature and importance of the building
under consideration. Being one of the chief items
of construction, the roof must be durable in
proportion to the permancnce of the building ;
and where the roof is prominent the roofing
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materials should, of course, be given considera-
tion from an architectural and acsthetic stand-
point.

For coverings the following are in use: slates,
tiles, asbestos tiles, and corrugated sheets,
corrugated iron, lead, copper, zine, asphalt, felt,
glass, shingles, and thatch.

Poor conductors, such as slates and tiles, make
better coverings than those which conduct heat,
such as corrugated iron, as they tend to preserve
a more equable temperature in the interior of
the building.

Pitch. The term pitch is applied to the amount
of slope given to the sides of the roof, and may
be stated either in terms of the number of
degrees in the angle which the roof makes with
the horizontal, or by the ratio of the rise to the
span; thus, for a span of 30 ft., if the rise is

7 ft. 0in,, the pitch is a quarter; if the risc is
10 {t., the pitch is a third. The correct pitch
varies in accordance with the nature of the
covering (see Fig. 1).

Table I gives the least pitch it is desirable to
adopt for the materials in use for coverings.

TABLE I
Roovr PrtcHES FOR VARIOUS MATERIALS
Angle of Ratio of
Materials Inclination Rise to
in Degrees Span
!
Slates (Large) . . . 22 ’ 4
. (Ordinary) . A 2034 ] }
5 (Small) . . 3341 ’
Plain Tiles . N 3741
Pan Tiles . . . L 20 34 ( |
Roman Tiles ; 26-34 i }
Asbestos Tiles . A 30 ,

" Corrugated Sheets. | 14 i H
Corrugated Iron i 14 : 4
IFelt . : 14 ! L
T.ead . . N d !
Copper . . . N 1
Zinc . . A 13 i
Asphalt i b !

Glass | 20-34 i !

Thatch . . ] 15 : 4

Shingles . . . . 45 . )
SLATE

Planes of Cleavage. Slite, one of the com-
monest materials for roofing, is a rock of fine
grain and compact structure, formed origi-
ally from material transported by water and
deposited as fine silt on ancient sca bottoms.

Although a sedimentary rock it has, owing
to intense lateral pressure, lost its original bed-
ding plane, and has acquired its characteristic
tendency of splitting into thin plates known as
““ planes of cleavage,” which may be parallel to
the original bedding plane, but more usually are
at some angle from it (sce Fig. 2).

The mechanical theory of cleavage is that the
forces acting in a lateral direction have not only
contorted the beds, but have so re-arranged the
particles as to cause them to lie in a plane
perpendicular to the direction of the forces
themselves (see I'ig. 3).
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Slates are occasionally found with the cleavage
planes slightly curved, due to some disturbance
after the cleavage planes have been formed.
This is termed *“ wavy cleavage,” and the slates
are then said to be ** yorky.”

The original stratification is sometimes dis-
cernible either by
faint bands of
colour on the
cleavage surface, or
by difference in
texture. These
bands of colour are
not detrimental to
the duwrability of the
slate.

Besides the
cleavage planes, it
is found that there
arealso other planes
of weakness along
which the Dblock
may be casily divided.  These oceur in a more
or less vertical direction at right angles to the
principal cleavage. This tendency is known as
pillaring, a quality in slate known as ““ grain.”

Characteristics of Slate. That the planes of
cleavage permit the rock to be split into thin,
uniform slabs is an essential characteristic of

I't;. 2. SLATE IFORMATION

F1G. 3. PPLANES or CLEAVAGE

slate, without which it would be of little value
as a roofing material. Other characteristics of
a good slate arc hardness and toughness of
structure, uniformity of colour, and an absence
of patches. It should give a clear ring when
struck with the knuckles, not be greasy to the
touch, but somewhat rough, and when it is
stood in water to half its depth, the water should
not rise more than } in., nor, when immersed in
water for twenty-four hours, should it absorb

more than one two-hundredth of its dry weight.
Other rocks, such as shales and certain kinds of
sandstone, differ from true slate in that they
possess no planes of cleavage, but only split
along the planes of the original bedding. They
are uscd for roofing purposes in some districts,
and arc hence misnamed slates,

Slate, being derived from clayey rocks, con-
sists essentially of silicates of iron and aluminium
which represent nine-tenths of the total mass.
These two minerals give to the slate its per-
manent character. Table I gives the chemical
analysis of a few different slates.

TABLE 11
ANALYSIS OF SLATE

OAKELEY

. L Pre- Tilber-
od | New celly | thwaite

Vein | Vein
Silica (Si0,) . 5525 | 53°40 | 62:66 | 50160
Alumina (Al,Oy) 2460 | 26:67 | 22-22 | 17-850
Iron Oxide (Fe,0,) 10°40 | 953 | 003 | 6750
Lime (CaQ) . 1|00 | 090 | 0006 | 3670
Magnesia (MgO) 209 | 1-85 | 122 6:350
Potassium Oxide (K,0) .| 147 | 1-42| 321 | 2-060
Sodium Oxide (Na,0) 0531 052 | 1°0I| 31I0
Sulphuric Acid (SOy,) 021 | 023| 031 | oI00
Titanium Oxide (TiO,) . 1-030
Loss on Ignition (Water)| 462 | 470 | 388| 4670
Specific Gravity 2-88 2:80 | 2775

Weight of Slate. Welsh slate weighs 180 1b.
per cub. ft., Cornish slate 173 1b. per cub. ft.,
and Westmorland slate 157 Ib. per cub. ft. The
estimated weight of roof covering per square of
1oo ft. superficial is—

Firsts Seconds ‘Thirds Randoms
North Wales .| 4—5cwt. | 7 ewt. o cwt.
South Wales .| 7 ,, 9 ., 10} cwt.
Cornish . doe o, 7 10,
T.ancashire 73 ., 9 o,
Westmorland 73 .. 9 ,, o,

Physical Tests. The following tests were made
on slates taken from the Oakeley quarries. The
tests for absorption of water showed that, after
being immersed for 23 hours at 60° V., the weight
of the slate was not appreciably or measurably
increased. The test for tensile strength gave
8,740 Ib. per sq. in., and the resistance to com-
pression measured 31,470 Ib. per sq. in.
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ARCHITECT’S OFFICE AND ROUTINE

By HERBERT J. AXTEN, A R.I.B.A., AISrruct.E.

Charteved Architect
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PART 1
OFFICES AND EQUIPMENT
Partnerships. It not infrequently occurs that

two architects unite in practice, the one being
possessed of a pronounced architectural ability,
the other—though not devoid of that ability
—having a greater development of business
acumen, and therefore a leaning towards the
administrative side.  This is a happy combina-
tion, and usually results in the building up of a
successful architectural practice.

Taking a partnership of this nature for
consideration, the chart given in Fig. 1 shows
the activities under the care and supervision of
each of the principals.

Office Accommodation. Assuming two archi-
tects are in partnership the following office
accommodation is necessary—

Private office for senior partner (business).

Private office for junior partner (architectural and

works). .
Small drawing office for senior assistant.
T.arge general drawing office.

Small waiting-room for callers—if possible.
Typist’s, correspondence, and filing-room.

A provincial office would require a photo-
printing room, which might also serve as a
store for samples of building materials, strainers
for compctition drawings, sparc trestle drawing
tables, storage of drawings, and documents of
completed jobs, etc.

The Equipment of the Offices will necessarily
vary with the financial standing of the principals,
but the following is the general arrangement of a
medium grade suite.

OFFICE OF SENIOR PARTINER (BUSINESS).
This being the office in which clients are received
but in which no actual drawing is done, the
principal furniture is—

Large writing table with pedestal drawers and

writing accessories, and armchair.

Two large lounge armchairs and a few small chairs.

Table upon which plans may bhe opened for perusal

and discussion.

Bookcase and bouks, stationery cabinet, letter trays.

Safe for private documents.

Turkey carpet, hat and umbrella stand, clock, and

permanent date calendar

OFFICE OF JUNIOR PARTNER (ARCHITECTURAL
AND WoRrks). This being the office of the partner
more intimately concerned with the preparation
of drawings and the supervision of works in
progress, the principal furniture is---

Large drawing desk.

Chest of drawers sufficiently large to contain double

clephant drawings.

Writing table with pedestal drawers.

Stationery cabinet and writing accessorices.

Armchair, small chairs, and carpet.

Bookcase, letter trays, clock, and permanent date
calendar, technical books and periodicals.

DRAWING OFFICES.
ment of these offices—

Following is the equip-

Drawing desks or tables with large plan drawers.

Stools.
Plan drawer cabinets
drawings.

to take double-elephant

Nest of drawers or filing cabinets for manufacturers’
catalogues, and plates from architectural and

building periodicals.

T-squares.
Set-squares.

Beam compasses.
Water colours.

Pallets and brushes.
Stickphast and sponge.

Whatman drawing paper.
Cartridge drawing paper.

Detail drawing paper.

Squared paper.

Tracing paper.

Tracing linen.

Indian ink.

Theodolite and tripod.

Level, tripod, and staff.

Surveyor’s chain and
arrows.

oo ft. tape.

Surveying book.

Levelling book.

Tyrist’s AND GENERAL OFFICE.

Railway curves.

I'rench curves.
Perspectograph.
Planimeter.

Clinograph.

Mahogany straight cdges.
French chalk.

Dusters.

Stencils and rubber
stamps.

Pencils, pens, and

coloured crayons.

Slide rule.

Drawing pins.

Coloured and writing
inks.

2 ft. rules.

Sketch blocks.

Sketch books.

Notebooks for recording
visits to jobs.

The equip-

ment here is as follows—

Typewriter, table, and
stool.

Stationery cabinet.

Clerks’ desks and chairs.

Vertical filing cabinets.

Vertical card indexes.

Safe, clock.

Shelving.

Letter trays.

Writing and filing acces-
sories. .

Duplicating machine.
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PRELIMINARY OPERATIONS

By R. Vincent Bovanron

LESSON 1
GENERAL PRELIMINARIES

Preliminary Operations in all building under-
takings, whether small or large, require very
careful attention by the architect who designs
and specifies the various works, and very careful
forethought and organization by the builder
who executes the work.  While the architect
has to design and compute so as to assure that
the foundations and general preliminary works
of a structure will be safe and correct, and yet
cconomical, the builder has, in addition to
carrying out the work in accordance with the
architect’s designs and instructions, to give
attention to many matters which are not always
of great import to the architect but very essential
to the builder to allow for the economical and
proper working of a contract with that co-
operation of all things and labour that is so
vital where work has to be properly done and
a profit obtained.

Order of Lessons. For the purposes of these
lessons it has been deemed advisable to treat
the preliminary operations in approximately
the same order as a builder should conduct
them, and to deal conjunctively with matters
of design, computations, and other subjects
which are usually within an architect’s province ;
in other words to carry the student through the
various stages from either a vacant site or
existing structure where alterations arc to be
made, to the end of the operations which are
termed preliminary.

Drawings, etc. The builder’s first essential is
a complete set of all the general drawings,
comprising plans, elevations, sections, and a
sufficiency of details to enable the work to be
correctly set out and the ordering of all those
materials and manufactured articles which are
required very soon after the commencement of
a contract. A complete specification is also
necessary.  Architects usudlly supply two copies
of drawings and specifications, one cach for the
builder’s office and the job. Two copies are
usually insufficient for the proper prosecution
of a contract, as from its commencement to
almost its completion the builder has to send out

inquiries for various materials, joinery, sub-
contracts, cte., which necessitate copies of draw-
ings, details and specifications being sent out
with the inquirics. Therefore, it is necessary
to endeavour to obtain from the architect, say,
six or twelve blue prints of the general drawings,
for which a small charge may be made, or the
loan of original tracings to allow prints being
taken; copics of details may be similarly
obtained. It is often difficult to obtain more
than two copies of the specification, so about
six copies should be made if possible.

The possession of the above will be invaluable
throughout the contract; for instance, prices
will be required for joinery, probably labour
prices for brickwork, plumbing, plastering,
clectrical work, and many other trades and
materials, and all that need be done is to submit
inquiries to four or five firms with prints and
extractions from the copies of specification of
the appropriate trades, annotated or adjusted as
required, and stipulating that the drawings and
specification must be returned with the quotation.

If bills of quantitics have been prepared, a
copy should be given to the foreman and a copy
kept in the builder’s office to facilitate ordering
materials and checking the progress of the works.
Some builders do not deem it advisable to let
a foreman have a fully priced set of bills of
quantitics which may indicate the computed
profit and general financial considerations of
the contract, and consequently only supply an
unpriced copy. The writer opines that a
foreman should know the costs that he has to
work to or “beat,” and it is a good course to
supply him with a set with net costs of labour
and materials without additions for overhead,
establishment charges, profit, etc.

Access to Site. A perusal of the drawings
will enable the best position for access to site
and storage space for materials to be ganged.
Wherever possible, wccess to site for carts or
lorries should be as central as conditions will
permit and to allow for shortest ‘“ roads,” to
prevent not only the cost of making a *“ road ”
but ““ churning up ” of ground in wet weather.
Materials, particularly bricks, should be de-
posited either in a central position or in a
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number of positions ncarest to the work, to save  points that arise almost daily, and to allow the
excessive handling costs. At the same time  foreman to quickly communicate with mer-
materials must not be placed in such positions  chants about delivery of materials and for gene-
that will necessitate their premature removal ral uses that will save time and correspondence.
to permit the progress of other trades. Hoardings. The mnccessity of a hoarding,

The Foreman's Office should be “ sectional ”  which is a rather costly item, depends on the
to allow for casy assembling and dismantling locality of the works, the degree of protection
at various sites, 6 to 7 ft. high at eaves, from that is required, and whether a watchman is
7 ft. < 0 ft. to 12 ft. X 8 ft. on plan depending employed or not. In a quiet, good class neigh-

ey ey e S | 3 _-:::—’/;f
i EI-1-F3-1-F A\~ ~  ALTERNATIVE
|| P i} POSITION OF
|1 F1-r1-Ff- STAY
1 “
i /
Ll sV
' M '1'
1 / ) l\’ WALL
::::: , Y === ro
|1 / 5.}' LK
|1 / LR 4'x 2
. / i\ [k LEOGED STRY =N
¥ A e
(] 1/ L-_-ﬂ;t."..:.l.
- el 10 STAKE IF
% = B S g 1% B 1B l | REQUIRED
I i s =" +
1
1
1
ELEVATION ! 1 SECTION A-BV
1
whLL |@ Y
p, Z Z PN 4 Z Z %, Z
i B | N A T A B
3 . . L 1 . f
| WAL | SCALE OF FEET
l 4 %2 -4
| #o STRY ~ - PLAM
| | ~ DETAILS OfF ~
= —====—Alb=—x S, ~ HORRDING  ~
. ' 7/
I ROVGH BORRDING | GRTE
[«
O (E |

on the size of the contract, and constructed bourhood a hoarding may not be essential,
with boarded floor on joists, timber-framed particularly if there is an existing hedge or
walls covered externally with match or weather  fence, or a cheap form of fencing can be crected.
boarding, and timber-framed roof, weather [f the site abuts on a busy thoroughfare, or it
boarded or felted ; it should be fitted with door, is necessary to protect an existing building
window, pay hatch, letter box, bench, drawer, which is being altered, a proper close boarded
stool, and stove; also shelves for storage of hoarding will have to be erccted.
small valuable materials such as ironmongery, There are several types of hoardings ; some
plumbers’ fittings, etc. It should be erected are formed with stock sections kept by builders
on site in such a position as to allow, as far as  and fixed to a timber framework ; others of old
possible, a view over the whole of the building doors, shutters, etc., secured to a similar frame-
operations. work. The most common type is that formed
A telephone should be installed on jobs of with rough 4in. X 3in. or 4in. X gin. posts
importance to allow for prompt decisions being at about 6 ft. centres, with three rails of 4 in.
made between the builder and foreman on the X 2in. or 4in. X 3in., and covered with 1 in.
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rough boarding. The posts may be let into the
ground where there is no pavement to disturb, or
a better way is to place a sole or sill piece to which
the posts are spiked or dogged. The posts must
be suitably strutted or stayed to ground, build-
ing, or scaffolding. The hoarding should pro-
ject at least 4 ft. beyond the building line and
have access door fitted with lock, ete., to allow
for materials and men passing through. Where
a hoarding abuts on, or is constructed over, a
public footway the doors must open inwards
to prevent obstruction on the foolway or in-
jury to pedestrians ; most local authorities’
by-laws demand this. Fig. 1 shows a typical
hoarding.

Water for building works is an important
preliminary, and application should be made to
the water company immediately a job is hegun.
If the work is in connection with an existing
building, the water would be already in the
building, and when the water company has been

notified a connection may soon be made. In.

the case of a new building, it will probably take
a few days to install the supply. As the building
supply will eventually be the permanent supply,
it is necessary to instruct the water company
to lay their pipe in the correct position for the
future rising main. Provide necessary water
tanks, pipes, hose, taps, roses, ctc., for the works.

BUILDING EDUCATOR

Sheds for Storage of Materials and Mess-room.
Weather-proof sheds must be erccted, unless
there are suitable erections on the site, for the
storage of cement, lime, and general perishable
materials, and also a mess-room for the men.
The size of sheds will depend upon the magnitude
and class of contract, and as they are costly
they should be made in sections to allow for
removal from one job to another. They should
be of sufficient sizc to accommodate a reasonable
quantity of materials to prevent shortage at any
time.

They should be constructed with strong,
dry, boarded floors, and have timber-framed
walls and a roof covered with suitable material,
as weather-boarding, boarding and felt, or
corrugated iron, and be fitted with doors with
locks, etc. Their position should be hoth
suitable to give easy access for delivery of
materials and for withdrawal to the works, near
to mixing stages or platforms, and generally in
a central position. If the building operations
are likely to continue for a considerable time,
a rough brick fireplace should be built in the
Mess-roon.

Insurances must be effected, before work
is started, against fire, employers’ liability,
including third-party risks, and any special
risks. .

ESTIMATING

(Continued from page 51)

In the foregoing sketch it is assumed that the
structure is 32 ft. in length, the chimney stack is
1 ft. 6 in. wide, and the two dormers are each
3 ft. 6 in. wide. The " height” is found as
follows : Half of 1o ft. is 5 ft., half of 2 ft. 6 in.
is 1 ft. 3 in., and these figures added to the height
of 24 ft. (from ground level to eaves) give
30 ft. 3in.  The height ef the chimney stack is
taken from the position where it first emerges
from the roof. As one side of a dormer is a
triangle, take the dimensions of the dormers
above the roof and take half of their cubical
contents,

The dimensions are as follows -

ft. in. ft. in. ft. in.
25 0 4 11, 2/4/5 o
320 1 6 3
30 3 8 o 4

There arc other methods of finding the ** cube,”
but the student must note that whatever method
he adopts, he must strictly adhere to it.

EXERCISE 1

t. Ifthe structure as shown in Fig. 1 costs /1,525 11s.
to erect, what is the cost per foot cube ?
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DRAINAGE AND SANITATION

By HEnry C. Apawms, M.INsT.C.E., F.R.SAN.L,, ETC.

LESSON 1

Ancient Sanitation. The disposal of the waste
products of the human body presented no diffi-
culty and called for no consideration until men
began to congregate in large numbers in confined
spaces. It is probable that for many gencra-
tions, if not for centuries, the question -then was
not onc of the danger to health but of the
avoidance of discomfort and annoyance from
the proximity of foul efluvia. It was no doubt
discovered very early that fresh carth had a
deodorizing cffect, and the natural consequence
would be to cover the impure accumulations with
it. We arc told that the Israclites in their
wanderings carried little wooden spades with
them for this purpose.

All the elders of the present generation can
remember the privy middens that were in usc
even in the outskirts of London up to the last
quarter of the nineteenth century, and are still
to be found in all their foulness in many country
places. The advent of the * night-man” to
empty them was an occasion to be remembered
for the next few days. No attempt at disinfec-
tion or deodorization was made simply because
the people of those days knew no better. Tn
the better class houses at the West End of
l.ondon matters were rather worse, because
cesspools- were sunk in the basement, and as
soon as one was full it was covered with stonc
slabs, and another sunk alongside. Even when
drains were provided they were large brick
culverts always in a foul condition. Efficient
traps were unknown, the bell trap in the kitchen
sink and the pan below the basin of the w.c.
marked the limit of sanitary knowledge of the
day, the w.c. being flushed by water direct from
the daily water supply cistern. Although
numerous Public Health Acts were passed, it
was not until they were consolidated in the
1875 Act that any real progress was made.

CONSERVANCY SYSTEMS

The term comservancy is applied to any
system where the foul faecal matter is retained
on the premises for a more or less lengthy period.
They are sometimes described as Inferception

systems. Even when constructed and main-
tained in the most hygienic manner these
systems arc quite unsuitable for use in towns.
In the country, conscrvancy systems may be
quite satisfactory if the conditions are suitable,
as would be the case if every cottage stood
detached on its own plot of ground; but in
many circumstances the cottages are huddled
together and the systems are allowed to degen-
erate until they become a real menace to health.
Tt . alternative to a conservancy system is the
water-carriage system, in which water flowing
through drains is used to remove the foul
matter from the premiscs immediately it is
produced. The success of this latter system
depends upon the sufficiency of the water supply,
and this, in general, does not obtain unless there
is a proper piped public supply laid on to cach
house. A good supply of water is not only
necessary to keep the drain in proper order, but
to continue the transport of the foul matter
through the public sewers. If the supply of
water is deficient a water carriage system may
become quite as unsatisfactory as a neglected
conservancy system.

The foul matter derived from an inhabited
house comprises certain liquid wastes, consist-
ing of water polluted by its contact with grease,
soap and other impurities resulting from personal
washing and bathing, house cleansing, and
laundry washing, together with the waste water,
from culinary processes; dry, or semi-dry
vegetable refuse, urine and faeces. Conser-
vancy systems are only intended to deal with
the faecal matter, although a certain amount
of urine must also of necessity be included. The
remaining liquid waste should be distributed
over the garden ground attached to the residence
so that it drains away into the subsoil. The
vegetable matter should be dumped on to a
refuse heap where, in the course of from one to
two vears, it will completely rot and may then
be used to manure the garden.

Middens. A midden is a pit or a hole in the
ground formed for the reception of faecal matter.
In its carlicst form it consisted of a hole dug in
the ground, and having a board, with an opening
in it, supported over the hole for a seat. An
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improvement upon this occurred when it be-
came customary to put a brickwork floor and
walls to the pit, and to erect a small build-
ing over it to screen the user and protect him
from the weather. The two principal objections
to this system were the large volume of foul
decomposing matter exposed to the air, and the
invariable admission of water into the pit. The
pits were large, so that the excreta were retained
for very long periods until in the greater portion
the process of putrefaction was complete.
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I1G. 1. PRIVY AND ASHPIT
Putrefaction, or decomposition, is the term
employed to denote the decay or dissolution of
organic matter brought about by the action of
living organisms, or bacteria, present in the
“excreta or other organic matter. It is accom-
panied by the emission of foul gases, including
ammonia and its compounds, which have a
pungent odour, and sulphuretted hydrogen,
which has a putrid smell.  The foul gases are
subsequently puritied by the oxygen in the air,
thus reducing the amount of oxygen normally
present, and impairing the vitality of those
breathing the polluted atmosphere.  When the
excrement is exposed for long periods in the
open air it attracts dung-feeding and dung-
breeding insects, including bectles, privy-bugs,
and flies which spread zymotic discases, that is,
those discases similar to small pox, supposed to
be produced by germs entering the system and
acting like a ferment.  The admixture of water,
urine, or dampness of any sort to excrement,
causcs it to give off a foctid odour ; but so long
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as it is kept dry, by adding sufficient soil or
other matter to absorb moisture, little nuisance
will occur. o

Privy Middens. A privy midden is a building
with a fixed receptacle for faccal matter.  Fre-
quently the receptacle is also used for ashes,
when it may be known as an ashpit-privy ; 1ts
construction is shown in Tig. 1. Ashes may
always, with advantage, be put into a receptacle
primarily intended for faccal matter, but faccal
matter should never be put into a receptacle
provided for ashes. T used for faccal matter
only, the receptacle must not exceed 8 cub.
ft. in capacity, say, 3 ft. < 2 ft. ~ 16 in.
deep, but if also used for ashes the capacity
can be enlarged to 10 or 12 cub. ft. In the
latter case too, there may be openings
through which the ashes may be thrown,
but for faecal matter only it is desirable
that the pit should be enclosed, except _for
such openings as may be required for ventila-
tion. If uncovered faccal matter is exposed
freely to the air it attracts flies, which walk
over it in feeding, and then, with the filth
adhering to their legs, probably fly to the
nearest pantry and walk over the food
destined for iuman consumption.

The emptying of privy  middens s
generally a difficulty unless a cart can be
brought up alongside. The material is
spadeable and can be transported in-a
wheelbarrow. An iron barrow is desirable
in order to avoid liquid drippings soiling
the ground. If there is no way from the
back to the front without going through the
house, a privy midden should not be used,
but if one does exist under such conditions
the contents should be buried in the garden
and covered over with at least 12 in. of soil.
The emptying should take place at intervals not
exceeding three months, and when the contents
are removed the interior should be sprinkled
over with chloride of lime.

Where privy middens are sanctioned by by-
laws, it is generally provided that the buildings
shall not be within 6 ft. of the dwelling house.
This is very close and they should be at least
20 ft. away. The floor of the pit should be
constructed of non-absorbent material, not less
than 3 in. above the ground. The floor and the
walls to a height of 4 ft. 6 in. should be rendered
in cement mortar or covered with asphalt, unless
they arc formed in blue brickwork in cement.
ivery precaution against leakage should be
taken, but, as an additional safeguard, the
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building should be located so that it is at
least 40 ft. away from any well, spring, or
stream used to supply water for human con-
sumption. Under no circumstances should any
drain be made in the pit, nor any connection to
external drains. Not only would the drains
most probably become blocked, but their pres-
ence would encourage the throwing of slops into
the privy, with consequent nuisance. A drain
would also prevent the carly detection of wet-
ness or dampness which must not be allowed to
exist, and is the reason why the floor is kept
above the ground.

Pail Closets. DPail closcts are technically
privies with movable receptacles.  They are in
every way preferable to privy middens, but they
are not suitable for use in towns. The London
County Council by-Jaws permit pail closets, but
the restrictions surrounding them make con-
struction almost impossible.  For instance, the
building must not be within 2o ft. of a dwelling
house, nor within 100 ft. of any water supply.
[t must be located so as to be easy of access and
such that the filth can be removed from the
premises without being carried through any
dwelling house or other building.

The general arrangement of a pail closet to
comply with the usual by-laws is shown in
Fig. 2. Sufficient openings should be provided
for ventilation as near to the top as possible, and
communicating with the open air. The floor
should be not less than 6 in. above the ground,
and should have a fall towards the door of 4 in.
per ft.  The portion under the seat should be
sunk 3 in. lower, leaving it 3 in. above the
external ground. The floors and walls should
be of flagging, slate, or good brickwork at least
g in. thick, rendered in good cement or asphalted
so as to be non-absorbent. The riser at the
front of the seat is preferably formed with a
2-in. slate slab. There should be a door at the
back or side of the pail chamber for the removal
of the receptacle and the cleansing of the space.
[f this is impracticable, the seat may be hinged
s0 that the pail can be lifted out.

The capacity of the pail must not exceed
2 cub. ft., or say, 16 in. diameter and 18 in. deep.
This limitation is to prevent isuse and to
ensure frequent emptying. Pails should be
emptied at least once a week, but every three
days is preferable. Guides should be provided
to fix the position of the pail under the seat so
that the excreta shall fall into the receptacle and
not foul the floor or sides of the space. The
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best pails to use arc of galvanized iron or mild
steel.  They should be oval in shape and formed
higher at the front end than at the back.

A local authority may undertake the empty-
ing of the pails, otherwise the occupier is
responsible. They are generally emptied at
night, a man going round with a ““ night-soil ”’
cart and tipping the contents of the pails into it.
Where the authority undertakes the work, an
arrangement that is most satisfactory comprises
the usc of pails having air-tight lids, which are
taken, with their contents, to a central depot for
emptying and cleaning ; a fresh pail is left in
the meantime at cach house in exchange for the
pail removed.
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BUILDER’S OFFICE AND ROUTINE

By R. K. Garerairy, B.Sc.

PART 1
THE BUILDER’S OFFICE

Situation. The situation of the oftice of a
builder is of considerable importance. It must
be in close touch with both workshops and
stores ; it must be near the centre of the circle
of operations, and it should be accessible to
architects and other clients.

If the office and workshops are in a big city
the office will be convenient and accessible, but
the rent and rates on the premises will be heavy.
[t is difficult to obtain a satisfactory builder’s
yard near the centre of a large city.

The alternative, the office and works situated
in outlying districts, has the advantage of cheap
rent and rates, combined with a convenient and
ample yard, but the works are removed from
the sphere of work, and transport charges are
increased.

A city office with works in an outer district
lacks the close co-operation between office and
workshop which is essential.

In choosing a site, the advantages must be
set against the disadvantages and a decision
made on the merits of the case.

Size. The size and arrangement of a builder’s
office will naturally depend on the size and
importance of the concern, but the following
departments or divisions must be accom-
modated—

Directors and management.

Surveyors and estimators.

Buyers (often the same staff as the estima-
tors).

Accountant and cashier.

General clerical and typists.

No general rules can be laid down for the
planning or arrangement of the office. Most
building businesses grow gradually and the
offices are enlarged as required, but it is most
essential that the offices, wherever situated,
should be well lighted and as quiet as possible,
in order to obtain the matimum efficiency from
the staff.

Equipment. The equipment of the office
nced not be elaborate, but should be carefully

arranged. The essential requirements are suit-
able desks, files for letters and other papers,
telephone, typewriters, and ample storage
space. The ideal desk for general work is a flat
table, 2 ft. 8 in. high with pedestals of drawers
between cach worker. Plan drawers should
never be fixed under a desk to be used for
writing, but should be fixed as a scparate fitting.
It is impossible to work properly in front of
plan drawers, and it is not convenient to obtain
plans from a set of drawers when someone is
working in front. A low desk should be sup-
plied for the typewriter and independent desks
for the manager and other important officials.

Filing Equipment. Undoubtedly, the best
form of file is a vertical filing cabinet. This is
convenient to use, and papers required can be
obtained from it easily. The initial cost is
fairly high, but this will speedily be saved.
Next to a filing cabinet, the book form of file
is best. Holes are punched through the papers
to be filed and the papers threaded on to metal
pins and fastened in with a clip.

A separate file should be provided for “ letters
received,” ‘“letters dispatched,” *invoices,”
and “accounts.” At the end of ecach three
months, the filed papers should be transferred
to binding files and retained in a store for several
years, as invoices and letters are frequently
required at the settlement of a contract.

Drawing Office. The drawing office should
preferably face north and be very well lighted.
Ample storage room should be provided for
plans and drawings. A flat desk, about 3 ft.
high, is convenient for drawing boards, which
should be slightly tilted. If an electric copying
machine is provided, it should be housed in a
separate room, and not in the general drawing
office.

Mechanical Equipment. A typewriter is essen-
tial to a builder’s office, as well as a telephone
with the necessary extensions. A duplicator
is uscful, especially for dealing with inquiries,
bills of quantities and specifications, etc. A
fireproof safe should be installed for the custody
of financial books, contracts and other important
documents.
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SUPERINTENDENCE

By P. J. Luxron
Member of the Incorporated Clerks of Works Association

PART 1
PERSONNEL

‘I'ur supervision of building work is the business
of a number of different types of men, represent-
ing the person or persons for whom the building
is being crected, and the contractor or contrac-
tors who have undertaken to do the erecting.
Each have their separate and defined functions.

The Building Owner’s Representatives. The
building owner is represented by the architect,
his assistants, and the clerk of works, who, for all
practical purposes, may be regarded as the
architect’s assistant on the job. In addition,
the building owner, who is generally termed the
employer in contract documents, may be repre-
sented by varions consulting engineers---struc-
tural, heating and ventilating, clectrical -and
even mechanical, where there are a lot of lifts or
machinery. These act separately, in that they
arec employed as experts responsible for their
particular section of the work, but all are cither
under or in consultation with the architect.

Whatever their work may be, it has to fit in
with the general plan and scheme of the build-
ing which he has designed. It is usually on
large jobs only—public buildings, extensive com-
mercial premises, places of entertainment or big
factorics—that the consultant is required.  On
small buildings the building owner will probably
be represented by the architect only, although
assistants that the latter employs may be
deputed to visit works in progress, if they are
sufficiently experienced to be of use in that
direction.

The Contractors’ Representatives. The repre-
sentative of the contractor i3 almost invariably
his foreman : a general foreman if the job is
large enough to require one whose whole time is
devoted to supervision, and a working foreman
on smaller works where the organization side
does not require so much attention, or where the
builder assists with the supervision. In this
case the foreman, who is a craftsman, works at
his trade.

The general foreman has practically full con-
trol of the job, as far as the contractors’ work is

concerned, and usually receives his instructions
from a manager, or the estimator who has
priced the bills of quantities ; but these do not
interfere, except in important matters, when the
general foreman is a competent man who has the
confidence of his firm. Whether the contrac-
tor or contractors—in the casc of a firm with a
board of dircctors—take any active part in the
actual crection of the work, and frequently visit
th> job, depends upon its size, and the extent of
the firm’s general business. The largest firms
leave that sort of thing to their managers : the
contractor lower down in the financial scale
cannot afford highly paid assistants, and keeps
in close touch with all phases of his work.

The general foreman has deputies who sce to
the various trades, navvies, bricklaycrs, carpen-
ters, plumbers, painters, and so on, who are
described cither as deputy-foremen, gangers, or
by the rather objectionable term leading
hands.  When the job is going ahead, and many
are employed, these supervisors have enough to
do in keeping their part of the machine running
smoothly. At other times, as when their branch
of the work is only beginning or nearing its con-
clusion, they work as operatives.

Sub-contractors. One other type of super-
visor, who acts indirectly under the general
foreman, is the sub-contractor’s leading man.
Except on large jobs, he works at his trade.
Typical examples arc asphalters, steel erectors,
floor layers of various kinds, slaters, tilers, erec-
tors of special types of constructional floors,
heating and ventilating engincers, electricians,
marble fixers, and lift erectors. At intervals an
outdoor manager, or similar representative of
the sub-contractor doing the work, visits the
job and gives any necessary instructions to his
men ; but for all practical purposes they have,
while on the works under his control, to carry
out the orders of the general foreman with
regard to general procedure.

Thus there is a great variety of method, vary-
ing from that on the largest of jobs, where the
contractors may be represented by a manager
or agent, a general foreman, and his numerous
satellites, and the owner by a chief and assistant
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clerks of works down to that carried out by the
small speculative or jobbing builder, where the
supervision is almost nil, and nothing but good
luck- produces a satisfactory financial resuit.
This general description applics, of course, to
the type of building work which is most fre-
quently met with, where a contractor under-
takes to perform specific scrvices for either a
Jump sum of money, for prices set forth in a
schedule, or for the actual cost of the work plus
a percentage for overhead charges and profit.

Direct Labour. All building work, however,
is not done on this basis. Some large com-
mercial firms, with works departments, buy
their own materials and plant and engage their
own labour ; whatever may be required, either
the erection of new premises or the mainten-
ance of existing, is done under the superintend-
ence of their own staff, probably a manager and
various kinds of foremen. Some municipal
authorities adopt this method, and, to a certain
extent, it is also resorted to on large estates, and
such establishments as cathedrals and hospitals.
On both the estates and the establishments the
superintendent is usually the clerk of works;
and he has a staff of supervisors, clerks, cte.,
varying in number according to the extent of the
area covered, and the amount of money spent.

The two typical superintendents are the clerk
of works and the gencral foreman. Whatever
applies to them with regard to methods of super-
vision on large works, applics in a lesser degree
to their prototypes on works of lesser import-
ance. In the explanations supplied in this
Section, they will be the principal persons dealt
with, and as much relating to the purely
technical side applics to both types, this part
will be incorporated in the description of the
clerk of works’ functions.

CLASSIFICATION OF DUTIES

The dutics of the building superintendent can
be divided into three groups : fechnical, finan-
cial, and social. The first applics to the mate-
rials and processes peculiar to the erection and
equipment of buildings, and with it is closely
interlocked the financial—the cost of the mate-
rials and processes. Lor instance, the cost of
making and fixing a stone ball on a brick pillar
will depend upon the judgment shown in sclect-
ing a suitable stone, and the method and craft of
the mason doing the work.

The third group, the relationship of one indi-
vidual to another, is largely independent of the
other two. Any remarks on this subject have
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a general application, and no special significance
for any particular superintendent : it will there-
fore be dealt with at this stage.

Now, it is true that in any occupation
social harmony and co-operation arc important
matters, whether it be a printing office, football
club, boot factory, or drapery store. But in
constructional works, and building works in
particular, which contain more detail than does,
say, harbour construction or bridge building,
there are factors which do not apply elsewhere.

The number and varicty of persons concerned
exceed those engaged in any purely manufac-
turing process in a factory. They range from
the building owner, architect, and contractor,
down to the mess-room lad, and include a
variety of highly skilled craftsmen, whose accom-
plishments are the result of many years train-
ing. In many factories a process can be learnt
in seven days. A skilled plumber has to spend
that number of years at his trade, before he
reaches a good standard of proficiency. Then
there are always a number of unskilled men who
are of all types. They are engaged without
reference to character, they can go at an hour's
notice, and be discharged at an hour’s notice.
They have not undergone the disciplinary train-
ing involved in acquiring a skilled craft, and
sometimes they can be very unpleasant.

In addition to the principal persons, the owner
or owners, the architect and the contractor,
there are surveyors, persons who will be using
the building and like to get a hearing at inter-
vals, makers of different materials, the officials
of public authoritics concerned with Building
Acts, By-laws and Regulations, representatives
of sub-contractors, and even reporters and the
police.

In the middle of all these, receiving instructions,
hearing complaints, and supplying information,
are the building superintendents. They have
to adjust their dispositions to deal with all kinds
of weather, personal risk, matters giving rise to
controversy, trade disputes, cramped surround-
ings, often much dirt and discomfort, avoidable
and unavoidable delay, and the exactions of
their superiors. No two large buildings are
alike ; on cach new one fresh problems arise,
and when the work is finished the superintend-
ents may have to find fresh employment.  Holi-
days have to be taken when circumstances per-
mit, and sometimes they do not permit for
several years.

Mutual Co-operation. Itisimpossible to define
lines of conduct applicable to these differing
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circumstances. The superintendents have their
personal idiosyncrasies  which arc inherent.
There arc times when two men of different
character constantly in contact, as the clerk of
works and foreman are, cannot get on at all.
There have been instances where the two have
ceased to speak to each other, and during part
of their time together have expressed them-
sclves in writing only,
although  constantly
meeting and occupy-
ing offices only a few
vards apart.  There
are also circumstances
when a fraternal
relationship is impos-
sible on account of
the tactics adopted
by one or the other,
unscrupulous me-
thods, unjust de-
mands, or deliberate
rudeness.

But these ate ex-
ceptions ;- both men
occupy responsible
positions, with their
separate duties to
their employers ;. and
an attitude of toler-
ance and respect,
cach recognizing that
the other has many
difficulties, is the only
sane one. The clerk of
works should appreci-
ate the fact that the
builder has undertaken to do the work because
he hopes to make a profit, and that losses are
experienced as well as profits.  The foreman,
in his turn, should realize that a contract is an
obligation to perform defined services, and that
the duty of the clerk of works is to sce that this
is done. But both should adopt a courtcous
attitude, refrain from trespassing on each other’s
rights, and render mutual assistance, without
in any way ncglecting their duties to their re-
spective employers, whenever occasion for doing
SO arises.

The clerk of works should not interfere with
the gencral conduct of the work, as long as the
stipulations of the contract are being observed.
He should deal direct with the foreman, or, in
minor matters, with the deputies, when the
general foreman does not object to that being
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done.  He should not give instructions to work-
men, or hinder their operations. He can, how-
cver, often make useful suggestions with regard
to procedure which will not be resented ; on the
other hand, they will often be cordially welcomed.

It is not, as a rule, wise for the clerk of works
to recommend that any particular person be
employed unless he is very sure of his man ; the
foroman may be in-
clined to suspect that
this is being done in
order to obtain in-
formation.  But he
has the right to object
to the employment of
a man whom he re-
gards as being unsuit-
able, such as an in-
competent  mechanic.
Under the terms of the
contract this should
be done by the archi-
tect, but usually the
authority of a clerk of
works is recognized in
such matters.

With regard to the
attitude of the fore-
man to those employed
under him, there is
usually something
wrong if an atmo-
sphere of general dis-
satisfaction prevails on
a job. Tt is his busi-
ness to sce that the
men know what they
have to do, can perform their work in reason-
able safety, are not compelled to lose time where
such loss can fairly be prevented, and are sup-
plied with proper accommodation for meals, safe
storage for tools, and clean sanitary conveniences.
When it is necessary to point out mistakes, this
should be done without giving offence.

Tue CLERK OF WORKS
Tt has been mentioned that there arc several
types of clerks of works. The name is an old
one, and the earliest records refer to him as a
court official who rejoiced in the name of
Clericus Operationum. His duties appear to
have been connected with accountancy—the
keeping of records and costs—rather than with
the supervision of building work. This followed

(Continued on page 31)
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ESTIMATING

By HENRY A. Mackmin, .51, M.R.San.1.

Author of ' Builders Estimates and Pricing Data ™' ;

Lecturer on Quantities and Estimating,

Wandsworth T echmcal Institute

LESSON 1
METHODS OF ESTIMATING

Introductory. The preparation of builders’ esti-
mates is a task that needs considerable experi-
ence, and no matter what position one may
occupy in regard to the construction of build-
ings, sooner or later will the question of cost
arise. The client may cither stipulate the cost
of the work must not excced a certain amount,
or as soon as the drawings arc ready he will
requirc to know the approximate cost. The
architect will either prepare a rough outline of
the cost himself, or perhaps he may consult a
quantity surveyor, which is the wisest thing he
can do in the circumstances. In the provinces,
it sometimes happens that the architect pre-
pares his own quantities, but in London and
other large towns, independent quantity survey-
ors do the work

Methods. The architect frequently bases his
approximate estimate upon what arc known as
‘““cube " prices; whilst the quantity surveyor
is more likely to prepare “ rough quantities
and price the items upon actual data required
from other work, similar in character.

The latter method is more reliable than the
former ; in fact, *“ cube " prices if used by the
inexperienced can be very dangerous as well as
mislecading. When proper measurements are
taken and a careful bill of quantitics prepared,
the preparation of prices is not so difficult a
matter for the builder, or his estimating sur-
veyor, as-when drawings and specification are
supplied ; for in this latter event, the person
preparing the estimate will find it necessary to
take off the quantities as well as prepare the
prices. Many building firms of repute now
refuse to tender unless bills of quantities are
supplied, except of course for small jobs, repairs,
or decorating work ; but when it does become
necessary for the builder to take off quantities,
the latter do not contain anything like the
amount of detail as given in a surveyor’s bill of
quantities, but are in the form of ““rough”
quantities as mentioned earlier.

It may happen that the client himself consults
a builder and asks him to prepare his own
specification and estimate, in wluch case it also
becomes necessary to prepare “ rough ” quanti-
ties. This name does not accurately describe
the work, ‘“ grouped "’ quantitics would be a
better term.  Often the client consults more
than one builder, which means that several men
are occupicd upon similar tasks, but only one of
them will be repaid.  This is one of the difficult
problems in the building trade, and the custom
1s probably due to so nuany persons offering to
supply “ estimates free,” a description one so
often finds upon billhcads, and even displayed
in advertisements.

The amount of time expended in the prepara-
tion-of estimates for work which he does not
obtain is a serious matter to many a builder. It
is to be hoped that in the near future some
remedy may be found, for it is not fair to expect
one section of the community to work for
nothing.

From the previous remarks it will be seen that
there are practically three methods of estima-
ting: “cube” prices, “rough” quantitics,
and detailed pricing of accurate bills of quanti-
tics. The writer hopes to be able to explain
cach method, but most attention will be paid to
the latter process and the analysis of prices.
There is one other form of pricing, which, how-
ever, can hardly be considered a mecthod, but
which is used by certain individuals, particu-
larly with regard to painting and decorating
work. It simply consists of guessing at the
price. The individual concerned may claim
that his past experience enables him to form his
idea of price without taking any measurements ;
but the writer has found that the more experi-
enced a man becomes, the less he relies upon
anything in the nature of gambling with prices
and measurements. With “ spot items " it is
necessary to a certain extent to compile the
prices without taking measurements, but even
these figures can be compiled in a scientific
manner.

To prepare a reliable estimate there is only
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one sound method, and that is to prepare, or to
have prepared, a proper bill of quantities, and
to price each item in a careful manner, using
prices prepared upon a detailed analysis of cach
separate task.

Tenders. These can be of two kinds, that is,
lump sum tenders, and priced schedules. Tor
lump sum tenders it is usual for bills of quanti-
ties to be prepared, and these are forwarded to
builders for them to price.  After pricing each
item in the bill, the builder forwards the total
only, as his tender; and later, if his price is
accepted, he forwards a complete priced bill.
The priced bill becomes the basis for any varia-
tions that occur during the progress of the job ;
any extras or omissions are priced at the prices
contained in the detailed bill of quantitics.

Another form of tendering is for the architect
to forward the builder a schedule of typical
items that are likely to occur on the particular
job, but without giving any quantities. The
builder prices cach item, and later on as the work
proceeds it is measured up and priced at the
rates quoted. Covernment departments and
municipal authorities sometimes  prepare  a
priced schedule of all items likely to occur in a
building ; and this document is forwarded to
contractors, who quote a percentage to be
added 1o, or deducted from, the prices given in
the schedule. It is obvious that the great
disadvantage of priced schedules is the difficulty
of knowing in advance the size of the job, and
the impossibility of finding if the job is profit-
able or otherwise until the work is measured up.
Tendering by giving lump sums is preferable,
and priced schedules should be used only when
it is impossible to prepare bills of quantities.

Variations in Estimates. To the uninitiated
the great disparity that occurs between the
highest and lowest tenders, as shown in the lists
published in the technical press, is remarkable,
but even experienced practitioners are occa-
sionally surprised. Two of the principal reasons
for this remarkable difference are keen com-
petition and incompetent estimating.  An emi-
nent builder recently wrote the writer as
follows : ““ I think at the present time if every
builder’s survevor were to price cach item of a
bill of quantitics based upon what the work
would actually cost, he would not get a single
job.”

It often happens that the experienced
builder’s surveyor will discover some pitfall or
circumstance connected with the job that might
add considerably to the cost, but which could

casily cscape the notice of competitors not so
experienced ; and in such cases he may some-
times price the items at rates lower than they
should be, so that his tender may not appear
cxtraordinary when compared with others.
There are many other reasons for variations in
pricing, but the most annoying one is incompe-
tent estimating.  Architects and surveyors are
often surprised that such men can retain their
posts, but the builder himself knows how very
difficult it is to obtain a first class estimating

ety

surveyor, and will often put up with indifferent
men until he can find someone more experienced.
Many voung men imagine that bills of quantities
can be priced by simply copying prices from a
standard list and then adding or deducting a
percentage ; it is the writer’s intention in these
lessons to try and explain how dangerous this
may prove.

Cubic Contents of a Building. Before we
attempt to explain cube prices and examples it
Is necessary to mention there are different
methods of finding the ““cube.” Fig. 1 will
explain the method preferred by the writer.

The sketch illustrates a small building with
one chimney stack and two dormers. To obtain
the cubical contents for the purposes of an
approximate estimate, the length is multiplied
by the breadth, and then by the ““ height,” the
latter being taken from a point half-way between
ground level and the bottom of foundations to a
point half-way up the height of the roof. After-
wards the cubical contents of the dormers and
chimney stack are added.

(Continued on page 42)
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LESSON 1 mines. In America and other countries this
natural gas was, and is, found imprisoned in the
GAS MANUFACTURE lower strata in immense quantities, and under
Introduction. The first recorded instance of gas  such pressure that it is possible to tap the

supply and convey it long distances to supply
neighbouring towns and villages. Although
three million domestic consumers were supplied
with natural gas in the United States of America
in 1922, the quantity available is decreasing and
its place being gradually taken by manufactured
gas.

Manufacture. Fig. 1 illustrates diagram-
matically the process of gas manufacture.  The
crushed coal is hoisted by means of a conveyor
into an automatic hopper from which it is
released into a vertical retort from which air is

being used in the service of man was in 179o,
when Wm. Murdock lighted his cottage with it
at Redruth, Cornwall. The possibilitics of its
application were scarcely realized until Murdock,
in 1798, having moved to Birmingham and still

Vertical Retort Setting

continuing his experiments, lighted his own
home and the factory of Boulton & Watt in
Soho, near Birmingham.

He obtained gas by heating coal in a cast-
iron retort, and laid the foundations on which
the science of gas manufacture has been built.

Many carly experimenters found that in
marshy and swampy ground where large quanti-
ties of vegetable matter were undergoing decom-
position, a gas was evolved— marsh gas—which
was easily ignited. This same gas under the
name of fire-damp is known to occur in coal

ExNacister Herubber Warher

FiGg. 1. DiagraM SHOWING ProcEess
excluded. This retort is heated externally and
the gas in the coal is driven off, while the coke is
continuously cjected at the base. The gas
given off is drawn through cooling towers where
a proportion of the tarry matter is condensed,
then through scrubbers and washers which
remove the sulphur and ammonia compounds.

The remaining sulphuretted hydrogen is
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separated from the gas by passing over hydrated
oxide of iron in the purifiers, after which the
gas 1s measured by the station meters and passes
forward to the gasholder. It is the by-products
removed in cleansing the gas which form
the basis of all aniline dyes and coal tar
products.

Composition of Gas. (oal gas obtained from
this process of distillation is a mixture made up
of various chemical compounds and elements,
the proportions of which vary according to the
particular coal used and temperature of carboni-
zation.

The approximate composition of  straight
coal gas made from a Newcastle coal is as
follows—

Hydrogen 1949

Marsh gas . 35700 Combustibles

Light yiclding hydro- and
carbons . 383 Hluminants.

Carbon monoxide . 061

Carbon dioxide 012 Inert

Oxygen . nil o |

Nitrogen 305 BAsCS. 4

100:00

|

b
Gas undertakings are to-day required to ||

l

supply gas of adefinite declared calorific, or heat-
ing value.  In order to do this cconomically,

H

Z
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requires a known admixture of air for complete
combustion. The composition of this town’s
gas varies according to the declared alue
adopted by the gas undertaking.

The following may be taken as a typical
example-- -

Hydrogen 400
Marsh gas . . .230
Light yiclding hydrocarbons 204
Carbon monoxide 120
Carbon dioxide 4
Oxygen I
Nitrogen 10°9
1000

It is gas of approximately the above com-
pesition which is supplied by the great majority
of zas undertakings in Great Britain, and which
will be dealt with in these lessons.

Some  gas undertakings have adopted a
calorific value of goo B.Th.U. per cub. ft.,

7o Street Mains

L=

lur & Ammonia_Liguor Tunk

OF (GAS MANUFACTURE

it is often the practice to add to the straight
coal gas a proportion of water gas or carburctted
water gas. These proportions are varied accord-
ing to the type of coal used and method of
carbonization, the aim being to obtain a town'’s
gas of unaltering thermal value and one which

Gasholder

whilst others supply gas as high as 560 B.Th.U.
per cub. ft.

The majority of gas undertakings in the
United Kingdom have, however, adopted a
calorific standard between 450 and 500 B.Th.U.
per cub. ft.
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TRAINING AND OPPORTUNITIES

OF AN ARCHITECTURAL STUDENT

By Proressor BErResrForD PiTE, MA,, F.R.I.B.A.

PART 1

Architecture is both scientific and artistic ; its
pursuit or practice is the profession of an art as
well as a scientific business. By its response to
natural gifts and apti-
tudes it may be truly
named a vocation. As
in the case of the arts
of painting and sculp-
ture, so in architecture,
though more rarely,
vouth may feel its at-
tractive power, and this
so strongly that the
thought of being bound
for life to any other
service is  intolerable.
Men  have been born
architects in the past ;
we may therefore look
for their types among
the rising  generation,
secking symptoms of the
natural imaginative
genius  that dreams
of great buildings, takes
peculiar delight in his-
toric examples, and
which strives for oppor-
tunity to express its
visions.

Natural Gifts. The
unquenchable desire to
become an architect is
among the gifts of na-
ture: it is a symptom pointing towards genius,
and may well be encouraged wherever it is
clearly distinguishable. But it is well to add
that such instinctive and irresistible calling is
not common, perhaps very rare. Not many
successful and leading architects would con-
scientiously own its impulse.

Less intense, but sufficiently real natural
aptitudes of several kinds may well be taken
into account at the critical period in youthful
life when the choice of a life-work has to ke
made. It may not be unnecessary to insist upon

singlon, 19g00-1923 ;
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the importance of the consideration that success
means not only sccuring more than is sufficient
of this world’s requisites to live upon, but the
rendering of life both useful and pleasurable.
The pursuit of architecture should be suffi-
ciently remunerative for
the healthy minded,
certainly useful to the
community, and also
constantly  pleasurable
to the practitioner. Not
only the pleasures  of
imagination but those
of realization lie close to
the architect’s daily walk
in life. They are differ-
ent from those of the
commercial  world in
essence, and are akin to,
but more tangible than,
those of many other
professions devoted to
the pursuit of art or
science.  To have not
only the opportunity of
dreaming a vision of
beauty but of crecting
it solidly on a great
scale s the peculiar
privilege of the archi-
tect, and necessarily it
is a pleasure which is
an enduring experience.
Apart from the con-
tingent  responsibilities
that wait upon cvery-
one’s duty, architecture can be recommended to
the hopeful youth as a pleasurable occupation.
Aptitude for Drawing. Among natural apti-
tudes the first place may be given to the love of
drawing, usually shown by facility in freehand
representation of form of light and shade, and
of perspective. A gift for drawing is not gener-
ally regarded as a valuable capital asset, for
painters and sculptors are known to have a
hard struggle, and the rewards of art are few
and cruelly carned.  But as the talent for draw-
ing may be combined with useful business in
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architecture the doubt as to the practice of art
as a means of livelihood may be quicted, and a
career opened to the born artist in which his
talent will not lie buried.  This may be gencrally
admitted to be true, subject to the important
consideration that other qualitics, such as
business capacity, are requisite for success in
bringing an artistic talent into contact with
practical life.

Aptitude for Design. A sccond place among
the natural aptitudes that may be looked for in
early life is inventiveness. A marked originality
of view is likely to be more useful in a profession
which has to design or originate schemes and
plans, than a disposition to conform without
question to conventional procedure.  An archi-
tect in busy modern practice, might with truth
summarize his daily work as the solution of
puzzles, and it may be anticipated that the
faculty which in childhood finds the invention of
solutions to puzzles to be pleasurable, will be
uscfully employed in undertaking the difficulties
of planning the complicated requirements of a
building.

Aptitude for Construction. .\ third place may
be given to the aptitude for construction,
perhaps belonging generally to the human
animal ; a special delight in building as con-
struction, for its mechanical interest has both
promise and importance when directed to the
service of building. The practice of nursery
brickwork is fairly widespread, and mechanical
and constructional toys can be graded upwards
until the practical interests of the home are
brought within the grasp of an intelligent child.
Electric bells and lighting lead now to broad-
casting installations, but even the more common-
place neccssaries, of locks, clocks, and taps,
afford opportunitics for the exercise of mechani-
cal inquisitiveness and useful knowledge that
necd not be overlooked in the search for indica-
tions of a calling.

The combination of these three aptitudes in
one personality, indicating artistic, inventive,
and mechanical interests, will be rare, but
either of the two latter united with the former
will offer a strong promise of natural qualifica-
tion-for an architect’s carcer.

Schooldays. After home and the earlier
period, school training should have some proper
relation to its end. Nothing, however, ought
to qualify the general value of the foundation
of a liberal education. Any idea of early
specialization that would limit cither classics
and literature or mathematics and science in the

curriculum of a good school must be avoided.
The six or seven years given to unspecialized
education have an enduring value and influence
in after life. To have an outlook towards art
and buildings all the time will be a help and
not a hindrance to success in every department
of study ; but it is an ill-service to a youth to
ask that time should be taken from the general
course of a school for special studices of a limited
nature. [t is important however, in any extra
subjects selected for an intending architect,
that the hours of the week allowed either to
drawing or carpentry should not be wasted in
playing at these subjects, and on this point a
word to the instructors ought to be given.

School Drawing. The teaching of clementary
frechand drawing, which should be general in
al' schools, ought to be accompanied by geo-
metrical drawing.  Mcasured drawings of rooms,
of architectural features, as well as of con-
structional details, is a highly interesting as well
as productive method. Sketching buildings in
perspective is more illuminating than class room
models, and light and shade observed in build-
ings is more interesting than in shadow copies or
artificially lighted casts.

Carpentry, usually taught by a practical
man, should be learnt from working drawings,
and include setting out. These drawings, the
teacher, as a rule, cannot supply, but if he is a
practical man he will welcome the use of good
architect’s or workshop drawings of simple
subjects by his pupils, who, by the way, should
make their own copies, and thus relate their
drawing lessons to their carpentry work.

The Classical or the Modern Side. Of the
large question of the classical or modern side of a
public school, unfortunately arising in the middle
of this period, the necessity of which we will not
stay to discuss, it may be said that as an archi-
tect needs grounding 1n each, if both cannot be
taken together while at school, it docs not matter
very much which is taken first.  On the classical
side the intimate connection of architecture and
art with Greek and Roman life, and the illustra-
tions they afford of most of his historical studies,
will add interest to his work; while on the
modern or science side the practical usefulness
to buildings of applied mathematics, physics,
and elementary chemistry, in all that concerns
materials and construction and the elements,
will give point to studies and observation. On
the large question of the classical or modern
side it will be safe to follow the inclination
created by natural aptitudes provided that
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definiteness of aim and consistency are main-
tained without rigidity or limited specialization.
It often happens that the right and final decision
cannot be made until after leaving school, when
the wider outlok of a university may unexpec-
tedly open the eve and mind to a truer view of
life’s calling.

On Holidays. Architectural proclivitics may
be tested by a judicious use of holidays, with
which it is often possible to combine excursions
to picturesque buildings and historic towns.
A cathedral may be reckoned to have a valuable
influence upon an impressionable mind, and the
company of an artist fricnd or architect at the
visit will improve the occasion.

16-18. The age for leaving school may not
always coincide with that for entering upon
professional education. It may be suggested
that 18 is the best age for entry cither at a
university or school of architecture.  1f it may
be assumed that by the time a boyv is sixteen
his future walk in life tends towards an artistic
profession, the two intervening years may with
advantage be devoted to  drawing.  Early
facility in draughtsmanship is of great advan-
tage, as later on it will not be easy to find time
for the steady grounding which lays a life-long
foundation. The changed method of education
in the comparative freedom of an art school will
have its advantages in independence of outlook
and in the formation of critical observation.

There is no definitely authoritative process or
period of architectural education.  There is
happily entire freedom of practice which involves
freedom in education. The several usual and
possible methods will be dealt with, bearing
in mind that variation and interchange may take
place between parts of the different processes.

R.ILB.A. Examinations. We will proceed to
describe four typical programmes of education,
in cach taking the three qualifying examina-
tions for the associateship of the Royal Institute
of British Architects as indicating accepted
courses of study having an examination as its
goal.

It is, however, very important to bear in

mind that architectural practice is not confined
to exact sciences, like engineering, or building
construction, to which examination questions
and problems can be applicd as tests of
knowledge and intelligence.  The scientific and
theoretical branches of the general subject can
without doubt be sufficiently tested by standards
of accuracy, expressed in written papers and in
diagrams, but the raison d'étre of an architect is
his power of inventive and artistic design- -an
individual gift, not always spontancous and not
invariably associated with the gift of rapid
draughtsmanship.  This quality, it may be safe
to sav, cannot be individually tested in the
examination room. It requires a sympathetic
treatment which can waive comparisons with
the normal standards, a comparison that
examiners cannot be trusted to exercise with
fairness when in competition with their own
personal tastes and the necessary ideals of an
examination.

Examination System. This consideration, of
course, implies entering a caveat against the
whole effect of examinations in architecture.
The examination courses may well be taken as
providing a useful programme and a test of
instruction, but they "have unhealthy and
fallacious results if regarded on completion as
hall-marking the. successful candidate as a
tested architect.  Their purpose is that of a
fence to the enclosure of the Royal Institute.
They must not be mistaken for the enclosure of
the field of architectural ceducation, or as an
excluding wall to the sacred domain of art,
which may shut out the gifted, if individualist,
practitioner, or the erratic genius.  For genius
it is proverbially difficult to preseribe, but the
sense of this cannot be sufficient reason for
fixing an educational programme which, if
rigidly insisted upon, will eliminate from the
practice of the profession those gifted sons of
art on whose inspiration great works of archi-
tecture depend.  Considerations such as these
will have to be taken into account in weighing
the thorny problem of a registration of architects
by examination.
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THE ORIGIN OF OUR ENGLISH HOUSES

By

FEW people are aware of the wealth of ancient
houses that Ingland still possesses, or realize
how strong a light these houses throw on the
manners and customs of our ancestors at
successive periods.  We
are quite ready to be-
lieve that ““ an English-
man’s  house is  his
castic”  -although, in
view of the modern in-
crease  of - residential
flats, the statement is
not of such universal
application as it used to
be. But we are not
<o familiar with the idea
that at one time an
Inglishman's castle was
his house, and yet it
was so to a great extent.
The castles, of which
ruins are to be found in
all parts of the country,
and which are often
made the excuse for
picnic partics, were by
no means all of them
military strongholds.
Most of them were, In
fact, private houses;
strongly fortified, 1t is
true, in order to provide
protection in an age
when safety of life and
goods was a private,
and not, as it now is, a
public concern.

“THE HALL”

Such strongholds consisted in most cases of a
tower with extremely thick walls, and con-
taining only some three or four rooms, one over
the other. ~ Of these the principal room was the
hall, in which the houschold lived night and day,
cating and sleeping there in common, save that
the lord and his family could retire to small
chambers contrived in the thickness of the walls,
very little larger than a sleeping compartment
in a night train. Window openings were seldom
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glazed, but were closed with shutters, which
excluded the light as well as the weather.  The
conditions of such homes would be intolerable
to us, and although to our ancestors they
evidently were tolerable,
they left much to be de-
sired by the inhabitants,
and it is the pursuit of
greater comfort which
through many centuries
has gradually transform-
cd these rude, if secure,
dwellings step by step
into such houses as we
live in to-day.

In addition to these
very restricted towers
there were, in districts
where danger from at-
tack was less, houses of
much the same amount
of accommodation, but
in which the rooms were
placed alongside of each
other instcad of one
over the other. Here
again the chief room
was the hall, but speak-
ing in general terms, it
had at one end of it a
kitchen and at the other
end a parlour.  The hall
remained for centuries
the principal room, so
much so that it gave its
name to the chief house
of the wvillage which
became known as “ The Hall,” a designation
which survives to the present day.

ELIZABETHAN HOUSES

As manners softened with the lapsc of years,
and as refinement increased, accommodation
became less restricted ; at one end of the hall
the kitchen grew into a servants’ wing, and at
the other the parlour grew into the family wing.
Thus emerged the great houses of Queen
Elizabeth’s time, conforming to a type which
prevailed for some century and a half, a type

oele.
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which, again speaking broadly, presented the
hall as the body of the house, flanked by a
family wing and a servants’ wing.  This arrange-
ment produced a plan which resembled cither
an H or an E, the middle stroke of the E being
formed by a projecting porch.  Fanciful writers
have said that the E plan was so contrived out
of compliment to Elizabeth ; and although the
form was the result of practical considerations
rather than of politeness, yet the notion has the
advantage of connecting this type of plan with
the period when it prevailed.

By the time of Elizabeth the old conditions
of insccurity—which made safety a primary
consideration and thus severely limited the size
of such vulnerable openings as windows-- had
greatly improved, and it is one of the character-
istic features of Elizabethan mansions that they
are full of windows. Indeed, cheerfulness, space,
comfort and magnificence In appearance were
now the controlling factors in the design of
houses, many of which were built of great size
in order to accommodate the Queen and her
court when she made those ** Progresses,” or
travels, which cnabled her to keep in touch
with her subjects,

THE RENAISSANCE

But now came another factor that deeply
influenced  design in architecture. The great
awakening from the darkness of the Middle
Ages, known as the Renaissance, changed the
whole outlook on life so far as Ilurope was con-
cerned. It had its origin in Italy during the
fifteenth century, and one of its results was that
the influence of Italy, especially in matters per-
taining to art, gradually spread over the whole
of the west. England felt it along with her
neighbours, and in course of time her architec-
ture answered to the new stimulus,  Ttalian
forms and methods of expression were adopted
by English craftsmen, but they were harmonized
to a certain extent with the old native tradi-
tions. The resultant architecture was a piquant
mingling of the old and the new.  But, as usual
in such circumstances, the new ousted the old,
and in the course of the seventeenth century
the change became so _complvt(; that by the
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time of Queen Anne a style of architecture had
become established widely ditfering from that of
Elizabeth. One of the most potent agents in
the change was the celebrated architect, Inigo
Jones, who had passed a long time in Italy
studying its buildings. Sir Christopher Wren
followcd the same lines, and after him Vanbrugh,
and other architects of the cighteenth century,
became more and more wedded to the new
1deas.

During all this time the habits of English
people had gradually changed.  The great hall,
which had been a common meeting place for the
family and its retainers, fell into disuse ; the
family secluded themselves from the servants,
separate rooms were provided for nearly all the
houschold, and consequently, plans of houses
became different from those of old.

The power and prestige of the nobility were
now at their height ; morcover, architecture had
come to be regarded as an aim in itself, apart
from the utilitarian purposes it had to fultil’;
and thus arose those vast mansions of the carly
cighteenth century, which were  designed  to
impress the spectator with the splendour of this
duke or that car], rather than to provide those
noblemen with really comfortable dwellings.

OUR HOMES OF TO-DAY

Time marched on and brought with it further
social changes.  The great middle class, con-
sisting of well-to-do merchants, professional men
and the like, became of increasing account, and
for them houses had to be provided, attractive
and roomy but not magnificent.  The squares
of London and the pleasant houses on the out-
skirts of provincial towns are evidence of this
development.  Such houses derived their fea-
tures, both of plan and appearance, from what
went before them.  They were strongly imbued
with the classic, or Italian, spirit.  As to what
came after them, it is not difficult to see that the
houses we live in to-day are closely related to
these middle class houses of the cighteenth
century ; and thus, step by step, can the
pedigree of our own homes be carried back to
the lonely little towers that existed when Magna
Charta was signed,
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PRELIMINARY OPERATIONS

By R. VinceNT BouGHroN

LESSON 11
PLANT

Tue term plant comprises all  those things
temporarily required for mixing the various
materials, hoisting, stagings, scaffolding, and
to allow of the craftsmen’s access to the various
parts of the building during its erection.  When
it is considered that the “ use and waste ™ of
plant necessitates an expenditure of 1} per cent
to 24 per cent of the cost of a building, it may
he realized that care must be exercised in its
requisitioning, use, and  maintenance.  The
following is a brief description of some of the
ordinary ““ plant "' items.

Scaffold Poles used for the standards, ledgers,
and braces of scaffolding vary in length from
12 to 33 ft.; they must be straight, free from
defects, barked, not too slender, tapering from
the butt to top, with the latter about 2in.
diameter for poles about 15 ft. long, 2} in.
for 22 ft. long, and 3 in. for longer lengths.
Scaffold poles should be from young larch or
spruce trees,

Scaffold Boards uscd for the platforms of
scaffolding should be as long as possible, up to
about 13 or 14 ft., 9 in. wide, and not less than
the usual thickness of 13in.; they should be
northern pine or spruce, or other tough, strong
elastic timber, free from any defects that might
cause snapping under suddenly applied loads,
which often occur on scaffolds. The ends
should be bound with hoop iron to prevent
splitting or fraying, or protected by the econo-
mical method of cutting off the corners and
spiking with 4in. nails. Figs. 2 and 3 show
these methods.

Putlogs arc short lengths of timber, about
0 ft. long, and 3in. X 3in, 4in. X 3in, or
4in. X 4in. scantling, of the same timber as
scaffold boards, or of birch.

Scaffold Cords should be of best tarred hemp,
cut and whipped into 16 ft. lengths, not less
than }in. and preferably 3 in. diameter (13 in.
circumference).

Scaffold Lashes are of flexible galvanized steel
wire and are preferable to cords, as they do not
stretch. They arc obtainable in 12, 15 and
18 ft. lengths.

Ladders arc purchased in lengths of rung
units of 8in. (somectimes 8% in. or gin.), from
14 to 100 rungs (or more). There should be
sufficient shorc ladders to give access to the
lowermost and intermediate stages of scaffold-
ing, and also others capable of reaching the
highest parts of the building. They should
have sides of Norwegian spars, oak rungs, and
iron tic rods.

Cauging Boxes for proportioning the mate-
rials for conerete, ete., are bottomless, and have
four sides only 5 they are square on plan and of

STOUT HOOP
IRON BINDING
NAILED TO END,

“"'i"\ CoN (‘
:/' e ‘ 1 bzordaleersatd grop 5
—~ I o NAILS
HOOP IRON I( et AT
TURNED “l') ot .
iNTo SAw | AL i I‘
T ;\ ;‘l"l'l ll'. Vo .
\! ] ); ’ L'.l.‘
M W\\Nm\
\A»,
1. 2

arca and depth to hold any required quantity
of material.  Fig. 4 depicts a gauge box to hold
1 cub. yard of materials.

Builders’ Pails should be strong and riveted,
and 12 in. to 13 in. deep, as Fig. 5.

Shovels and Spades. A type of shovel, as
used for shovelling materials, is shown by
Fig. 0, and a spade, as used for digging, by
Fig. 7.

A Digging Fork is shown by Fig. 8, and has
four or five square prongs and riveted eye
handle.

Earth Rammers are as Fig. 9, and have wide
cast-iron bases, stout ash handles, about 5 ft.
long, and weigh about 11 1b.

A Sand-washing Sieve is shown by Fig. 10.
These sieves are obtainable with four to sixteen
holes to the inch.  The rims are usually of oak
and the bottoms of iron or copper wire. The
sizes are about 20 in. diameter, § in. deep inside
and 7 in. deep outside.
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Gravel Sieves arc as Iig. 11. They are 20 in.,
22 in., or 24 in. in diameter, with wires set
to various gauges, from § in. to 1 in., and
sometimes more, with oak rims about 3} in.
deep. The mesh is straight, as illustrated, or
square. ‘

A Screen is shown by Fig. 1z, and these are
obtainable in sizes 5t < 2 ft. 61in., 5t 6in.

2ft. gin, and 0 ft. < 3{t., with straight
mesh varving from % in. to Lin.
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Fig. 16, arc used for hoisting light loads, and
have stout metal frames and about 10 in.
diameter wheels ; the top hook is for secaring
to scaffolding, ete.  Strong manilla fall ropes,
fin. to 3in. circumference, are used for
hoisting.

Pulley Blocks, as Figs. 17 and 18, which show
single and double blocks, are used for hoisting
heavy loads, such as girders, ctc., and are made
to take { in. or 1 in. diameter ropes.  The action
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Builders’ Rubbish Baskets wre was shown and use of pulley blocks will be described in a

by Fig. 13, and are made of stout cane with
iron binding at bottom and of half-bushel
capacity.

Basket Slings have two lengths of chain con-
nected to a ring at top and a hook at cach end
to cengage the handles of basket. Fig. 14
illustrates.

Barrow Slings have three lengths of chain
connected to a ring at top; two of the chains
have eyes at end to fit over handles of barrow,
and the other chain has a hook to grip the
barrow wheel.  Fig. 15 illustrates.

Gin Blocks, or Rubbish Wheels, as shown by

later lesson.

Navvy Barrows are made in a variety of forms,
Figs. 19 and 20 depicting barrows with wood
and iron wheels, respectively. A good barrow
should have ash frame, legs, and wheel runners,
and elm body; }in. cross-frame bolt; steel
strengthening stays; either hardwood wheel,
with 1}in. iron tyre, or stout cast-iron wheel
% in. diameter or tread; and have a capacity of
two bushels.

Miscellaneous Plant Requirements include
water tank, pipe, hose, a few squares of rough

(Continued on page 66)
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ARCHITECTURAIL DESIGN

By T. P. Bexnert, F.RIB.A,, and ‘I E. Scorr, A.R.I.B.A.

LLESSON 11
PRINCIPLES OF DESIGN

Truth in Architecture. Guadct has said that in
architecture there are *“ material ” and “ moral ™
needs.  Not only must the building satisfy the
practical requirements of the programme, but
it must be beautiful. The designer will auto-

IF16. 4. AN AMERICAN BAnNk BuiLpiNa
matically anticipate effect as soon as he considers
the programme ; the extent to which his artistic
expression should be controlled by considera-
tions of cconomy, cfficierrcy, and other material
matters will be determined by the nature of the
building he is designing. But always his efforts
are to create a building whose character is the
truthful expression of its purpose.

Truth is the essential characteristic of fine
architecture.

It results from the faithful adherence to the
programme to the last detail. By the pro-
gramme, reference is not only made to the
material requirements of the client, but also to
the mental appeal of the building.

Proportion. The relative importance of the
programme must be realized ; it is wrong to
produce a miniature opera house for a village
concert hall, or a grandiose town hall for an
cmporium.

By the true interpretation of relative impor-
tance, characler is created.  There are many
shades of character in architecture: Refinement,
Grandeur, Gaiely, Solemmity, Vigour, Restful-
ness, always expressive of the purpose of the
edifice.

These qualities are expressed primarily by
means of proportion.  Proportions will not only
regulate the individual clements which go to
make up a composition, but also the relationship
between them. Proportions will be determined
by a variety of considerations: the relative
importance of the various requirements of the
programme ; the traditional forms which have
been evolved from the constructional develop-
ment and use of materials; the  traditional
proportions which are associated with various
historical styles; and the artistic taste of the
designer.  Many theorists have produced geo-
metrical rules for proportion and have illus-
trated their theories with certain interesting
coincidences in antique architecture.  Even if
these theories are accepted, it is questionable
whether their application to modern practice
would do other than confuse the designer.
Their only value would appear to be the estab-
lishment of a certain consistency of proportion
thronghout a design; but this surely will
always be the aim of intelligent architects.  To
appreciate proportion it is necessary to study
fine architecture, and thereby cultivate good
taste, for a scnse of what looks well is the surest
criterion for proportions. There is, however,
onc aspect of proportion which appears to be
decisive.  The proportions which go to make a
shape should be definite. A square should be
an exact square, and an oblong definitely so;
similarly, there should be no hesitation in circles
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and ellipses, for the eye will not be satisfied by
shapes which might be cither.

Scale. But proportion must also be con-
sidered in its broadest sense.

In any work of architecture it is not only
necessary to study the relationship between the
component  parts, but also the proportions
between the building and other comparable
objects.

This is known as scale. Scale, more than
anything clse, will determine the character of
a huilding.

It the design of a building in which there are
big parts, such as a railway station, a theatre or
a bank, the external motifs must be also big, so
that they may express the truth of the building
(see Iig. 4).

The same scale should be maintained through-
out a building, but always there must be some
readily appreciated feature which will give the
general scale its full value.  Referring again to
I'ig. 4, it is scen that the upper floors are united
inan “ order ™ which maintains the scale set by
the entrance, but that the impression of size is
only realized by comparison with the single
intermediate windows,

Simplicity and fewness of parts will convey
an impression of bigness which is known as large
scale; a multiplicity of claborate parts -small
scale. It is essential to grasp the importance
of the programme and treat the elements accord-
ingly, but a building should never be overloaded
with small parts or broken up into small features.
It must be allowed to look its size.

Scale is influenced greatly by environment ;
if any object, which is normally seen and used
indoors, is examined in the open air, the result
is surprising. Spaciousness greatly  reduces
scale,  The Arc de Triomphe, in Paris, is worth
study ; its huge size is not realized without
carcful comparison with familiar objects, such
as the human figure.  But the edifice is in scale
with its surroundings; it dominates without
overpowering.  Scale, however, must recognize
human proportions. Whatever the require-
ments of beauty, the dimensions of useful cle-
ments, such as steps, doors, and balustrades,
must always be consistent with their utility.

Architecture must be well mannered.  The
civil importance of state, municipal, and religious
buildings must be recognized, and the commer-
cial or domestic building so designed in scale that
it is given its proper position of social precedence.

Construction must govern design, for if a
building expresses its construction truthfully, it

will surely have the appearance of stability and
repose, which are two of the great essentials in
design.

But architecture is only just emerging from a
period of transition in construction.  Steel and
reinforced concrete construction have developed
rapidly, but those architectural forms which
have grown out of brick and stone construction
are not given up without reluctance.

Perhaps this is natural, since traditional
forms have, through long usage, acquired certain
characteristics which are used to give expression
to architecture. If the programme appears to

THE WoOrSKELEY BUILDING, PiccaninLy
(. Curtis Green, F.R.1.B. A.. Architect)

Ira. 5.

call for expression in one of the historic styles,
inspiration may be drawn from that source
without hesitation, but in spirit as well as in
detail.  Fig. 5 illustrates the use of classic motifs
in a steel-frame building, in which all of the
clements  proclaim  their structural function
faithfully. It is also interesting to note that
although the proportions of the upper windows
are contrary to those usually associated with
classic architecture, they are lost in the more
pronounced proportions of the openings between
the columns.

But with modern methods, proportions and
shapes are possible (and even desirable under
modern conditions) which are contradictory to
those which appear rational in the use of stone,
as with the stone lintel in Fig. 6. They must
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not be ignored, for in the mind of the beholder
is the knowledge of the great strength of the
hidden skeleton of steel; and since it is an
essential requirement of the programme that
the shop front shall provide a wide unobstructed
space for display, then the result is the truthful
expression both of the purpose and the con-
struction.

FiG. 6. A Srop FronT

Unity. Beauty in architecture depends largely
upon unily of form. The various clements that
go to make up a building must be so related as
to produce a unified composition. There must
be no hesitation or competition between the
clements, the most important of which must
always be in the right place, and be given its
proper degree of promincence.

To cxpress unity, a building must give the
impression of completeness, a quality which is
cssential for the expression of stability. The
study of the architecture of the past shows that
all buildings were given a base upon which to

iy

T16. 7. A TacaDE DEFINED BY QUOINS,
CORNICE AND PLINTH

stand, a middle or containing part, and a roof
or protective crowning feature, such as a cor-
nice, while in a horizontad direction, additional
support or protection was provided at the angles.
For example, to buttress the end bays of an
arcade, or the use of ashlar quoins to a rubble
wall.

Regardless of any hidden construction which
may render such treatment unnecessary to the
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actual stability of the structure, the artistic
sense will require these refinements, both for the
expression of stability and of completeness.  In
the absence of a generally understood term, this
may be called “ definition.”

It is scen in IFig. 7 that the component parts
of the fagade are unified by the use of the
crowning cornice and the rusticated quoins,
which properly punctuate the building, announe-
ing definitely its completion,

Symmetry. An expression of unity will result
from a regular or geometrical disposition of the
clements on either side of a centre line ; this is
called symmetry.

Symmetry is highly desirable, but it must b
intelligent ; it must not be sought if the pro-
gramme requires clements of dissimilar shape
and size, which cannot be grouped into equal
masses without destroying their proper func-
tional sequence. Tiesuch cases, an assvimmelrical
composition will provide the proper solution of
the problem. This does not imply the entire
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absence of a focal point or of balance in the
various parts, but, as will be scen in Fig. 8, a
composition of uncqual masses, with the centre
of interest on the axis of the main mass,

The reverse of the symmetrical is the pictur-
esque. Truly picturesque schemes are usually
the result of accident or time.  They are rarely
successful if intentional, but rather result from
the simple straightforward solution of some
problems.

Harmony. Finally, the expression of unity
must be maintained by a consistency of stylistic
treatment throughout the composition, with a
harmony of proportion and scale in all features.

But harmony must not be confused with
monotony. It must result from the proper
proportioning of contrast of shape, size, texture ;
verticality and horizontality ; light and shade ;
solids and voids ; plain and decorated surfaces.
The proportions must never be hesitating ; one
must always clearly dominate, with the other
acting as foil. There must always be sufficient
variety to bring interest, but care must be taken



ARCHITECTURAL DESIGN 65

to avoid too many contrasts, for they will break
up a composition, or defeat their purpose by
being monotonous. ’

St. Paul’s Cathedral illustrates how a dome
may dominate a composition, largely by virtue
of the contrast of its shape with the rest of the
building ;  but in St. Mark’s, Venice, the oft-
repeated dome brings a restlessness into the
composition,

Again, in varicty of texture or material,
sudden or frequent changes must be avoided,
The study of the brick and stone work of Wren
at Hampton Court and clsewhere will show how
logical is his use of material: the stone bases
and cornices linked up by the use of stone quoins,
and dressings to windows in the intermediate
parts.

For the treatment of voids and solids, the
finest works of the Gothic and Italian Renais-
sance periods are a valuable source of study.

Hotooaon
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F16. 9. THE ABSENCE or DEFINITION AND INTEREST

There should usually be a decisive predomin-
ance of onc or the other.  In the diagram (Fig. o)
a fagade, with equal divisions of void and solid,
shows how dull & composition may be through
the regular arrangement of openings in walls ;
this diagram illustrates also the feeling of incom-
pleteness and lack of stability through absence
of *“ definition.”

Light and shade are related to voids, but
result chiefly from the modelling of wall sur-
faces.  The positions of the main shadows must
always be very carcfully considered, since they
will break a fagade up into a number of separate
clements which must then be resolved into
unity. It will be logical to express the plan
with breaks in the elevation, and then, if the
parts of the plan are properly proportioned, the
resultant fagade will be right.

The most important features should always
have the strongest shadows. It will be seen in
l'ig. 10 that the pilasters have only little projec-
tion, but the entrance, being the focal point, is
decply recessed.

Ornament. The considerations of ornament
are far-reaching.  So many of the once structural
clements are now used as decorative motifs, that
almost all of the features, except walls and
openings, might reasonably be considered orna-
mental,

It is always reasonable, however, to use
features which have decorative value, so long
as they are properly placed, and serve some
definite purpose in the composition.

Decorative panels under windows may en-
hance their proportions ; a carved keystone will
give emphasis to an important door opening ;
or a series of decorative elements between the
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windows of the upper story of a tall building
will give a depth to the crowning member
proportionate to the height of the building.

Existing architecture will show countless
examples of ornament, but care must always be
taken that decoration does not destroy the
apparent structural function of a feature.

Essentials of Design. These remarks have
only touched upon the fringe of architectural
beauty. The student must increase his know-
ledge by study. The constant critical analysis
of buildings, or photographs of buildings, is the
only way to acquire the ability to create fine
architecture.

The essentials of good design may be sum-
marized as—

1. Faithful adherence to the programme and
its attendant requirements.
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2. Faithful expression of the programme.

3. Stability, both real and apparent.
® 4. Beauty, resulting not from astonishment
at mere size or ingenuity, but from the happy
infusion of interest and variety into the clements
of a composition, always unificd by harmony
and proportion into a single idea.

The Three Sections of Design. To crystallize
design into elements capable of practical applica-
tion, it is necessary to consider the subject in
three sections.

First, the study of the elements of architecture,
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such as walls, doors, windows, and the orders,
ete., not merely as archacological research, but
as an analysis of their origin and subsequent
development as functional clements in design.

Secondly, the study of the clements of composi-
tion, such as fagades, rooms, communications,
porticos, ete., and the principles governing their
composition into the plan, which is usually the
fundamental element in design.

Finally, the study of the requirements of the
various types of buildings required by our
modern civilization.

PRELIMINARY OPERATIONS

(Conlinned from page b1)

hoarding for bankers, cte., and a few hundred
linear feet of 3in. < zin. and 4in. >~ 2in. hr
for general purposes.

The plant described in this lesson represents
the general things required for preliminary

the cost of plant to cach job, and the following
1s 4 good method: A plant account book is kept
showing all expenditures on plant ; then a plant
stock book will show all movements and the
purchase price debited to cach job.  Upon the

Navvy Barrow with WoobeN WHEEL

I'1G. 19,

operations ; the requirements for various trades
such as bricklaying, masonry, carpentry, paint-
ing, ctc., are in the nature of tools and imple-
ments, and cannot be dealt with in this section.

Records of Plant should’be very carefully kept
so that (a) its quantity and condition may be
checked and stock taken periodically ; (b) its
movements from job to job, etc., may be
recorded ; and (c) a proper proportion of its
value can be allocated to each job.

Builders adopt various methods of allocating

NAvvy BaArRrow with [RON WHEEL

return of the plant to the yard, or transfer to
another job, a credit of 75 per cent of purchase
price is given to the cost of the job from whence
the plant came. [If plant has been misused a
cost 1s debited to the job. The percentages
shown will only give an approximate value of
“use and waste,” and may cventually show a
profit or loss in the plant account, which would
be adjusted periodically. The method outlined
has the advantage of tending to prevent a fore-
man over-ordering or carclessly using plant,



STRUCTURAL ENGINEERING 67

STRUCTURAI ENGINEERING

By W. ArnorLp Grern, M.A., B.Sc,, ADMLINST.CIE, M.1LStRUCT. L.

LESSON 1
FORCES ACTING ON A
STRUCTURE

Scope of Section. Although the term ** Struc-
tural Engincering ™ is applicable cqually to the
building of a sand castle, an Egyptian pyramid,
a IForth bridge, an Eiffel tower, and a wasps’
nest, it is proposed in this scction to deal with
only a small part of what is commonly known
as ““ building construction ”; the principles,
however, underlying the right use of materials
in making a safe structure are the same whatever
the structure and whatever the materials used.

Structures designed to deal with mass in
motion are in the province of the mechanical
cngineer, and though it is impossible to draw a
hard and fast linc between structural and
mechanical engineering, this section will he
mainly concerned with statics, which may be
defined as * that branch of dynamics which
treats of the properties and relations of forces
in equilibrium, the body upon which they act
being at rest.”

The structures herein dealt with have as their
object the carrying of loads, which are cither
stationary or may be regarded as such for
purposes of design.

EQUILIBRIUM OF A STRUCTURE

Conditions to be Satisfied. At all points in
such structures there must be equilibrium, i.c. a
complete balance of forces, as otherwise there
“would be movement. This balance must be
maintained for the structure as a whole as well
as for the individual parts. Thus the sum of
the loads on and of the structure must exactly
cqual the sum of the reactions from the supports
to the structure. This will cnsure that there
will be no movement of position ; but to ensure
also that there will be no movement of rotation
a further condition must be satisfied.  This
condition may be expressed as follows: the
tendency of the loads on and of a structure to
cause rotation about any point must be exactly
balanced by the tendency of the reactions from
the supports to the structure, to cause an equal
rotation about the same point in the opposite
direction.

"It should be noted that the term * support
may be regarded as relative. Any point of a
structure may be regarded as the support to
the adjacent portion, and the above-mentioned
conditions of equilibrium must be satisfied.

Forces Acting on a Beam. To illustrate by
an example, consider a beam of length [ and
weight @ per unit length, supported at two
points R and R,, and carrying two point loads
of known weight W, and 1, in the position
shown in Fig. 1.

<« e B2 - W @y — W,
2 R

- .. l"d/ >

e Y 2 -

FiG. 1

[t should be remarked that in practice there
must be an appreciable bearing width both for
the loads and the reactions, but at the moment,
for simplicity, thev are considered as acting at
points.

The total weight of the beam, i.e. the weight
of the structure itself, equals w x I. The total
load on the structure equals W, ++ W, The
total reaction from the supports to the structure
is the sum of the reactions from points R, and
R,, which may be similarly termed R, and R,
respectively.

As the sum of the loads of and on the structure
must equal the sum of the reactions from the
supports to the structure, therefore—-

w. Wy - Wy= Ry | R, (1)

Moments of Forces. The moment of a foree
about a point, or the tendency of the force to
cause rotation about that point, is proportional
both to the force and its lever arm, i.e. the
distance of the line of action of the force from
the point.

The moment of a force about a point is thus
expressed as the product of the amount of the
Sorce and the lever arm.

Thus the moment of IV, about R, cquals
I, .1, and the moment of 1V, about the same
point equals W, . a,.
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The lever arm of the weight of the structure
itself is the distance of its centre of gravity
from R,. The moment of the weight of the
structure itself about R, is therefore-

w - |« Lowk
> P

These moments tend to produce clockwise
rotation about R,. The resisting counter-clock-
wise rotation about R,, due to the reactions R,
and Ry, equals R,.(I-a)) + R,. 0 = Ry.(I -a,).
Equating the clockwise moment to the counter-
clockwise moment-—

Wel b Wy iuy = = Ryl ) (2)
from which the unknown reaction &) is immedi-

ately dedncible, and hence R, from (1).

A
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The left-hand side of (2) may be written
(Wi + Wy |- w.l) . a,, where ayis the distance
from R, of the centre of gravity of the weights

on and of the structure.  Thus—-
Wy b Wyt wily ay =Ry (- &)
or
(By | Ry) ay = Ry (L ay) (3)

If ay is less than [ —-ay, R, is obviously less
than R, -|' R,, so that R, will be of the same
sign as Ry, i.c. both reactions are upward.

If a, is greater than / -«a,, owing to the
relatively great weight of 1V}, then R; will be
greater than R, 4+ R,, and R, will be of the
opposite sign to Ry, i.e. it will act in the opposite
direction to R;, and serve as an anchorage to
prevent the beam rotating in a clockwise direc-
tion about R,.

The same results could have been deduced
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by taking rotation moments about any other
point, but by choosing a reaction point as the
assumed centre of rotation (or fulerum) the
value of that reaction is climinated from the
resulting equation of moments.

Balancing or Resisting Moment. Consider now
the cantilever portion of Fig. 1. Fig. 2 shows a
“close up " of the end of this at R;, and repre-
sents an imaginary vertical section through the
cantilever just above R;.

The forces acting on the overhanging portion,
to the right of the scction. are Wy, a distance a,
away and the weight of the beam w.a,, acting at
its centre of gravity a distance a, - 2 from the
section.

The support for this overhanging portion is
the vertical face of the remaining beam, to the
left of the imaginary section.  This vertical face
must provide a vertical reaction R equally
Wi+ w.a,. It must also provide reactions to
produce a counter-clockwise moment balancing

S
the clockwise moment (W, . a, |- " ;{'-'-—), due to
the load on and of the structure.

A horizontal pull on the top portion of the
section, and a horizontal push on the bottom
portion, will produce this balancing moment.

As there is no horizontal force acting on the
cantilever, the pull and push must be equal.  If
this pull and push is denoted by P, and the
distance between their centres of action as «,
Wz

2

The method of determining I? and a will be
discussed later.

A further and important condition that must
be satisfied, if moment towards the ground is to
be avoided, is that all members composing the
structure, and the joints connecting them, must
be adequate for all loads coming on them.

EXERCISE 1

oM, i g 1, L= 2010t e = 5 0L, ey - 0L,
W, = 10 tons, W, = 3 tons, and w = 1 cwt,, find R,
and I?,.

2. What value of W, will make R, = O ?

3. What is the moment to be resisted at R, ?

then Poa - Wi, -
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SUPERINTENDENCE

By P. J. LuxTtoNn
Member of the Incorporated Clerks of Works Association

PART 11
ENGAGING A CLERK OF WORKS

THE clerk of works who supervises the erection
of new buildings is the one most frequently met
with, and the circumstances connected with his
appointment will be explained first.  Almost
invariably he is employed to act under the
instructions of an architect or engineer, usually
the former, except in the case of local authority
work, where he may be under the control of
the chief technical officer, variously described
as the city or borough engineer, or surveyor.

It is important that he should remember that
all his instructions come from his technical
chief, and not from his employer. When he
is employed under a local authority, there
may be a tendency on the part of members of
the authority to interfere with the conduct of
his work, and to act on the assumption that
they have a right to give instructions. The
clerk of works should courteously inform them,
when such circumstances arise, that he will
bring the matter to the notice of the architect,
or, if the the point raised is clearly covered by
the contract, he can explain the position. It
is very easy indeed for a layman to jump at
entirely wrong conclusions when building work
is in an unfinished condition.

In one instance a member of a committce
sent a letter to the architect complaining that
very rough wood was being used for door jambs,
mahogany being specified.  The latter wrote
to the clerk of works, enclosing the letter, and
asked him what he meant by doing that sort
of thing. On investigation being made, it was
found that what had been taken for finished
jambs was some rough deal casing attached
to them for protection, while the plastering and
other work was going on.

Why a Clerk of Works is Appointed. The
clerk of works is at the disposal of an architect
on jobs where constant supervision is required.
This is not part of the architect’s duties, and
obviously, in the case of a man with a large
practice, is impossible. The
Engagement, under which a member of the Royal

Conditions of

Institute of British Architects is employed,
includes the following paragraph:--

That in all cases in which constant superintendence
is required, a clerk of works shall be employed for this
purpose. Ile shall be nominated and approved by the
architect, and appointed and paid by the client. He
shall be under the architect’s direction and control,
but the architect shall not be held responsible for any
fraud or negligence on the part of the clerk of works.

Method of Engagement. When the whole of
the preparatory work has been completed, the
con'ract signed, or nearing that stage, and the
clicnt has decided to engage a clerk of works,
the architect sets out to find his man. He may
advertise in the technical journals, inquire of
other architects or surveyors, or what is fre-
quently done, apply to the secretary of a society
such as the Incorporated Clerks of Works Asso-
ciation. On the other hand, he may have a
waiting list, or the addresses of men previously
engaged, whose services he would like to again
obtain. The probability is that there will be
several applications, even hundreds, for well
advertised jobs, and a choice has to be made.

What guides this choice ? Many things ;
age, length of experience in superintending
works both as clerk of works and foreman, the
nature of the experience—whether on similar
works to the once contemplated—trade (if any).
quality and source of references, technical
qualifications such as examination certificates,
salary required, and inferences drawn from the
phrasing and writing of the application.  When
the batch of applications has been reduced to a
few by applying thesc tests, interviews are re-
quested, and a choice is finally made.

The architect himself may make the choice,
and obtain his client’s approval, but in public
authority work it is donc¢ by a committee,
perhaps a few men allotted the task because of
their special knowledge, perhaps the whole
council. An applicant must be prepared to
face a roomful of councillors, but not many will
ask him any questions which matter, probably
the architect and the chairman only. The final
selection is made by voting, and that is where
the dumb councillors come in. The impression
left by the appearance and answers of the can-
didates decides their votes.
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JOINERY

By T. CorkHuiLL, F.B.I.C.C., M.I.STRUCT.E., Double Medallist

LESSON 1I
METAL PLANES

NEARLY every form of wooden plane has its
duplicate in metal, but they are not all popular
with the joiner. The jack and try planes are
not so satisfactory as the wooden types; but
most joiners include an iron smoothing plane in
their kit, and one or more of the smaller types of
planes.  The planes are made in various metals,
including cast iron, malleable iron, cast steel,
and gun-metal.  Cast-iron planes are cheap,
but should be avoided because they are easily
broken.

Smoothing Planes. The Stanley smoothing
plane shown in Fig. 18 should be of the ** bed-
rock 7 type, otherwise it is apt to chatter on
hardwood, knots, ctc. It is a very useful plane
because the irons are easily adjusted.  Unfortu-
nately, it is casily broken, but with care is a very
serviceable plane.  The sole must be kept clean,
and occasionally smeared with oil to ease the
friction, which is greater than with the wooden
soles.  The irons are fixed by the cap ¢ which is
adjusted by the lever L. The lever a adjusts the
irons sideways, and the milled nut b adjusts for
thickness of shaving.

The English pattern of smoothing plane is
shown in Fig. 19. This is a strong and service-
able plane, but is not adjustable except as an
ordinary plane. The irons are fixed by the
lever I by means of the screw s. It is the best
planc for hardwoods and across the grain because
of its rigidity. The mahogany handle / is con-
tinued to form the bed for the irons. Some
forms of metal plancs have corrugated soles to
case the friction ; theoretically these are good,
but in practice the corrugations are apt to clog,
especially on resinous timbers. — All these planes
produce a straight and highly finished surface.

Block Planes. Fig. 20 shows a useful type of
block plane, especially for fitting mitres and
other small work. The blade b is held by the
cap ¢, which is fixed by the lever /, and adjusted
by the milled nut @. The throat is adjusted by
the lever ¢, This type of plane has no back
iron, but the cutting edge is supported by turn-
ing the iron over so that the bed is carried up to

the cutting edge. The bed is also very flat
where a single iron is used, that is, the angle
between the sole and the iron is very small.

Some types of block planes have the iron
closc up to the nose of the plane for working
into corners; these are often called chariot
planes.  Sometimes the type shown in Fig. 20
lias a removable front for the same purpose.

Bullnose Planes. This is a similar type to
the block-plane, but it is arranged as a rebate
planc. Fig. 21 shows a useful type. The
blade is held by the cap ¢, which is fixed by the
milled nut b, and it is adjusted by the nut a. It
is an indispensable plane for working into
corners, especially in hardwoods.

Compass Plane. IYig. 22 shows a very uscful
plane for circular work. The sole s is adjusted
by the screw a for either concave or convex
surfaces.  The principle of the plane irons is the
same as for the Stanley smooth plane.  The
quickness of adjusting both the irons and the
curvature has given this plane first place,
although the *“ old-time ' joiners still stick to
the wooden type, which, generally speaking, is
now obsolete.  For *““ flat ™ concave work, how-
ever, 1t is a common practice to plant an auxili-
ary sole on an ordinary smoothing plane, the
false sole being shaped to the required curvature.

Shoulder Plane. This rebate plane, shown in
Fig. 23, is excellent for planing across the grain,
such as the shoulders of rails, and for ordinary
rebates in hardwoods. It is a perfect plane for
this class of work owing to its rigidity and close
mouth. :

Side-rebate Planes. Iiig. 24 shows the usual
type of side-rebate plane.  They are uscful for
cleaning up the sides of plough grooves, ctc.,
where no other tool is applicable. They are
sold in pairs, right and left hand, but usually
the joiner is contented with a right-hand planc
only. The front fis removable for working up
into corners. The blade & is held in position by
the cap ¢, which is fixed by the thumb screw s.

Chamfer Planes. These planes are not a
necessary part of the equipment but they are
very uscful where machines arc not available.
Fig. 25 shows the usual type, but they may be
obtained in wood ; in fact, many joiners make
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their own. The metal plane is supplied with
two fronts so that f may be substituted for F
when required for stop chamfers.

Router. Fig. 26 shows the metal form of Old
\WWoman’s Tooth. The nut a adjusts the cutter
for depth and the milled nut s fixes the cutter.

28, METAL SPOKESHAVE

16,

Scraper Planes. The scraper plane, Fig. 27,
is seldom used by the joiner unless he is con-
stantly working on hardwood ; but it is a com-
mon plane for the cabinet maker. The joiner
uses the hand scraper, which is explained later.
The scraper s may be substituted by a toothing
iron and used for preparing the surface for
veneering, to give a key for the glue. This
blade is grooved on the back so that when it is
ground, the cutting edge is serrated like saw
teeth.

Spokeshaves. The iron spokeshave shown in
Fig. 28 is an improvement on the wooden type,
because of the adjustable cutter and mouth-
picce.  The cutter can also be sharpened on an
oilstone like an ordinary plane iron; but it is
usual to fix it in a slot in a wooden holder for
convenient handling.

Circular Router. The circular quirk router
shown in Fig. 29 is indispensable for working

CIRCULAR ROUTER

Fra. z2q.
mouldings by hand on circular work. It is
supplied with three thicknesses of blades, which
arc adjusted by the milled nut. The thumb-
screw fixes the blade in position. Three differ-
ent fences are supplied for straight and curved
work of different radii.

Stanley Universal Plane. This planc is an
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ingenious contrivance to take the place of the
many moulding planes used by the ol(l_-'
time "' joiner. [t is often called the 557
plane because it is supplied with that number of
cutters. The difficulty of this plane lics in the
setting up for the various operations, but it is
useful for small jobs when it is not worth while
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F16. 31. UNIVERSAL PLANE IN Usg

setting up the machines. The expense, how-
ever, makes it more of a shop tool than an
individual tool. Almost any moulding may be
strick by this plane because blank cutters may
be obtained and cut to any required shape.

A general view of the plane surrounded by the
cutters is shown in Tig. 30, and in Fig. 31 the
planc is sef up for moulding an architrave.
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LESSON 11

CLASSIFICATION AND CHARACTERISTICS
OF STONES

Classification.  Building stones are classiticd

in a general way under the heading of igneous,

aqueous, and metamor phic rocks.

Igneous Rocks. These are formed by fusion
below the carth’s surface.

Aqueous Rocks. All sedimentary stones, in-
cluding sandstones and limestones, come under
this heading.  They are formed in deposits by
the agency of water or winds, and are known as
stratified rocks.

Metamorphic Rocks. These may be either of
the above when changed in formation by heat
and pressure. Marbles and slates come under
this heading.

GRANITES

Characteristics. Granites are igneous rocks
made up of granular particles, the latter being
crystalline, and usually composed of quartz,
{elspar and mica.

Quartz. The durability depends largely upon
the amount of quartz and its combination
with other minerals, quartz being practically
indestructible.  Quartz, sand, and the chemical
name stfice may be said to be interchangeable
terms.,

Felspar is the most casily distinguished
mineral and its colour varies considerably.  The
pink felspar is known as orthoclase, and is a
potash felspar ; this constituent is very - harac-
teristic in granite.  Sometimes the white soda
or lime felspar known as plagioclase is found.
Felspars are commonly found with about equal
quantilies of quartz.

Granite is an igneous rock that has never
flowed out over the earth's surface as lava, but
became consolidated at a great depth under
extreme pressure.

Mica is of two kinds: muscovite, which is
potash mica (light) ; and biotite, which is a dark
brown, iron and other substances being present.
The light micas are more stable.

The proportions of mica should be small
compared with quariz and felspar. Hornblende

and augife sometimes ocenr and take the place
of mica ; the stone is then known as a syenife.

Iron pyrites produce oxidation and hydration
cither in the form of local spots, or as a uniform
tinge of brown, and should always be looked
upon as a fault.

The characteristics of a good granite are :
fineness of gain, the disposition of the various
minerals forming the mass, and the high per-
centage of quartz present.

"1 Cornish granite the felspars often look like
flakes of falling snow, this appearance being
caused by their flat surfaces lving in planes.

VARIETIES OF (GRANITES

Those from Devon and Cornwall are chietly
coarse-grained, having large crystals of felspar
distributed throughout.  The granite from Pen-
rvn district is bluish grey in colour, and com-
posed of felspar, quartz, and mica, the mica
being usually of mixed colours, black and white.
The Penzance district provides a good granite,
the colour of which is greenish grey. The
Delank granite is of coarse grain and has a high
pereentage of quartz. Tt is a splendid weather-
ing stone of a deep bluish grey colour, and is
excellent for all types of building, ¢ngineering,
and monumental purposes.

Scotch Granites. \berdeen provides the most
important granites, being light blue or grey, to
pink or red. The Pelerhead granite is pink or
red.  Rubislaw granite is Dbluish grey. The
Sclattie granile is grey, has a fine texture, and is
a splendid weathering stone. The  Aberdeen
granites are, gencrally speaking, frue granites
composed of quartz, felspar, and mica.  Horn-
blende is sometimes found in place of, or in
addition to the mica.  These granites are largely
supplied for monumental and building purposes.
They take a very high polish.

Syenites arc quarried in North Wales, Malvern,
Hills, Leicestershire, and the Channel Islands.

SANDSTONES
Characteristics. Sandstones are formed by
the disruption of pre-existing rocks due to the
action of winds or moving water, the particles
being deposited in beds, or strata. The chief
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constituents are the original quartz crystals (or
grains) and the cement that binds them to-
gether. The quality of the sandstone depends
upon the cementing material.  The presence of
an inferior cementing material is the chief cause
of disintegration upon the exposed surfaces.
The cementing materials are numerous, and
may be silica, clay, iron oxides, calcite, or
dolomite. Usually there is a combination of
these substances, but one kind predominates.
Sometimes the grains, or quartz crystals, are
consolidated by heat and pressure as in quarizite.
Sandstones vary from fine grain to coarse grit
stone. The colour depending chiefly upon the
cementing material.  Red, brown, and yellow,
are due to oxide of iron.  White owes its colour
to the combination of clear quartz with white
argillaccous or clay-containing matter free from
iron stains.

If the stone contains a high percentage of
mica distributed along the planes of bedding it
is known as a micaceons sandstone.  Great care
should be exercised in placing sandstones in
the building so that the laminae are horizontal.
There are exceptions to this rule, as will be
explained later.

Varieties. The following is a list of a few of
the best known building stones, and will, no
doubt, be of interest to the student and young
craftsman.

Forest of Dean : Gloucestershire. Obtainced in
two colours, grey and blue. The “ Grey Bed ”
is medium-grained slightly micaccous sandstone.
The ** Blue Bed 7 is a compact hard sandstone.
Both are excellent stones for all building,
engineering, and monumental purposes. They
are excecllent stones where strength combined
with durability is required.

Grey Bed @ weight 149 1b. per cub. ft.
Crushing strength 509 tons per sq. ft.
Blue Bed : weight 151-4 1b. per cub. ft.
Crushing strength 631 tons per sq. {t.

Red Wilderness : Mitcheldean, Gloucestershire.
A stone of fine texture and suitable for all classes
of external and internal work.

Crushing strength 695 tons per sq. ft.

Bristol Pennant Stone: Gloucestershire. A
very hard fine-grained sandstone. Blue in
colour. An excecedingly good stone for all
engincering purposes owing to its exceptional
strength. Its hardness makes it suitable for
steps, landings, etc., as they do not become
slippery by wear.

Weight 172 1b. per cub. ft.
Crushing strength 1,001 tons per sq. ft.

Darley Dale : Derbyshire. Known as “ Stan-
cliffe stone.” Colour is light drab to yellowish
white ; compact close-grained and micaceons
sandstone ; cminently suitable for all building
and engineering work. Blocks of any reason-
able size can be obtained.

Weight 148 Ib. per cub. ft.
Crushing strength 670 tons per sq. ft.

Howley Park: Yorkshire. Light brown fine-
grained stone suitable for general building work,
landings, copings, ctc.

Weight 140-3 Ib. per cub. ft.
Crushing strength 466-7 tons per sq. ft.

Robin Hood: Yorkshire. Bluish grey, fine-
grained ; suitable for all general building work,
copings, ctc.

Weight 145 Ib. per cub. ft.
Crushing strength 574 tons per sq. ft.

LIMESTONES

Characteristics. The chief characteristic of
limestones is the presence of a large proportion
of carbonate of lime.  They were formed chiefly
by the accumulation of shells or  calcarcous
skeletons of marine or fresh water organisms,
which were deposited as sediment in the waters
of scas or lakes. The common or chalk lime-
stones arc more suited for the production of
lime. The Oolitic limestones are of marine
origin ; they are composed chicfly of carbonate
of lime, with other substances, such as car-
bonate of magnesia, silica, alumina, and iron.
The oolite resembles the roe of a fish, and results
from the accumulation of carbonate of lime
around the small nuclet of fragmentary shells or
grains of mud or sand. They are spherical or
oval shape, and can casily be seen with the naked
eye. They vary in hardness and texture ;. some
are fairly fine, others coarse and porous.

All limestones are soft when first quarried,
but harden on exposure to the atmosphere.

The stone should be uniform in colour through-
out in the case of both sandstones and lime-
stones.

Varieties. The following are a few of the lime-
stones in general use for building purposes.

Ancaster: Lincolnshire. Colour is cream to
buff ; texture varies from a finc-grained oolite
to coarse and shelly, the latter being called
“Rag ” or “ Weather Bed ' ; partly crystalline
and of good weathering qualities.  Used con-
siderably in church work.

Weight 1353 Ib. per cub. ft.
Crushing strength 218-6 tons per sq. {t.
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Bath Stones. These include a series of volitic
stones quarried or mined in the vicinity of Bath,
and are excellent for all styles of architecture.
They average cream to buff colour and are soft
and casily worked.  1f well selected and placed
upon their natural bed they weather well. There
are old buildings in London constructed of this
stone still in a splendid state, the stone showing
very little signs of disintegration ; while close at
hand Portland stone buildings are showing
distinctly the effects of the London atmosphere,
although built considerably later.  The follow-
ing belong to the Bath series

St. Aldhelm : Box Ground. A\ good stone and
most suitable for cornices, strings and sills, and
projecting members.  Bedding planes show dis-
tinctly.

Weight 129 1b. per cub. ft.
Crushing strength 107 tons per sq. ft.

Corsham Down. Iine grained, suitable for
ashlars and facing stones in conjunction with
Box Grgund and for interior church work.

»
Weight 12911 per cub. {t.
Crushing strength 128 tons per sq. ft.

Combe Down. Quite a good weather-resisting
stone if well selected ; fairly fine-grained and
suitable for all positions as *“ Corsham Down.”’

Weight 128 1b. per cub, ft.
Crushing strength 151 tons per sq. ft.

Farleigh Down. Very soft and suitable for
interior work ; does not weather well if used for
exterior work.

Weight 120 1b. per cub. ft.
Crushing strength 62 tons per sq. ft.

Monk’s Park. Splendid stone for all kinds of
extertor and interior work ; colour is cream, but
dries almost white ; it is close-grained, and
weathers exceedingly well in town atmospheres
if well selected. Undoubtedly the best of the
Bath series for all general building work.

Weight 137 1b. per cub. ft.
Crushing strength 223+5 tons per sq. ft.

Hartham Park. Bedding planes more or less
distinct ; suitable for exterior and interior work.

Crushing strength 123-5 tons per sq. ft.

Beer Stone: Near Seaton, Devon. Of the
chalk series ; whitish colour; soft. The free-
stone consists of beds which lic at the junction

of the chalk and the green sand.  Made up of
minute fragments of shells, close-grained.  Suit-
able for internal work and lends itself to rich
moulding, carvings, cte.

Weight 131-7 1b. per cub. {t.
Crushing strength 1512 tons per sq. {t.

Chilmark : Wiltshire. Upper oolite ; colour,
yellowish brown ; siliciferous limestone.

Weight 135 1b. per cub. ft.
Crushing strength 136-0 tons per sq. ft.

Ham Hill: Somersetshire. Ycllow and grey
beds 5 composed of fragmentary shells and high
percentage of iron.  Bedding planes very dis-
tinct ;  hard, coarse-grained stone. A stone
splendidly adaptable for panels as a contrast
in colour to the surrounding stones, but not
suitable for exposed positions.

Yellow Bed @ weight 136 1h. per cub. ft.
Crushing strength 207 tons per sq. ft.
Grey Bed : weight 141-6 1b. per cub. ft.
Crushing strength 259 tons per sq. ft.

Ketton Stone: Rutlandshire. KEven texture
cream colour to yellowish brown ; fairly soft to
work when fresh, but hardens on exposure.
Quite a good stone for all external purposes.

Weight 150-7 1b. per cub. ft.

Hopton Wood: Derbyshire. Carboniferous
limestone.  Can be obtained in three colours,
light, grey, dark. Takes a good polish ;  suit-
able for monumental and decorative purposes.
It is a good stone and its weathering propertics
are excellent.

Weight 158 1b. per cub. ft

Portland Stone: Dorsetshire. Oolitic lime-
stone.  Generally speaking there are three beds
of stone, Roach Bed, Whitbed, and Best Bed
(Base Bed).

The Roach is chiefly suitable for marine con-
struction, although it has been used occasion-
ally for building purposces.

The Wintbed 15 a hard, fairly tme-grained
stone, cream to light brown, but whitens when
dry. Acknowledged to be one of the finest
weathering limestones on the market.  Suitable
for all external purposcs.

Best, or Base, Bed is a finc even-grained stone.
White in colour ; suitable for fine enrichments
and carvings, internal and external work.

Weight 137:0 Ib. per cub. ft.
Crushing strength 287 tons per sq. {t,
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Daulting: Somersetshire. Iine beds, light
brown to crcam or grey, uniform in texture ;
fairly soft but hardens on exposure.  Most suit-
able for internal work. The Chelynch Bed is a
good stone for external dressings, etc.
Weight 125 1b. per cub. {t.
Crushing strength 103 tons per sq. It.
Kentish Rag is a hard siliceous limestone con-
taining a high percentage of silica.

Weight 166-6 Ib. per cub. ft.

MAGNESIUM LIMESTONES

Magnesium limestones are those containing an
appreciable amount of carbonate of magnesium
and calctum carbonate.  They are usually termed
dolomites, and vary in colour from white and
cream to yellowish brown.

Anston: Yorkshire. Warm yellow colour ;
suitable for exterior dressings if carefully
selected.

Weight 134 Ib. per cub. ft.
Crushing strength 833 tons per sq. it.

Mansfield Woodhouse: Nottinghamshire.
Warm yecllow brown colour ; suitable for in-
ternal and external dressings, etc.; weathers
well.

Weight 145 Ib. per cub. ft.
Crushing strength 577 tons per sq. ft.

Bolsover Moor: Derbyshire. Similar to the
above. A fairly good stone for external pur-
poses, but only small blocks are obtainable.

Roche Abbey: Yorkshire. Pale grey in
colour ; suitable for dressings and carvings, etc.

Weight 139 1b. per cub. ft.
Crushing strength 250 tons per sq. it

BEDDING AND SEASONING

Natural Bed, or Planes of Cleavage. All
stratified rocks, which include sandstone and
limestones, are deposited in layers, and thus
have more or less distinet planes of cleavage.
In most sandstones the planes are casily discern-
ible, but in some limestones it requires an
intimate knowledge of the particular stone to
ascertain in which direction the planes run. It
Is very important that the ends of the laminac
should be exposed to the surface, when the stones
arc placed in the building. It is often suggested
that cornices and overhanging courses of stone-
work should be placed joint bedded to prevent
the drip caused by the throating falling off ; but
with the exception of distinctly laminated
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stones, such as Ham Hill stone, it is preferable
to select the stones for these courses and place
them in the building with the planes of cleavage
horizontal or at right angles to the pressure.
Arch stones, cte,, should have their planes
parallel to the centre line of the individual stone,
or voussoir, and at right angles to the face of the
arch, or as nearly as possible square to the
direction of the thrust.

[t is very important to study the bedding of
most stones, the life of the stone depending to
great extent upon the mason rigidly adhering to
this principle in the selection of cach individual
stone. [t is not so important in the selection of
Portland stone, in which it is very difficult even
to the trained cye to state which way the planes
run, except where shells are visible, and then in
some instances one has to be very cautious in
coming to a decision.  Stones, such as columns,
cte., for receiving weight, should be specially
selected, and should always be placed with
their beds horizontal.

Most stones before they are removed from the
quarry have a distinct indication marked ones
them, or cut in, by the quarryman, for the
guidance of the masson. In soft stones such as
Bath stonc a kerf 1s drawn through the block at
right angles to the natural bed with the axe,
and in other stones the numbering of the block
15 placed parallel with the nalural bed, or an
arrow is painted on the block indicating the bed.

Seasoning. Most building stones, including
granite, undergo a process of hardening upon
exposure. They contain moisture, or guarry
sap, which evaporates upon being drawn to the
surface of the rock. Stones are more readily
worked when freshly quarried, especially granite
and the harder stones, but the softer stones such
as Bath stone are best worked after being
stacked for some months.  The face of the stone
hardens by evaporation of the sap, and if this
face is removed by re-working, a weakness is
caused, and the stone will not weather so well,
After all labours have been finished on the
stones, the clean surfaces should be slurried
with stone dust and a small percentage of plaster,
thus protecting all exposed surfaces and pre-
venting a face forming.

Stones should be selected to suit the particular
work for which they are required. The weight
or density of the material must be taken into
account. Dense stones must be used for but-
tresses, engineering work, etc., but for vaulting
and internal decoration light stones are prefer-
able, except where polished surfaces are required.
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SPECIFICATIONS AND QUANTITIES

By WiLkrin L. Everswep, F.SI.
Charlered Quantity Surveyoy

LESSON 11
SPECIFICATIONS

Meaning and Use of Specifications. The prepar-
ation of specifications for building work is very
clearly linked up with that of the bills of quanti-
ties, and is often carricd out by the quantity
surveyor after he has prepared the bills from
the drawings which have been supplied by the
architect.

The general meaning attached to the specifica-
tion is that of a detailed description with regard
to the construction and formation of the build-
ing to be erected, and has generally application
only to gne particular set of drawings.

» [t should embedy practically all the particu-
lars of the contrict entered into between the
building owner and the builder, together with
the relationship of the architect to both parties ;
the whole specification, together with the draw-
ings, and sometimes the bills of quantities, forms
part of the contract documents.

To be of real service it should be brief, but
containing sufficient information for the parties
using same to be quite clear as to the meaning
and intent thereof. To obtain this clearness,
care should be taken to use only the ordinary
technical terms that are clear to tradesmen and
workmen generally employed on a building, and
all  technical words seldom used should be
avoided. It should be written in a definite
order ; cach paragraph relating to an item
should be carefully marked so as to separate
them one from the other ; and it is always a great
service both for inter-reference and reference by
the builder, if the paragraphs are numbered.

Mention has alrcady been made of a quan-
tity surveyor writing the specification, but if it
is not done by him, the person who writes it
should be well acquainted with the ideas of the
architect, and should also be quite familiar with
the latest form of construction and materials
likely to be used.

Where specialitics of any particular firm are
to be used, care should be taken to obtain, from
their catalogue or price list, the correct descrip-
tion, and if possible, a catalogue number and

prime-cost figure ; but catalogue prices should
not be quoted.

Writing a Specification. The best method of
procedure for writing a specification is to out-
line on sheets of foolscap the general trade and
sub-headings and items required.

It is advisable to keep a scries of these sheets,
s0 as to be able to refer constantly to what may
be termed an outline for the preparation of
writing up any new specification required ; but
it is a great mistake to cut and alter any old
specification, unless great care is exercised in
reading the description, or it will be found that
paragraphs are included which do not apply to
the particular job in hand, or which may con-
tradict a description in another part of the
specification.

The heading of the specification should consist
of the title, showing completely the position of
the job, and particulars as to the building owner
and architect. The preliminary clauses should
contain extracts from the form of contract, and
which will be of service to the builder or the
workmen, a list of the drawings, and also
general information for the guidance of the
builder carrying out the work.

The body of the specification should contain a
full and accurate description of the materials
and labour nccessary for the job, this being
divided up under the various trade headings, of
which the following are the most general :
Iixcavator and Concreter, Drainage, Bricklayer,
Tiler or Slater, Mason, Carpenter and Joiner,
[ronmonger, Founder and Smith, Plumber,
Plasterer, Glazier, Painter, together with such
additional trades as Paperhanger, Heating and
Ventilating Engineer, Electric Wiring and Bells,
Gas Fitter, Coppersmith, Reinforced Concrete,
Structural Steel and others.

It is of great scrvice to every-one concerned if
an index is made of the various clauses; and
when these are numbered, as previously sug-
gested, the finding of any required item is
facilitated.

In writing the paragraphs, care should be
taken to avoid any loose expressions which in
particular throw the decision upon the builder.
An expression such as “ or equal,” or ““ similar
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to,”" and also such expressions as “ as required,”
“in a proper manner,” are of no help to the
builder. The writing should be quite definite
as to the requirements of the architect.

It is advisable in writing a specification to
bear in mind certain of the rules laid down by
the joint committee of the Surveyors’ Institu-
tion and the Master Builders, and embodied in
the Standard Method of Measurement for Build-
ing Works ; for instance, the standard method
gives certain rules for calculating the amount
of lead at the caves of a sloping roof, and also
for the amount of passings to be allowed in
connection with flashings, and, unless there is
some particular reason, these allowances should
be embodied in the specification.

It is impossible in the space available to
give complete paragraphs for the whole of a
specification required, but it must be borne in
mind that in drawing up these various para-
graphs instructions arc being given to the builder
for certain work, and the specification should be
so worded that it is in the nature of a written
order for what has to be done to complete the
building ; the paragraphs should therefore, not
read like a description from a bill of quantitics,
any more than a description in a bill of quantities
should be like a paragraph from a specification.

When specifying that an item, such as a stove,
has to be set by the bricklayer, remember also
that the stove itself has to be mentioned in the
Founder and Smith, and a note should be made
in connection with the fixing, referring the reader
to the paragraph where the provision of the
stove is specified.

A point to be remembered in writing a speci-
fication is that it is not an instruction how to
lay bricks or execute other work, but what is
required by the architect to complete the job.
The bricklayer knows how to lay his bricks,

probably better than the architect, but will not
know the architect’s actual requirements in
designing unless he is told.

Brevity and Clarity. In writing, do not use
unnecessary words, as it only makes so much
additional reading to be able to understand what
is required ; if instructions can be put into a
concise form, they are more casily understood
and carried out than if written up with numer-
ous uscless words.  For instance, an item from
a specification reads as follows @ The whole of
the roofs to be framed together and constructed
in the strongest manner, collars to be spiked to
the rafters, and the rafters to the plates and
purlins. Tn constructing the roofs, timbers of
the following scantlings are to be used @ plates
41n, X 3in., rafters and ceiling joist 4 in, > 21in,,
ridges 8 in. x 1} in., valleys 8 in. < 2 1n., hips
8 in. 1} in,, collars 4 in. % 2 in., purlins
5in. X 3in.”

This extract can, it will be realized, be made
much shorter and more casily understood by
saying that the roofs are to be framed up and
spiked, in the strongest possible manner, of tioe
following scantlings—

Plates . . 4y
Rafters and cciling ]mst 37w 2
Ridges . . 87l
Valleys . . . 872
Hips . . . 87 al”
Collars . T2t
Purlins . . . 5" v 3"

A chueo in a specification which reads as
follows :  ““ Provide and build in all external
openings suitable concrete lintels and provide
all requisite board casings and struts, the lintels
to be reinforced as necessary with 1-in. diameter
steel bars,”” is not at all definite, and the sizes of
these lintels and the number of bars required
should be definitely stated to the various widths
of openings.
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HISTORY OF ARCHITECTURE

By Thomas E. Scorr, A.R.I.IB.A.

LESSON 11
THE ORIGIN OF ARCHITECTURE
EGYPT—WESTERN ASIA

THE origin of architecture is as remote as the
origin of mankind. It is certain, however, that
the mneed for shelter
{from the elements, and
protection against wild
animals, were the first
incentives to build, and
that the carliest struc-
tures were as primitive
as man himself.

It is not possible to
mobmes Yy with anv cer-
tainty the few remains of
prehistoric buildings, so
they are of little value,
although it is possible
to trace in some of the
carliest efforts the origin
of later works. In Lng-
land, the great circle of
stones at  Stonchenge,
and  the Tumuli, or
raised mounds, marking
burial ~ grounds, are
familiar ancient works
which are examples of
primitive building.

EGYPT

The earliest civiliza-
tion of which thereis any
reliable information is that of Egypt. Its his-
tory is derived from the Scriptures, from Greek
and Roman writers, and from its buildings ;
through the latter it may be traced back to
about 4,000 years B.c., and even at that early
date there is evidence that the Egyptians were
possessed of great constructional ability.

A very peculiar point about much of their
work, however, is the inaccuracy in the set-
ting out of buildings and preparatory work
generally. This is probably explained by the
driving haste necessary in order to complete

THoMas L. Scorr, A.R.I.B.A.

Lecturer on Architeclure al Northern Polytechnic, London

works in anything like a reasonable amount of
time.

The remains of Egyptian architecture suggest
that the chicf buildings were temples and tombs,
and the substantial way in which they were
built is expressive of the importance of religion
and the power of the priesthood.  The Egyptian
appears to have regar-
ded life as a transitory
cxistence, anticipating
that his soul, after
death, would sojourn for
3,000 years with Osiris,
orin the body of an “ un-
clean”’ animal, accord-
ing to the judgment of
the deities, ultimately
returning to its former
body. Not only was
the body most carefully
embalmed for preserva-
tion, but colossal tombs
were crected  for its
protection, and for the
storage of certain world-
ly possessions against
the return of the soul.
How well this was done
is cvident from recent
discoveries by the late
T.ord Carnarvon and Mr.
Howard Carter.

Of domestic buildings,
there are no remains of
any account ; this is
natural, not only because
of the relative unimportance of carthly life on
religious grounds, but also on account of the
nomadic existence necessary in hot climates.

Temples. The temples were jealously guarded
sanctuaries, which only the king and priests
might enter.  They were vast structures, created
to impress, and suggestive of the mystery of the
rites and processions which took place within.
The Temple of Khons, Karnak (Fig. 6), built
about 1200 B.C., is a characteristic example. It
will be appreciated that the raising of the floor
levels and lowering of the roof increased the
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appearance of size, the forest of columns gradu-
ally fading away in the almost black darkiess
of the unlit interior.

Tombs. There were three general types of
tomb.

The Pyramids, familiar in form to all, were
built by the kings to contain their preserved
bodies.  The Great Pyramid of Cheops, 3733
B.C., was a gigantic undertaking ; it is about

HYPOSTYLE
HALL

SANCTUARY

SCALE Of

FEET

Tur TEMrPLE OF Knoxns, KARNAK
Front elevation, Section, and Plan

Fia. o.

750 ft. square and 482 ft. high, and the accuracy
of workmanship in its crection is astounding,
Some of the blocks of stone weigh as much as
fifty tons, and yet they were fitted with great
exactitude, and in the lengths of the sides there
is a variation of only 1-7in.  Even with the
vast amount of slave labour available, it is al-
most impossible to realize how so stupendous
a task was carried out.

The Mastabas were small structures, used as
tombs for less important personages. In later
periods, tombs were usuably cut into the face of
the rock, an entrance giving access to an under-
ground corridor which led to the various
chambers. At Beni Hasan there is a remark-
able group of tombs, built between 2500 and
2200 B.C., the entrance to one of which (Fig. )

is particularly interesting as a possible prototype
of the Greek Dorie Order.

Space will not permit more than a passing
reference to the Great Sphinx, the origin and
meaning of which are unknown.

The Obelisks, of which the well-known “* Cleo-
patra’s Needle ” in London is an example, were
decorative pillars which stood in pairs at the
entrance to temples.  Their quarrying, trans-
port, and crection are interesting subjects for
speculation.

Craftsmanship and Materials. The abundance
of unskilled slave labour is a factor which has
contributed largely to the massive character of
Egyptian buildings, but it was the organization
and engineering skill of the Egyptians which
made such works possible,

-, 'Km. "\‘A'J‘:"‘
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Fi1G. 7. Rock-cut ToMn,

The materials used were granite, sandstone,
limestone, and sun-dried bricks;  timber, al-
though .w..ulablc insmall sizes, was not generally
used for the temples, but was possibly employed
in the building of houses.  \labaster was used
as a decorative material.

Architectural Character. [t is highly probable
that a mud and reed form of building, practised
on the banks of the Nile, was the prototype of
the stone architecture which followed.  Walls
were inunensely thick, usually battered or sloped
on the outer face, m(l when built of stone, were
frequently decorated with carving und hiero-
glyphics, the latter contributing very largely to
our knowledge of Egyptian history.  Walls of
brick, and sometimes those of stone, were
plastered, both as a protection against the
weather and to provide a suitable surface for
colour decoration. This was applied in the
form of a low relief sculpture, the process prob-
ably consisting of the drawing of the figures by
an artist, their outlines cut, and the forms
slightly modelled by a s(,ul])t(n, and the whole
finally coloured by the painter.  Colour decora-
tion was used internally, where, owing to the
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subdued light, it was necessary that the colours
should be strong and bright, red, blue, and
yellow being most frequently used.  The reader
is referred to the Grammar of Ornament, by Owen
Jones, for some excellent illustrations in colour
of Egyptian and many other types of decoration.

Window openings were rarely used, light being
admitted over dwarf walls between the columns
(Fig. 4, L.esson I).

Roofs were flat, consisting of slabs of stone
supported by the walls and massive, closely
spaced columns (see Fig. 6).  The decoration of
these columns appears to have evolved from
the bundles of reeds, of which the earliest build-
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F16. 8. Eayprian CAPITALS
(A) Palm Leaf Capital. (B) Lotus Bud Capital.  (C) Bell, or Lotus
Flower, Capital

ings were probably constructed. The treatment
of the upper parts of the columns, known as
capitals, was inspired by local plant life, such
as the lotus bud and flower, and the papyrus,
the former being the symbol of fertility (Iigs.
84, B, and ¢).

Beams consisted of plain stones, sometimes
surmounted by a simple moulding (Fig. 9a).

Ornament was usually simple, consisting of
symbolical features, such as the sacred beetle,
or scarab, the globe and vulture, which was
asymbol of protection, while diaper patterns and
running bands of various types were used (Iig. o).

Egyptian architecture, although occupying no
very important place in the history of the arts,
must alwavs he recognized as one of the finest

evidences of the expression, in building, of the
life story of a nation. It should always be
studied too, for its massiveness, its cternal
nature, its strength, and mystery—qualities in
the expression of which it has never been excelled.

WESTERN ASIA

Little now remains of the architecture of the
nations who ruled the countries of Western
Asia; but there is sufficient evidence to show
that the Greeks were, to some extent, influenced
by the works they found there. Histories usually
refei to three styles - Chaldean, Assyrian, and
Persian - but  there is little vital  difference
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F16. 9. EGYpriaN ORNAMENT
1A) " Gorge " moulding, with feather ornament and wingéd solar
dise, (B) Spiral ornament. (C) Frieze with Jotus motif

between them, although they all differ greatly
from Egyptian work.

The scarcity of stone and timber led to the
use of sun-dried bricks, and buildings in conse-
quence lacked the durability of those of the
Egyptians; and thus little remains of the
magnificent palaces which excavations show to
have existed.

The architecture of the Persians, at one time
rulers of Western Asia, attained great magnifi-
cence, and the vast Hall of Xerxes at Perseopolis,
the capital, was undoubtedly one of the largest
and most imposing buildings of antiquity. There
exist now, however, only the vast platforms and
terraces of rock (natural precautions against
floods) upon which these palaces were built,
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BUILDER’S GEOMETRY

By RicHArRD GREENHALGH, A.L.STruUCT.K.
Honours Medallist in Geometry

LESSON 11
DRAWING INSTRUMENTS--(contd.)

Choice of Instruments. It is always advisable
for the draughtsman to purchase the best instru-
ments within his means.  Good work cannot be
done with cheap instruments; the
joints of compasses, ctc., move jerkily
and soon work loose, and the points
cannot be adjusted accurately. It is
preferable to buy one or two instru-
ments of good quality as required,
rather than a case full of inferior
make.

adapted for large circles.  When complete with
a lengthening bar (top illustration) and a pen
(bottom at right), the various parts are known
collectively as a half set.  The lengthening bar

is used when drawing very large circles, the
compass leg being removed and replaced by the
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FiG. 11. PockKET CASE OF DRAWING INSTRUMENTS
cach other, there should be double slots and
tongues. The needle points should be replaceable
and should fit tightly where they emerge from
the bottom of the leg, so-that there will be no
play or side movement when in use,

A pocket case of good quality drawing instru-
ments is shown in Iig. 11.

Compasses. Compasses may be obtained in
three patterns, the type shown in Fig. 12 being

lengthening bar, and then fitted into the lower
end of the lengthening bar.  The pen leg can
be used in place of the pencil leg.

For circles of medium size, say between 1 in.
and 4 in. in diameter, bow compasses, as shown
in IFFig. 13, arc the most useful.  These com-
passes have a knob at the top, and the points
are not detachable, so separate instruments are
required for pencil and ink.

o ER. "7;-'N._\ ( ETANLLY 'K.-l{ ;
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16, 13. Bow COMPASSES

Spring-bow compasses, a good pattern of which
is shown in Fig. 14, are used for very small
circles. They are usually supplied in sets of
three: pencil, pen, and divider points, but the
latter are of little use. '

Using Compasses. To use a pair of compasses
cfficiently requires a fair amount of practice.
Two rules should be observed. First, put as
little pressure as possible on the point; and,
secondly, always keep the legs as upright as
possible. If these two rules are followed, an
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unsightly hole will not be made in the paper,
thus also tending to make further curves in-
accurate when struck from this centre.  The
top of the compasses should be held lightly

1. 14, SPRING-BOW COMPASSES
between the thumb and first and second fingers,
as shown in Iig. 15.

The young draughtsman should try to handle
and adjust the compasses with one hand, as
shown in IFig. 16, which shows the compasses

Rt to inscribe a circle in o triangle.
Practice will soor enable the student to adjust
his compasses in this manner.,

Dividers. These are not very nceessary, as
compasses can generally be used  in-

GEOMETRY 83
therefore some dividers are provided with a
hair adjustment, as shown in Fig. 17. This
means that one leg is jointed near the middle or
near one end, and the lower part can be adjusted

1. 100 SETTING THE COMPASSES

a little by turning a screw, as shown. Tt is a
rather unnecessary refinement.

French Curves. Curved lines which are not
parts of circles and which cannot be drawn

frechand are usually drawn by the aid of French

stead, but they are looked upon as part TR TR — —
of a dranghtsman’s equipment.  The -’U S S— ——— e

. N r y . . -:l_._ 4 3 -
points should be kept very fine and N

F16. 15. METHOD OF USING COMPASSES

sharp, and the knuckle should work smoothly.
When  setting  the  dividers to a required
length, there is a tendency to jerk the points
a little over or under the required setting, and

I{a1rR DIVIDERS AND SECTION THROUGH
Lec

I'1G. 17,

©curves, a typical example of which is shown in

Iiig. 18, Many varicties of shapes can be pur-
chased in either wood or celluloid, the latter
being preferable. Some draughtsmen make their

IFrRENCH CURVE

F1G. 18.

own from a sheet of celluloid, which can be
cut with a penknife and glass-papered to a
smooth edge.

When using French curves, care must be
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excereised or  kinks 7 will show in the curve
drawn. The French curve should be adjusted
to at least three points on the required curve,

an angle, the base of the protractor is adjusted
to the line, with the middle point of the basc
over the spot from which the angle has to be
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Frag. 1o, CIRCULAR PROTRACTOR

and it is often advisable first to sketch the line
frechand.  As the line is drawn, the French
curve is moved about to successive positions,
and should always be adjusted so that part of it
coincides with a portion of the curve already
drawn.

oF CHORDS

CONSTRUCTING A SCALE

1. 21,

Flexible curves may also be obtained for draw-
ing curved lines, but they are not much used.

Protractors. The instrument used for measur-
ing or sctting ont angles is known as a protractor.
It is usually a semicircle of celluloid with the
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I1G. 22, SETTING OUT ANGLE wWiTH

ScaLkE or CHORDS

degrees marked round it$ arc, but is sometimes
a complete circle as shown in Fig. 19. Pro-
tractors are also sometimes made of wood, metal
or ivory, but celluloid is the best material because
it is transparent. Rectangular protractors, as
shown in Fig. 20, are also made.  In setting out

Fia.

20, RECTANGULAR PROTRACTOR

drawn ; a point is then marked off at the rim
of the protractor.

Scale of Chords. .\ ~cale of chords is also

30°
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16, 23, SETTING OUT ANGLE

used for setting out angles, and is often found
marked on rules.

TABLE FOR SEITING OUL ANGLES WITH RULE

Degrees Chord Chord at 12 in

3 0087 1°044
1o 017 2:088
13 00201 R RN
20 0347 ; 410y
23 033 ! 31190
30 0518 i 6210
334 , 0577 i 0924
33 i 0601 ! 7212
10 I O8R4 Se208
43 i 0705 g 180
30 i o843 I 10140
38 ’ 923 f 11070
60 | 1*000 : 12°:000
063 ' 1073 12:900
70 gy 13:704
é; t-zég 14016
S0 12 15432
83 1351 160212
Q0 141y 16°968

(Continued on page 1)
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BRICKWORK

By WitLiam Braseg
Lecturer in Brickwork at the Novthevn Polviechuic, london

LESSON 11
BRICKS (contd.)

Moulding. A piece of board, Fig. 1, called a
stockboard, having a reverse mould of the inden-
tation, or frog, of the brick, is fixed at one
corner of the moulder’s bench, Fig. 2. A
wooden or metal box, as shown in Fig. 3, and
called a mould, is fitted over the stockboard.
This mould is minus top and bottom, and of the
exact shape but larger by once-tenth in all
dimensions than a brick.

The mould having been wetted or sanded to
preveat the clay sticking to its sides, the clay
15 dashed into 1t and pressed into the corners,

. auLgdets Deing removed by drawing o short
Fstraight-edge (strike) over the top edges of

STOCKBOARD

Fra. 1.

the mould.  The moulder then places @ picee
of § in. board, called a pallet, on the top, lifts
the mould and its contents oft the stockboard,
reverses it, and removes the mould, thus leaving
the raw brick on the pallet.

The bricks are loaded on to a specially con-
structed wheelbarrow fitted with springs to pre
vent damage through vibration, and taken to
the drying hacks.  The hacks are long, level,
concrete banks about 6 in. above the general
ground level, where the bricks are stacked on
edge about § in. apart and about seven or cight
courses high, with their ends exposed to the
weather. Here they remain for about two weeks.
At the end of this time they are stacked diagon-
ally about 2 in. apart, each course in opposite
directions, so that the wind may more cffectu-

ally dry them. The bricks are protected from
the weather by wooden frames, matting, or
tarpaulins.

Burning. Iig. 4 shows a clamp as used for
burning bricks. A level platform is formed, on
raised ground, with underburned bricks from

§TOCK  BOALD.

LAW. BRICK
ot TPALITIE.

MouLpER'S BENCH

I'1G. 2.

previous burnings, in which a series of hori-
zontal channels, called fire-holes, are arranged.
These holes are filled with faggots.  Two layers
of bricks on edge are then placed over the whole
surface, spaced about 2 in. apart, and laid
diagonally across the clamp. The spaces are
filled with breeze ; over this a layer of unburned
bricks on cdge is stacked close, and covered with

MouLn

Fra. 3.

7 in. of breeze. These are followed by two
courses of unburned bricks, with 4 in. of breeze
between, and a 2 in. layer over all.  The clamp
is completed with a series of close-stacked, thin
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walls, called bolfs, built up to a height of about
14 ft., the outer walls battering, or sloping, in-
wards. The clamp is ignited through the fire-
holes, the whole burning through in from three
to six weeks.

When the mass is sutliciently cool to permit of
handling, the work of unloading is commenced.

Stock bricks are produced by this process,
and arc classified according to quality. This is
determined by the amount of care exercised in
the preparation of the earth, and the degree of
perfection to which the bricks have been burned.

Cross-section of Clamp
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I'1G. 4. PART-PLAN AND CROSS-SECTION OF CLAMP
The latter depends upon their position in the
clamp.

The bricks at the base of the clamp, being
subject to a very intense heat, fuse, and run
together into lumps, and are useful only for
rough walls, rockerics, ctc.

The centre of the clamp produces bricks of
the best quality, the more uniform temperature
minimizing risks of fusion and distortion.

Toward the outside of the clamp, the bricks are
inclined to be underburned, while those on the
extreme outside are rendered, by the action of
the weather, so full of cracks and flaws, as to be
uscless for constructional work.

Stock Bricks. The types of stock bricks are
as follows —

1. Malms. 2. Malmed. 3. Common stocks.

Malms are not now made in any quantity, as

EDUCATOR

the careful washing of the carth in ifs prepara-
tion renders the process uneconomical, produc-
ing an article too expensive for general nse,

For the sccond type, washed and unwashed
carths are mixed in certain proportions, thus
reducing cost, and also quality.

Common stocks arc most generally used, and
can be obtained in various qualities to meet
those requirements for which their colour is
suitable.

Machine-made, kiln-burned stocks are being
extensively manufactured in Kent, great quanti-
ties being used in and around lLondon. These
are usually termed Kentish stocks.

Kiln-burned Bricks. ‘The preparatory pro-
cesses are similar to those previously described,
though usually carried out by machinery.  The
burning, or perhaps more appropriately, the
baking, is carricd out in cnclosed structures,
through which circulates, for varying periods,

=gz Tl ~Live Hole For Firing Clamp = Fue/ AT at a very high temperature.

Manyj types ofykilns are used in different
localities : the Hoffmann, Ifig. 5, lluQmprovul
Hoffmann, and the Scoteh, Fig. 6, being 5.l
generally employed.

Scolch kilns, as shown in Fig. 6, generally take
the form of rectangular chambers, roofless and
furnished with fire-holes at the bases.  Bricks
are stacked in the kiln, and so spaced as to
allow the heat to circulate freely. The top
layer is protected by a covering of old bricks,
which also conserve the heat during the burning
process.

These kilns are a big improvement on the
clamp, the bricks being more uniform in colour
and shape, their quality depending, as in the
clamp, upon their position in the kiln.

The Hoffmann kiln, Tig. 5, is undoubtedly
the most successful type. In these kilns, the
whole of the heat generated is utilized pro-
gressively, with the result that the process of
burning is very gradual. This minimizes the
risk of cracking and distortion, and ensures the
production of a good quality brick, providing
all other conditions are satisfactory.

These kilns are circular in structure and
divided into twelve chambers, interconnected
by small openings at the bottom of the dividing
walls.  Fach chamber is provided with a flue,
which carrics the gases of combustion and
stecam into a shaft. When the chambers are
stacked with bricks, fuel is fed from traps in the
flat top of the kiln into spaces left against the
division walls.

When the kiln is in action, two adjacent
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chambers are open, one being unloaded, the
other loaded. The following four chambers are
in the cooling stage, the next two burning at the
maximum temperature, and the remaining four
in various stages of drying. The opening be-
tween the last chamber and the chamber being
loaded is covered with shects of paper, to
prevent air passing from one to the other during
the loading process.

When loading is complete, the opening to the
next chamber, which by this time has been
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unloaded, 1s in its turn scaled with paper, and
the last damper opened. Thus the cycle of
drying, burning, cooling, loading, and unloading
proceeds continuously, and only ceases when
repairs to the kiln become-necessary.

The improved Hoffmann, or Warren's Per-
Sfected, is similar in most respects, except that it
is rectangular in shape, with rounded ends, and
usually contains about fourteen chambers. In
these kilns, considerable cconomy in heat is

effected by the use of a hot-air tlue, to which
cach chamber is connccted by ducts.  When a
cooling chamber is opened, its duct is also
opened, creating a draught around the cooling
bricks. The heated air passing through the
flue, and from thence to the drying chambers,
utilizes the heat to the uttermost, thereby
cconomizing in both fuel and time.
Machine-made Wire-cuts. After thorough in-
corporation in the pug-mill, the clay is pressed
through a rectangular die, from which it emerges

Faad
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CROSS  SICTION
in the form of a long slab aboutglin_ x 5in. in
section. A series of wires attached to w . 4i T,
work is pulled across the bench on which the
slab rests, and cuts the slab into 3 in. blocks,
which are afterwards kiln burned.

Fletton Bricks. These machine-made bricks
are manufactured in the Peterborough district,
from a local shale known as Oxford clay. The
process of manufacture is entirely different from
all others, except in the burning, usually carried
out in a Hoffmann kiln. The clay is dug, dried,
and ground in a mill similar to a mortar-pan.
The resulting powder is shot into a revolving
sieve, the residue being carried back to the mill
for further pulverization. The sicved carth is
moulded under great pressure in a machine
which also measures the exact quantity required
for the finished brick. The bricks are carried
direct from the machine to the kiln.  Burning
continues for about three weceks.

. Millions of bricks are turned out weekly by
this process, which is so rapid that it is possible
for only twenty minutes to clapse between
digging the clay and stacking the kiln.

The finished bricks are tough, compact in tex-
ture, well-shaped, with clean and sharp arrises.

Their colour varies from a dull cream to light
red, not very pleasing in tone, and unsuitable
for use as facings in important positions, but
excellent for interior work. Ior walls that are
to be plastered, a special kind is made, having
undercut grooves on the face, which form a key
for the plaster.
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LAND SURVEYING AND LEVELLING

By Proressor Hinry Apawms, M. InsT.C.E, F.R.I.B.A, FS.I,, EtC

LESSON II
SURVEYING SIMPLE PLOTS

SURVEYING STRAIGHT-SIDED PLOTS-—SCALES—
I'1ELD BoOK—MARKING BOUNDARIES—
Comrass DIRECTION—OFFSET PIECE

Measuring Simple Plot. The simplest case one
can have in practical work is to measure a
rectangular straight-sided plot, but it is not
sufficient to measure round the sides and assume
that the angles are right angles ; the figure must
be proved by measuring the two
diagonals as well as the sides, as in
Fig. 6. Somectimes, instecad of the
diagonals, tying triangles are measured
across. two adjacent corners as in Fig,
ot -8t less than one- quarter of the
'Tcngth of the sides, as shown. The
first triangle ties the figure and the
second forms a check. The measure-
ments are given in chains and links,
but the decimal points may be left out,
and then the same figures represent
links of 12 X f% =7.92in. The
measurements might also have been
made in feet and inches if they had been
taken with a 1oo0-foot tape or chain.
These examples should be plotted to a
scale of, say, 1 inch to 1 chain.

The Scales used in making survey
plans differ somewhat from ordinary
builders’ scales, but they arc casily
understood. They arc all decimal
scales, that is, the unit distance is divided
into 10 parts, so that a scale of 1 chain to 1 inch
can be used cqually well for 10 chains to 1 inch,
or for 100 chains 1 inch. A so-called “ universal
scale "’ will be found very handy ; cach edge on
each face has a double scale, 10-20—40-80—
30-60-—50-100. Special scales are made to suit
the ordnance maps, and some also have chains
on one edge and feet equal on the other. Off-
set scales are similarly divided to the larger
scales, but are only 2 inches long and used as
divided set squares. Plots of building land
may be found with straight outlines such as we
have already considered, although in nearly
every case that a land surveyor is called upon

7—(5461)

F1G. 6. SURVEY OF
STRAIGHT-SIDED PLOT BY
DIAGONALS

to deal with the outline is more or less irregular,
but he still bases his work upon the triangle,
which is marked out in the ficld by *‘ pickets "’

r ‘“station poles.” These are 6 {t. deal rods
with iron points and small flags at the top. The
frregular strip between the line formed by two
poles and the boundary is called an offset piece,
and as that is an element of practically every
survey, we will take one or two examples.

Chain Lines. In Fig. 8 the straight line repre-
sents one of the chain lines, the number on it
shows that it is number three line, and the
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FIG. 7. SURVEY OF
STRAIGHT-SIDED PLOT BY
CORNER TRIANGLES

arrow head shows the direction in which it was
measured. It is not convenient to put the
measurements on the lines, and a fleld book is
thercfore prepared. A field book opens long-
ways like a shorthand writer’s notebook. There
is a central line, or better, a central column,
running down each page. The measurcments
on the chain line are put up the centre, working
from the bottom upwards, so that the writer
stands with regard to the figures the same way
as the surveyor stands with regard to the chain.

On the right and left sides, the offsets or
measurements to the boundary are put opposite
the distances on the chain line where they
occur, and on the proper side. Sketches are
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also made following the figures to show the lines
or curves of the boundary, with letters indicating
its nature, H for hedge, D for ditch, I for fence,
W for wall, Ip for footpath, ctc.

North Point. The dircction of the first line is
given by comparison with a pocket compass,
remembering that the magnetic variation alters
from year to year, and that at present the needle

N

295 |® o
265
242 | a5
%10 25
t'90 | 3e
s | k2
126 | 3o
o75 | 20
0-62 1o
Qo |® o
@ [nye
I'16. 8. OrrseT PIECE 9.

points about 13} minutes west of {rue north.
It changes altogether 25 or 30 degrees cast and
west of true north in the course of about 160
years, and is at the present time getting nearer
to the true north at the rate of about 5 or 6
minutes per annum. It moves rather slower as
it gets near the true north, which it will pass and
will then lean towards the cast. To avoid any
mistake, the true north point and the magnetic
variation should be shown upon every survey
plan.  The true north can be ascertained
approximately by pointing the hour hand of a
watch to the sun, bisecting by the eye the angle
between that direction and 12 o’clock, and carry-
ing the line backwards.  Tf the minute given by
this line be noted and alsothe minutes indicated
by the dircction of the chain line, then six
times the difference in minutes can be plotted as
the angle made by the chain line with true
north. The directions of other lines after the
first are obtained by the intersection of their

o\
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lengths to form triangles.  For Fig. 8 the field
book will be as shown in Ifig. g, the station poles
being indicated by a circle with central dot.
The direction is shown as 17 degrees cast of true
north.

Area of Offset Piece. The arca of an offset
picce can be obtained by using equalizing lines
to form a triangle and then measuring base and

Fi1G. 1o, LEQuUALIZING
[UNE FOor FiG., 8

perpendicular, as in Fig. 1o, Then the arca will

be -

295
-“I
295
1180
2|12095
60475 Auns.
4 0., 2r., 163 p.
24100
40
167600
This offset picce should be plotted for practice
to a scale of, say, 1 inch to 1 chain. By laying
the 12 inch scale down with the zero correspond-
ing to the zero of the chain line, and using the
offset scale as a set square, the offset distances
can be pricked off very rapidly and the boundary
drawn through.
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Offsets should, as a rule, never exceed one
chain in length; if they would do so when
measurcd direct, as in Fig. 11, it is usual to take

490 |24

k72 |32

k60 |50

koo |} 95
370 |125

2:50 |leo

130

30

Fia, 11, EXAMPLE OF
LLONG OFFSETS

them by means of a triangle based on the chain
line, as in Fig. 12. This is done owing to the
difficulty of judging true perpendiculars from
the chain line by the eye. It is not necessary to
take the arca of each offset picce separately.
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Equalizing, or “ give-and-take,” lines may be
run round the whole boundary and joined up
into triangles across the interior, summing up

TRIANGLE TO Avolb
[LONG QFFSETS

FFre, 12,

the results of base by perpendicular and not
forgetting the dividing by 2. All the triangles
of a survey should be *“ well-conditioned,” that
is, they should have no angle less than 30 degrees,
or more than 120 degrees,

BUILDER’S GEOMETRY

(Continued from page 84)

To construct a scale of chords, draw a quad-
rant A BC (Fig. 21) and divide the arc AC
into ninc cqual parts. With 4 as centre turn
these points down on to A B (producced).

To sct out any angle, say 20°, proceed as
follows: Draw a line (Fig. 22) and describe an
arc with AB (Vig. 21) as radius. Now sct
the compass from A to 20 (the chord of 20°)
on the scale of chords and cut off the arc to this
length.

A scale of chords is shown on the rectangular
protractor in Iig. 20.

Setting Out Angles with Rule. The table on
page 84 gives the values of the chords of a number

of angles; thatis, the figures in the centre column
give the ratio of the chords to the radii of the
various angles, the radius in cach case being
unity. If the radius is taken as 12 units, say
inches, the chord will then be 12 times the size
given in the centre column; therefore the
figures in the last column are 12 times those in
the centre column.

The latter figures can be used for setting out
any angle with a 2 ft. rule. Thus, in Iig. 23,
the inside corners of the ends of the rule are
adjusted (as nearly as possible) to 6-216 in., as
given opposite 30° in the table, and the legs of
the rule thus make an angle of 30°.
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ARCHITECT’S OFFICE AND ROUTINE

By HErBERT J. AXTEN, A R.IL.B.A,, ALStrUCT.E.
Chartered Architect

PART 11
STAFF AND DUTIES

Senior (or managing) assistant.
Architectural assistants.
Clerks and shorthand-typists.
Office boy.

ARCHITECTURAL STAFF

Duties of Staff. The duties of the architec-
tural members of the stafl vary of necessity with
the size and importance of the office on the one
hand, and with the actual amount of architec-
tural work cxccuted by the principals on the
other.

Should there be only one principal, he may not
have sufficient time to execute the original
designs for every job undertaken, and in that
case the senior or chief assistant would prepare

Staff.

client, they would be handed over to the senior
assistant. From this point onwards until the
completion of work, the senior assistant would
be strictly responsible for the preparation of all
the necessary contract drawings, details, and
other drawings, including obtaining necessary
information and particulars from the site and
from the local and other authorities, for all of
which purposes he is assisted by the remainder
of the staff as and when required.  In the case
of a small job, one or other of the assistants
may be given the work, and under the guiding
hand of the senior assistant made responsible
for its satisfactory execution; in this way the
juniors gain experience and sclf-reliance,

The senior assistant must also be capable of
making land surveys and taking level§®s. =5
surveys of dilapidations ; making sanitary
surveys ; making surveys for valuation regard-
ing the purchasc or sale of various types of

Client Remarks

No. Date Subject Matter
239 2/2/20 Proposed Warchouse,
Riverside, Northampton .
240 4/2/26 Survey and Report,
Proposed Purchase of Factory, Slough
241 5/2/26 Proposed Detached TTouse,
The Grove, Ealing .
242 8/2/26 Dilapidations 6 Houses,
St. George’s Square, N.W.2

Hardware Manfg. Co.
Central Eng. Co., Ltd.

A. Client Scheme Abandoned
after Sketch Plans

Prepared

Quill & Co. (Solicitors)

the sketch designs in addition to his other
dutics, but in the case of the architectural
partnership, referred to in Part I, the following
might be a bricf outline of the dutics expected to
be undertaken by the architectural assistants,
The client’s instructions having been given and
formally acknowledged, the principal, accom-
panied by the senior assistant, would visit the
site and prepare sketch designs, plans, and
clevations. Upon these being approved by the

F1G. 2. ““ JoBs” Book

propertics ; measuring up and drawing out
existing buildings requiring alteration or exten-
sion. He must also be well versed in the imperial
and local legislation affecting the construction
of buildings, in order to discuss intelligently all
matters with his principals ; prepare drawings
that will not infringe any Acts or by-laws ;
supervise the execution of the work ; examine
and test the building materials being used upon
a job; preparc specifications and approximate



T

ARCHITECT’S OFFICE AND ROUTINE

estimates ; inspect buildings during the pro-
gress of erection and completion, for the issuing
of certificates for payments to the builder and
sub-contractors ; adjust contractors’ accounts.
The other architectural assistants are required
to carry out preliminary and other work required
by the scnior assistant, for the purpose of
expediting the work of the office, for example—-

Assist in all survey work ;

Work out the levels in the field book ;

Plot simple work ;

Prepare tracings in ink or pencil ;

Enter up the ““ jobs ”” book ;

Enter up “ plans "’ register ;

Enter up all plans sent out and returned ;

Colour working and other drawings ;

Prepare schedule and analysis of cost of
ccmpleted works.

Arising out of the latter the books given
below call for explanation.
“Jobs” Book. This book is kept for the pur-

-2
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pose of recording every “ job ” as it comes into
the office, whatever its nature.

The jobs are entered in order of date and given
a “number,” which they retain throughout
their progress; all the drawings and corre-
spondence bear this number, as also does the
““jacket ” containing the papers when put into
the store.

Fig. 2 shows a specimen of entries in the
jobs book.

Plan Register. As its title infers, this book is
for the purpose of registering all drawings
prepared.  The pages are headed with the
number of the job obtained from the ““ jobs ™
book, the nature of the work, and the name
of the client.

All plans are numbered in accordance with
ths register and also bear the job No., thus—

Job No. 239
Drawing No. 3

WORK No. 239

ProposED WAREHOUSE, RivVERSIDE, NORTHAMPTON, FOR ITARDWARE MaNrkG. Co.

No. | Date Drawings

1 4/2/26 | 22 Scale Site Plan Plotted from Survey

IA 5/2/26 | Tracing of ditto, but Showing Proposed
Road Widening

1B 5/2/20 | Linen Tracing of No. 1A

2 5/2/26 | Lin. Scale Pencil Sketch Plans and
Elevations

3 12/2/26 | Complete }in. Working Drawings and
Block Plan

3A | 19/2/20 | Linen Tracing .

3B | 22/2/26 | Photo Copy on Linen

3¢ | 22/2/26 | Photo Copy on Linen

3D | 22/2/26 | Photo Copy on Linen

3k | 22/2/26 | Photo Copy on Paper

3¥ | 22/2/26 | Photo Copy on Paper

3G | 22/2/26 | Blue Print

3H | 22/2/26 | Blue Print

. Date Date L
Copy Sent to Sent Recd. Remarks
Office Copy
N'ton Boro' C'n'l|  5/2/20 Appd. 12/2/20
H.M. & Co. 8/2/26 | 1r/2/20 | Appd. Subj. to
Slight Amendts.
0. C.

N’ton Boro' C'n'l| 22/2/26 Appd. 27/2/206

0, C. Contract Copy
Contractor 8/3/20 By Hand
Contractor o 8/3/26 By Hand
0.C.

Heating Engrs. .| 22/2/26 For Estimate

Electrical Engrs.| 22/2/26 For Estimate

F1c. 3. PLAN REGISTER



94 BUILDING EDUCATOR

The entries are made in tabulated form, of
which Fig. 3 illustrates a typical page.

Plans ‘‘ Sent Out” Book. In this book a
record, in order of date, is kept of every drawing
sent out of the office ; in it 1s entered the name
of the person to whom the drawing was ad-

Postage Book. This book is for keeping a
record of the postage of all letters and parcels,
and of the cxpenditure upon stamps.  The
money for the purchase of the stamps is drawn
from * petty cash,” and a check between the
postage book and the petty cash book is made

dressed, and the date noted upon which it was  from time to time.

Amendments

Date, | No. To Whom Sent I Date Retd. ! Remarks
| . S o

5/2/26 230,11, Northampton Borough Council . . Approved 12/2/20

8/2/20 23072 Hardward Manufacturing Co. 11,2720 Approved Subject 1o Slight

16, 4. Prans “ SENT Ouvt” Book

Telephone Book. In this book is recorded
all the outgoing calls on one side of the page,
and all the incoming calls on the other side.
The former not only serves as o regg m of a
telephone conversation, but may also PIOT oy
a method of approximately checking the Post
Office quarterly account of charges.

returned, and any remarks thercon. Iig. 4
shows the “ ruling ' of this register,

Schedule of Cost of Completed Works. A
schedule and analysis of the actual cost of
completed works may be kept under the follow-
ing headings: cost per foot cube; per foot
super of floor space ; per room; per scholar;

per “sitting ”; per bed; per car; and so Callers’ Book. In this book is recorded day
forth. This forms an exeeedingly uscful addi- by day the time and names of the several callers,
Date Time | Name of Caller Subject Scen By

Fia. 5. Carrirs' Book
with a short title of the matter to be discussed.
Fig. 5 shows an example of the ruling.

Diaries. The diaries kept by the principals
are only a record of appointments giving the
time, name of caller, and subject matter. The
details of the interview are written out upon
scparate day sheets, and filed with the docu-
ments relating to cach particular job.

The diaries kept by the assistants record
the time spent upon cach and every matter
dealt with, and their “ petty cash ” expendi-
ture thercon.  These items are afterwards

(Continued on page 97)

tion to the working data in forming the basis
of the preparation of approximate estimates.

BUSINESS, OR CLERICAL, STAFF

The ““ business,” or clerical, stalf and office
boy carry out all the typing, correspondence,
filing, and storage of documents and drawings.
This involves the keeping of the following
books - -

Letter Register. A letter register is kept in
which is recorded day by day the letters re-
ceived ; these are stamped with a rubber stamp
bearing the date and serial number of the letter.
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BUILDING SCIENCE

By Ravymoxnp R. BurLer, M.Sc., ALC., F.CS.

LESSON 11
THE ATMOSPHERE

Constituents. A knowledge of the composition
of the atmosphere is essential to an accurate
understanding of the basic principles under-
lying the problems associated with the corrosion
of building materials.

If clean iron wire s allowed to rust in a volume
of air enclosed in a glass inverted over water, it
will be found that after a long period the water
will have risen in the vessel by about one-fifth
the volume of the vessel.  An examination of
the residual gas reveals the fact that it is no
longer capable of supporting the combustion
of a taper or match, and that in general it is

g - T fom this and other experiments we

*tonclude that air consists of a mixture of two
different gases in the proportion of one part of
active gas (oxveen) to four parts of inactive gas
(nitrogen), approximately.

There are, however, a number of other constit-
uents of the atmosphere which are of  dircct
interest to us. Thus we find—

(@) Water vapour.

(6) Carbon dioxide.

(¢) Suspended dust and soot.

(d) Ammonia.

(6) Acid fumes, in cities.

Water Vapour. The air is capable of holding
in suspension comparatively large quantities of
water vapour.  Lor example, one cubic metre
of air will contain, when saturated with water
vapour at O° C., 487 grms.; at 10” C,, 930
grms. ; at 207 C., 1716 grms. ; and at 30" C.,
30:00 grms.  One cubic mile of air, saturated
with water vapour at 357 C. would, if cooled to
0° C., deposit approximately 140,000 tons of
rain, because at the lower temperature it could
not contain the quantity which would remain
suspended at higher temperatures.  The deposit
of moisture on the inside of shop windows in

~winter ; the ““ sweating ” of cisterns, walls and
ceilings when warm winds follow a period of
frosty weather; and the deposit of dew on
grass after sunsct, caused by the rapid cooling
of the ground by radiation, are all examples of
the deposit of excess moisture from the air on

any surface capable of cooling the air below its
saturation limit.

Carbon Dioxide. This gas occurs naturally
in the atmosphere to the extent of about 3 parts
per 10,000, although in crowded rooms the
quantity may reach ten times that amount.

It is the result of combustion, respiration and
putrefaction, in cach of which processes the
carbon of substances hecomes oxidized to CO,.
Thus, in the burning of coal and coke, the direct
combination of carbon and oxygen results in a
libe- ation of heat energy and the setting free of
carbon dioxide.  In the process of respiration,
compounds containing carbon are similarly oxi-
dized, and exhaled air contains on an average
about 4 per cent of €O, These points are of
importance in ventilation problems.

The effcet of inhaling large quantitics of
carbon dioxide is shown by Table T11, the result
of actual experiments. Tt should be noted that
the gas does not appear to be an active poison,
but rather a comparatively inert substance
which affects the human being by depriving the
lungs of the active gas, oxygen, which is essential
to life,

TABLE 111
Errects or CarBoON DIONIDE

Percentage of carbon

dioxide in the inhaled Lffect on human beings

air.
Breathing deepens
Produces panting
Severe distress
3 Partial loss of consciousness
25 Death ina few hours
50 Deathin a very short time

In contrast to this, the other gaseous oxide of
carbon, carbon monoxide (CO), is an actively
poisonous substance.  This gas does not occur
naturally in the atmosphere, but is found in the
gas supply of many towns, and frequently in the
exhaust gases of internal combustion engines, in
which it occurs due to incomplete combustion.
It forms with the hacmoglobin of the blood a
very stable compound which we term carboxy-
haemoglobin, and which, when once formed,
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interferes with the normal action of the haemo-
globin as an oxygen carricr.

The comparison, Table IV below, will be of
interest.

TABLE IV
LErreEcts oF CARBON MONOXIDE

Percentage of carbon
monoxide (CO) in the
inhaled air.

Effcct on human beings

Per cent
005 Giddiness in half an hour
o1 Inability to walk
02 Loss of consciousness
0-8 Probable death
10 Tfatalin very short time

Partial suffocation by CO, was undoubtedly
onc of the causes of the tragedy known in
history as the Black Hole of Calcutta, in which
146 prisoners were packed by the Nabob of
Bengal into a room twenty fect square, with
only two small gratings to admit air. There
were only twenty-three survivors.

The air in which a candle has gone ont shows
a great similarity to that from the lungs after
deep respiration.

Percent  Pereent  Percent
. oxysen nitrogen COy
Air from lungs
(deeply respired) - - 1615 7990 305
Air in which a candle has
gone out  — - - 1605 8080 315

The presence of the carbon dioxide in the air
makes possible the use of a mixture of slaked
lime and sand as a binding material between
masonry courses. Ordinary mortar depends
upon the CO, in the air for the conversion of the
slaked lime into hard calcium carbonate.  The
chemical equation representing this reaction is—

Ca(OH), 4 CO,—-- » CaCO; + 1L,0

(staked lime) (c.n‘lmn) ( c.ugciuu: )
carbonate,

dioxide

It is obvious, therefore, that the old-fashioned
mortar could not be used as a binding material
for underwater work, as its sctting depended
upon the presence of carbon dioxide, and would,
therefore, not set under water.

To meet this difficulty, hydraulic cements
have been introduced which sct in the presence
of water and arc independent of the carbon
dioxide of the air (see later).

Suspended Dust and Soot. The city “ fog”
consists mainly of mist (fine particles of water

vapour) condensed on floating nuclei of dust.
The nature of this suspended solid matter may
be judged from a chemical analysis of the sooty
deposit left after fog, which reveals the presence
of carbon (soot), oily matter, sulphuric acid,
iron and iron oxides, and silica (sand).

Rescarches carried out in London by Dr.
J. S. Owens in conncction with the question of
atmospheric pollution reveal the extent to
which the domestic fire adds to the impurities of
the atmosphere. It is calculated that over an
arca round London and up to a height of 400 it.,
a 4-hr. fog contains approximately 190 tons of
soot. Every year about 17,000,000 tons of
coal are brought to London, of which 7,000,000
tons arc for domestic use.

If we take the average quantity of soot pro-
duced from home fires as 2 per cent of the
quantity of coal consumed, and that produced
from factory fires as less than } per cent, we
calculate at once that over 165,000 tons of soot
fall over London in a year. Given ordinary
winter temperatures, the London Nove
is dependent mainly on the absence of air move-
ment.  The mean daily movement of the air
past Greenwich is 280 miles—hardly more than
a pereeptible draught.  If this movement drops
to about 11 ft. per scc., or 200 miles a day, given
winter conditions, a fog is certain.

The presence of sulphuric acid in the fog
deposit is accounted for by the fact that all coal
contains sulphur compounds, which on com-
bustion produce sulphur dioxide, a gas having
a suffocating odour and readily soluble in water.
In the presence of water and the oxygen in the
air this gas becomes converted into sulphuric
acid, the chief corrosive agent responsible for
the decay and deterioration of building stones.

Ammonia. The presence of ammonia is
noticeable where organic matter is allowed to
stagnate (c.g. in ill-kept public lavatorics). The
quantity in the atmosphere at any particular
time is usually very small, figures of three manu-
facturing towns being given below—

London 0-0035 per cent by weight of air
Glasgow 0°000 " " ”»
Manchester o-oto » » »

Acid Fumes, Reference has already been
made to the presence of sulphuric acid in the fog
deposits of large cities. Coal contains on an
average some 67 1b. of sulphur per ton, mainly
as pyrites (sulphides of iron and copper). The
amount of sulphuric acid produced in this way
is very considerable, and it has been estimated
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that some 400,000 tons of sulphuric acid are
produced annually over London, a great portion
of which descends in rain and fog upon the
buildings of the metropolis. All carbonate
materials (Portland stone, Bath stone, etc.),
Portland cement, most metals, and many other
substances are attacked by this corrosive acid.

In addition a further problem occurs in towns
(such as Widnes, for example), where chemical
manufactures are centred. In chemical arcas,
the air may be still further polluted by active
gases such as chlorine, hydrochloric acid, and
similar products ; and though each single fac-
tory may be conforming to the official require-
ments regarding the pollution of the air, the
cumulative effect is to produce an atmosphere
containing considerable quantitics of matter of
a corrosive nature,

Recent figures available for London air indi-
caie the extent to which climatic conditions
influence the amount of acid impurity in the air.

-~
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Sulphur Dioxide (SO,). On a fine November
day—one volume of sulphur dioxide in two and
a half million volumes of air.

On a foggy November day—one volume of
sulphur dioxide in one million volumes of air.

Sulphur Trioxide (SO,). The amounts of
sulphur trioxide present in the air on an
average day in different towns are shown in
Table V—

TABLE V
London  25-7 to 62-2 pts. SO, per million pts, air
Glasgow 209 Lo 28 " )
Hull 459 pts. " ,
Livernool 441, " ,
Newe stle 300, " ,
Stolelens 328, M ,
Southport 147, " ,
Malvern 00, ), ,

This will ultimately descend in the rain as
sulphuric ac'd, causing damage to marble and
limestone +ir-aces.

ARCHITECT'S OFFICE AND ROUTINE

(Continued from page 94)

transferred by a clerk to the day sheets, for the

purpose of obtaining complete records of the’

jobs, and for checking the expenditure thercon
with the fees received therefrom.

Day Sheets. Thesc are virtually very detailed
diary entries of every item in chronological order
respecting cach job. In these are entered the
particulars of all interviews, instructions, corre-
spondence, assistant’s time in the preparation
of drawings, surveys, visits to works, petty
cash expenditure, etc.; in fact, cverything
appertaining to the carrying out of the particular

job.

These sheets are kept posted up by a clerk

who extracts, day by day, items from the
assistant’s diaries, postage hook, and telephone
hook -the report of interviews and instructions
being dictated by the person concerned to a
stenographer, who writes them up. — In this way
a comprchensive record of the progress of the
negotiations, deliberations, and procedure of the
work is kept ; and when “ priced out ” it serves
as a very uscful basis for the preparation of
accounts for professional charges, especially
regarding matters which do not come under a
dircct percentage charge; it also serves as a
very uscful check where the percentage charge
is applicable.
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PLUMBING

By Perey Maxsig, R.P, ARSI,
Honours Silver Medallist

LESSON I
MATERIALS

Properties of Metals. Before proceeding with the
description and source of the various materials
used by the plumber, we must first say a little
about the physical properties of metals.  All
metals possess properties peculiar to themselves
which fit them for many varied and different
purposes.  Briefly outlined, the physical pro-
perties of metals are fenactty, malleability, lustre,
ductility, conductivily, fusibility, and volalility.

Tenacity is the property of offering a resistance
to being torn asunder.  The tensile strength of
amet 1] 1s usually given as the breaking strain in
tons per square inch.  The following list gives
the relative tenacities in tons per square inch of
those metals of most interest to plumbers

Steel . .30 Zine 2
Wrought Iron,  2:  Tin 1}
Copper . .18 Lead 1

[t would be scen from the list that steel would
support 30 times as much as lead, and so on for
the other metals.

A simple practical illustration of tenacity is
shown by the fixing of lead and iron or copper
pipes ;. whilst the fixings for lead must be only
ashort distance apart, those for iron and copper
may be kept at greater distances, owing to the
higher tensile strength of these two metals.

Malleability is the property a metal possesses
which enables it to be hamniered or rolled into
sheets without fracture. The following metals
are given in order of their malleability: gold,
silver, copper, tin, lead, zine, and iron.

Lustre is the property of reflecting light. Most
of the commoner metals very soon tarnish when
exposed, owing to their affinity for oxygen. Tin
is an exception ; we speak of tin as possessing
a very brilliant lustre, and it is not atfected
when exposed to the atmosphere. Large quanti-
ties of iron plate are coated with tin and used in
the manufacture of domestic utensils.  Copper
plates are also coated with tin, and used for
lining sinks and making domestic utensils and
reflectors.

Ductility is the property a metal possesses to
cnable it to be drawn into a fine wire without

fracture.  In their order of ductility the com-
moner metals are iron, copper, zine, tin, and lead.

Conductivity is the property of transmission
by heat or electricity.  All metals are conductors
of heat and clectricity, and placed in their order
are as follows -

Conduction of Heat @ Conduction of Electricity
Copper Copper
Zinc Zinc
Iron Iron
Tin Tin
lead Lead

Fusibility is the property a metal posscstianmiie
being fused or converted to a molten condition.
The fusing or melting points of the common
metals are

Tin . . 4427
Lead . . 617”
Zinc . . 773
Copper . 1,990 "
Cast iron . 2,785 "
Wrought iron 4,000

Volatility is the property whereby a metal
can be volatilized, i.c. converted into vapour.
Specific Gravity mcans the weight of a given
mass when compared with the weight of an
equal mass of water.  For example---
T cub. ft. of lead weighs 710 1b.
I " water ,,  62-51h.

710
62-5
gravity of lead.  The standard of comparison in
IEngland is water, and this is taken as one (unity).

Therefore = 11+36, which is the specific

METALS

LEAD
Properties. Chemical symbol Pb, from the
Latin plumbum. Melting point 617° F.  Specific
gravity 11-36.
Lead is found in Cornwall, Derbyshire, Cum-
berland, also U.S.A. and Spain. It is bluish
grey in colour, soft, and malleab'».  When quite
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new it has a bright lustre, but soon tarnishes
when exposed to the air, owing to the action of
acid vapours and oxygen in the air. It is low
in tenacity and would be of little use where great
strains or stresses were required.  The rate of
expansion and contraction is high, and examples
of this may be seen on lead-covered roofs, where
the changes of temperature, due to the heat of
the sun and the cold of the night, has caused
buckles to appear, which eventually form a rib
and finally a crack. This will be dealt with
more fully under ““ Roof Work.”

Ores. The chief ores of lead are galena, the

blue lead ore; sulphide of lead, @ combination
and Cerussite, a

of lead and sulphur (PbS) ;

desired thickness.  The tail end of the sheet is
then trimmed off, after which the sheet 1s
removed and rolled up.

Milled Sheet Lead is obtained by means
of a milling machine.  The process is as follows:
A cake, or plate, of lead about 7 ft. by 8 ft. and
5in. to 6 in. thick is first cast.  This cast cake
is then pliced by a crane on to the milling
machine.  This consists of two powerful steel
rollers in the centre of a long table; on either
side of these rollers are a series of auxiliary steel
and wood rollers to assist in the movement of
the lead.  The cake, or cast, is placed between
the main rollers ;. the machinery is set in motion,
and the lead is made to pass backwards and

Fire Door
Furnace Door
Access Door
Hearth

. Tap Hole

S Tue
7...Hopper

16, 20,

carbonale of lead composed of lead, carbon, and
oxygen (PhCO,).

Manufacture. The first process is the extrac-
tion of the lead from the ore; this is carried
out by means of a reverberatory furnace (Iig. 20).
The ore is sorted over and placed in the furnace,
where it is roasted in a very fieree heat on the
hearth, after which it is run off into pigs from
the tap hole.  These pigs vary in weight from
1ewt, to 2cewt.; and from these pigs are
obtained the sheet lead and pipe with which we
are more familiar.

Sheet Lead. This may be cither cast or milled.

Cast Sheet Lead is obtained by pouring the
molten lead on to a prepared bed of sand con-
tained in a casting frame (Iig. 27).  The surplus
metal is removed by means of a tool called a
strike ; this is a specially shaped picce of wood,
and so adjusted as to leave the cast sheet the

/
- VI OOD
v/ ’, v, v f
G frf

REVERBERATORY FURNACE

forwards between the rollers. Power is applied
to the latter, which roll or mill the lead down to
the required substance.  The milling machine
is on the principle of a huge mangle.  If very
thin lead is required, two or more sheets are
milled together.

Lead Pipe. The carly method of making lead
pipes consisted of folding sheet lead round a
mandril, and joining it with a fine solder joint
by means of a copper bit, and much praise could
be given for the skilful manner in which some
of these seams were made.  The pipe used at
the present time is, however, made in a hydraulic
press, and is known as solid-drawn lead pipe ;
so also are the lead traps used by the plumber.
Properly speaking, the term drawn is not quite
correct, as the pipe is forced through the machine.
The lead press is cylindrical in form, and fitted
with a steel core and die and a powerful piston.
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The core is of the same diameter as the internal
bore of the pipe to be made, and the die equal
to the external diameter. The lead is run into
the cylinder, the upper portion of which is heated
to keep the Iecad in a semi-molten state.  Pres-
surc is applied to the lower portion of press, and
the piston forces the lead up between the core
and die, from whence it issues in the form of a
pipe. It is then cut off in lengths or wound
round wooden drums to form coils.

I, 27,
CASTING FRAME

Red Lead. This substance is obtained by
heating lead in a current of air, when it combines
with oxygen and forms lead monoxide, or lith-
arge (P’b.0), which has a yellow colour. If this
litharge is further heated in air, it absorbs more
oxygen and is converted into red lead.

White Lead is lead carbonate, a chemical com-
pound of lead, oxygen, and carbon. The Dutch
process of conversion is a good one, though slow
in operation. It consists of placing thin sheets
of lead on end into carthenware jars ; the jars
are partially filled with dilute acctic acid and
covered with spent tan.  Heat is thus produced
by decomposing organic matter and causes the
acid to attack the lead, so converting it into
carbonate of lead. After a few wecks the lead
is taken from the jars and bent to and fro to
release the carbonate, which easily scales off.
The scales are now ground to fine powder in
water, dried, and is the resylting powder known

. . 17 . .
as dry white lead. This 15 now mixed with
linsced oil to make the white lead ready for the
painter and plumber.

COPPER
Properties. Chemical symbol Cu. from cu-
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prum. Melting point 1,996° F.  Specific gravity
8-9.

The chief ores of copper are cuprite, a red
oxide of copper, and copper pyrites, a yellow ore.
They are found in Cornwall, Devonshire, United
States of America, and Australia.

Copper possesses a fine red colour; it is a
tough metal and rather hard. It tarnishes when

exposed to the air, and is a good conductor of
heat and electricity.

Tt is a very ductile and

malleable metal and can be drawn into very
fine wire; also beaten into very thin sheets
and worked into all manner of shapes.

Manufacture. The first process is the extrac-
tion of the copper from the ore ; this is crushed
and washed to free it of as much earth as
possible, and in charges of about 30--40 cwt.
is roasted in a reverberatory furnace on a bed
of sand. When fusion has taken place, the
metal is run out from the tap hole of the furnace
into pigs, after which it is again melted and
refined.  After the refining and purifying pro-
cess is complete, the metal is again run out
into ingots rcady for conversion into various
forms.

Copper forms one of the chief materials used
by the plumber. Copper tubes are now largely
used for water services and hot-water work in
place of iron and lead. It also forms the greatest
proportion in the composition of alloys for valves
and other fittings. Copper nails, tacks, and
clips are used for fixing sheet lead work on roofs.
Copper clips, screws, and fastenings arc used for
fixing the lead-covered steel bars used for patent
roof glazing. It is also largely used as a roof
covering.
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TRAINING AND OPPORTUNITIES

OF AN ARCHITECTURAL STUDENT N

By ProrFessor Beresvorp Prre, M.A,, F.RI.B.A.

PART 1I

FIRST PROGRAMME

Tur first sketch programme may now be
proposed. Leaving school at 17 or 18 years of
age, with a school leaving certificate, university
preliminary examination or matriculation, the
candidate will as the first step enter for a three
years’ course at a university having an archi-
tectural department with a degree course.  This
stage will be concluded when he is 21 with a
degree and studies completed for his qualifica-
tion for the intermediate, or sccond, examination
of the Royal Institute of British Architects.
(The first examination being cquivalent to
matriculation, etc.) Or the first stage may be
taken al a recognized school of architecture, not
’;'% * 1 to a university and thercfore without

~a degree course, but which attains the interme-

diate examination standard in the same period.

The next and sccond stage is that of practical
education in an architect’s office -a different
atmosphere to that of the university or school.
The office selected should be a busy one, and for
the privilege of, at first, being a nuisance, a
premium may be required ; this will ensure also
that the series of designs which have to be made
for admission to the final examination can be
taken in part of the office time--though this is
a doubtful privilege if the work of the office is
engrossing.

This stage will occupy at least two years, and
at the age of 23 the candidate will take the third,
or final, cxamination of the R.I.B.A.

The third and last stage, sitting for the
“final,” is often taken beforc the student is
really finished, and for the reason that he is
packed with examination material rather than
fully ripened ; in this event, he should spend one
year or more as assistant to a clerk of works
upon an important building work : a big job
usually takes a full ycar from start to finish.
Then, if possible, and this may depend upon
savings or upon winning a travelling student-
ship, a year should be devoted to foreign travel,
completing a last stage of two years. Ashalfa
loaf is better than none, six months may serve
if the building job takes a year and a half.

Thus at 25 the fully equipped student may

“sct up ” in practice, having completed a sound
and happy course of seven years’ study, and
stimulated to remain a student all the days of
his life.

Cost. Iior this programme, perhaps the ideal
one, the cost will be that of the university years
and of a moderate premium for the following
first year in an architect’s office, capital being
thus required for four years after leaving school.
I'rom that point only examination fees will have
to be provided, for maintenance will be earned
by salary for services, which should be remunera-
tiv, and enough may be saved, as suggested, to
pay for the foreign travel.

[further capital may be required for a partner-
ship, or if a time of waiting for work ensues upon
setting up in practice; but the student at that
period will be a fully qualified assistant able to
command a living wage sufficient for two.

SECOND PROGRAMME

The second sketch programme covers the
same period of years and undertakes the examin-
ations at the same epochs. It differs in making
the architect’s office the principal ficld of study,
and therefore makes the business of building,
that is, of the production of architecture, the
main element of education.

After leaving school at 18, qualified for the
first examination, only a year is spent in a
school of architecture for elementary training in
drawing and building construction. This will
take the cdge off difficulties when entering an
office and save valuable time. The drawback
of a busy office is that there is neither time nor
teacher available to start the beginner fairly.
His incompetent draughtsmanship is useless,
and his ignorance of construction fatal even in
tracing. One year occupied with the clementary
work of a good school will save more time than
this in officc uscfulness by initiating a standard
of drawing and giving a sense of principle to
construction drawings.

The removal after the first ycar to the atmo-
sphere of real effective working drawings con-
ditioned by actual rather than imaginary build-
ing is not to be regretted. A well-trained
architect will always demand good drawing
from his office staff, and it may be taken as
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ALTERNATIVE SCHEMES FOR AN ARCHITECTURAL STUDENT'S COURSE

FIRST PROGRAMME

Leave school, with qualification for R.LLB.A. Examination I, as prulmtiuncr C
matriculation .

Three years at university h.umg an .nr(lntcctur.\l sC hnol or at a nmgm/c'd
school of architecture.  Course terminating with a degree, and with quali-
fication for R.[.B.A. Intermediate Examination TT .

Two years, at least, in an architect’s office ; with a premium pe rh.lps for hlst
year and as improver for the second ; mulmg with qu.nhfymg for R.T.B.AL
Final Examination 111 .

Two years on building works :\n(l for tmul say 1 l )r\.ns on works nn(l \mr
on foreign travel .

Iit for practice

SECOND PROGRANMMIE

Leave school, with qualification for R.LEB.A. Examination I, as probationer, Years
c.g. matriculation or College of Preceptors Certificate
()nc year in architecture se huul for clementary course or in art .nul tuhnu .-]
classes . .
[Four )L.lh as ;utu]ul pupll with prcminm, in an ullicc. ',l"uking‘ c\'vning
classes-
\ttnd of seccond year taking R.ILB.AL Intermediate Fxamination 11 .o
At end of fourth year t.ll\m" R.LBAL Final Examination 111 il
Two years for building works mul for travel, say 1} years for tormer and § for ”
latter . . . . . . . . . . .
Leave school, with qualification for R.LLB.AD Examination I, e.g. matricula- f
tion or College of Preceptors Certificate . . . . i
In a country architeet’s ofhice as articled pupil, with pr( miunm |
Three years as articled pupil, taking R.LB.ALD Intermediate Examina-
tion 1T at end of third year I
Two years as improver, taking RLB.A. I m.ll I \.nnnmtmn 11 at (‘n(l
One and a half years in a town office
One year on town building works
ITalf a year for foreign travel
Iit for practice
FOURTH PROGRAMMIE
Years

Leave school and take situation as ““ office boy.' .
Five years in office at rmng salary from ros. to /3 per week .
The first two years in cvening le\%(s for matriculation (\.lmmltum tn
qualify as probationer R.1.13. \ Examination I.  The next three vears in
evening classes to prepdre for R.ILBAL Intermediate Examination L
Two years as salaried assistant [ to £35 per week . .
Continuing cvening classes to prepare for R.LIB.A. Tinal Ex alnm‘ltmn Ill
Clerk of works or assistant at increased salary for, say, two years

Fit for practice or for chicf assistant

Age

Age
18

Age
10
21

25
25
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certain that fantastic and undeveloped construe-
tive design will have to be rubbed out and stern
economy and rigid stability insisted upon.

After the preliminary year in an architectural
school, the sccond stage will comprise four years
as an articled pupil, and it may be suggested
that this period may be divided between two
offices for the sake of varied experience.  Four
years will not be too long for pupilage. Probably
it will only suffice for seeing two considerable
commissions carried out from inception to com-
pletion. The intermediate examination should
be undertaken at the end of the second year;
for this examination, regular evening study
will have to be made in preparing the drawings
required as testimonies of study, and by attend-
ance at classes in architectural history and
building construction. Measured drawings will
be made in the vacation and add zest to an
architect’s holiday.

There are great advantages in this parallel
course of practical lay and theoretical and aca-

demical eyening work.  The office drawing im-

M‘:m(l the theoretical is constantly illus-
trated by the practical to the student’s advant-
age, in a manner which is not attained by
dividing the whole course vertically into school
and ollice periods.

The final examination will fall at the end of
the four vears during which professional practice
and the conduct of building works will be
acquired daily, and the preparation of the period-
ical designs required for admission to the exam-
ination will occupy the evenings.

This second sketeh programme will conclude
with the further two years, experience as a clerk
of works and in travelling abroad as described
in the first programme.

Cost. The question of the amount to be paid
as premium for pupilage need not be discussed.
It, of course, depends upon the position of the
architect who undertakes the pupil, but it may
be suggested that the total amount of tuition
fees and school costs per annum represents a fair
premium for an equivalent term in a good office.
[t should be borne in mind that a low premium
for admission to a poor office will seldom prove
to have been a good investment.

THIRD PROGRAMME

A third programme differs materially from
these.  As the preceding courses have each
necessitated a close connection with an educa-
tional centre or university town, it is necessary
to consider the position of the country man
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who, without being in the backwoods, has only
the architectural resources of a town that is not
an cducational centre.  An architect’s country
practice, like the business of a country builder,
has attractions and compensations, for which
the town dweller sighs. In the country, the
successful men who have architectural as well as
social repulations are perhaps not large in
number, 1"y have had to maintain an unfair
battle witl: the tendency to go to London or
Utopia for a qualified architect for all important
jobs. Their success as a rule is well founded
and substantial, but they concern us at present,
because of the satisfactory reputation of the
well-trained all-round men who have been
produced in country offices.  In these offices,
land surveving, clementary engineering for road
making, water supply and drainage, are in-
cluded in their normal practice ; and property
valuation, which includes agriculture in its
purview, has oftn to be dealt with by the
architect.  The recourse to specialists, for quan-
titics, estimates, and for constructional steel-
work, ctc., which is constant in a town office, is
here reduced to the minimum, and resorted to
only for the largest work ; the result is that the
office experience covers a wider arca, and may
be deseribed as healthier, like country life.

The attractions of a good country office
indeed are such, that they ought to be more
frequently  considered by urban parents who
desire for their sons a healthy apprenticeship.

The drawback has to be faced that office
work is not supplemented by evening classes
and lectures in theory and history.  This must
be balanced by definite reading and home study.
Winter evenings in the country provide oppor-
tunities that are long and are less liable to
interruption than in town.

Material for the testimonies of study required
for examinations must be obtained from one or
two folio books, which may be considered to be
expensive but which will ultimately prove most
uscful ; it may be hoped that some will be found
in the office bookcase.

Constructional theory will present little diffi-
culty, the books are plentiful and not dear.
IFor constructional drawing there will be material
in the office.  Measured drawing subjects will be
within reach almost everywhere in England,
and more plentiful in the less advanced com-
mercial centres.

In this coursec of study, three years will
be required as an articled pupil, taking the
R.I.B.A. Intermediate Examination when 21.
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Two further years will follow as an improver
with a salary rising {from nominal to real value,
and the Final Examination taken when 23.

Experience in a London or large town office
would then be advantageous and may be
associated with the supervision of building
works, either as assistant or as clerk of works.
The period may be extended over two years,
and it may include some months for foreign
travel, bringing the course to completion at 25,
before reverting to the original joys of country
life.

Cost. The education cost of this third
programme will be that of the premium paid
at the outset on behalf of an entirelv untrained
pupil.

The old fashioned system, once uniform, of
large premiums for long terms of articles has
fallen into desuctude under the influence of
schools of architecture, but in the country, where
these are not available, a preminm for the first
three years may at least be required.  As
indicated previously, a fair measure will be
obtained by comparison with the gross cost of
school or university fees, without maintenance.
This figure may be taken to be between £50 and
£70 per annum. It may be advisable to provide
for more, both as to money and time. Each
case will stand by itself; the locality and
personality of the architect and the gifts and
cnergy of the pupil, must affect the sum in-
volved.

FOURTH PROGRAMME

The fourth and last programme will deal with
another type of student.  The architect’s office
often has a junior or office boy, recruited mainly
from the public clementary schools, who receives
by means of his daily work an education in
practical business and the dranghtsmanship for
which others cither pay premiums or school
fees large in amount, but for which he is paid
weekly wages.

To supplement the fruits of his observation
and industry in the office, he has at hand the
advantages of State and State-aided technical
institutes and art classes, and while he is under
21 the fees will cost him a very small part of his
earnings.

The enterprising youth will aspire to the
R.I.B.A. examinations, and his first step will be
the completion of his general education in order
to qualify as a probationer on first examination.
Evening continuation classes, which may occupy
two years, will provide what is required. As he
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probably first cntered an office at 16 the first
stage should be passed at 18.

From this point he will, with two years’ office
experience at his back, proceed to the inter-
mediate examination, making full use of evening
classes, at 21.

His final examination will follow in due course
at 23, and his further progress in the profession
will be sccure as a fully qualified assistant.

Assistants. This rising generation of archi-
tects’ assistants, from juuior to senior, con-
stantly recruits the profession with able men.
There is more room for fully qualified assistants
than for young practitioners in a world which
prefers to bestow its more important com-
missions upon leading practitioners. They are
in constant demand by municipal and other
bodies with building departments.  This is a
large ficld, and the quality of its fruit is of
importance to the community. Tts work tends
to specialization and routine, but it should be
constdered as offering to architectural students
opportunitics of achicvement on a large scale.
It also possesses the attractions of adW
secured income, constant employment, and tha
supcrannuation which is a comforting goal to
the unambitious.

A Good Office. A place in a good office con-
ducted by a highly qualified artistic architect
has very great value.  Such an office will have
its own tradition of working drawing draughts-
manship, and ineffective work will not be known.
The industrious pupil, or assistant, in such a
situation, who, in addition, thoroughly enjoys
his mdepondont evening studies, is happily a
paragon who is not rare.

It would be unfair to the architectural profes-
sion to cheapen the cost of its educational
courses, but it would be equally unfair {o gifted
students without financial resources to close the
door of hope.  Happily, perseverance and talent
hold the key. Scholarships for assistance are
available in nearly all the universities, and schools
of architecture and education committees have
many to award, both for day and evening classes.
These all help, but the best advice to any who
have talent, but not money, is to face the situa-
tion sketched in Programme IV and from the
bottom rung persist in reaching the top of the
ladder.

Not a few lcading architects to-day, and
many in the past, have attained cducation and
success without the financial help of parents or
guardians. Character and talent combine to
overcome handicaps and difficulties.






oy

I'hoto by F, R, Yerbury
LIVERPOOL CATHEDRAL
(5401) 10§



THE RELATION OF CONSTRUCTION TO DESIGN

105

THE RELATION OF CONSTRUCTION TO DESIGN

By Prorkssor A. E. Richarpson, F.S.A, F.RILB.A.

AN cminent French architect in the course of a
lecture remarked ‘‘ anything that could not be
constructed was as nought.” This quotation
can be taken as the basis of architectural study,
for it points to the difference between the
fanciful and the real. Before the age of steel,
the art of fine building implied construction
closely allied to architectural character. I
mediaeval times this was most certainly the case,
and in a lessening degree the same regard for
structural properties distinguished certain build-
ings of the Renaissance in every country. But
with the evolution of standard forms of cast and
wrought iron, steel, and latterly, reinforced
concrete, architects began to lose their regard
for the cssentials of a fabric which should be
morally honest and thorough. This assertion,
although general and sweeping, applies to most
of the buildings of the nincteenth century.

NINETEENTH CENTURY BUILDINGS

From the vantage point of to-day, we view
the works of the immediate past as presenting
a curious interest.

Some buildings express structural forms be-
longing to the remote past; other buildings
have iron and steel skeletons masked by external
and internal decoration. The latter buildings
represent in their pictorial form a close study of
historical styles. Such works reveal many
tendencics ; some are frankly copy-hook studies,
others are definite attempts to improve on the
pictorial concepts of the past. It is important
to stress the faults of the buildings of the
nineteenth century in order to understand the
present position. To be bricf, it is now realized
that the nineteenth century was a period of
compromise. The construction of buildings
was sound, but the prejudice for styles, fashions
and modes, retarded the development of a
building system having a value both vital and
lasting. None will deny the achicvement of
English constructors, but the misdirection of
talent, inspired in the first place by the increas-
ing complexities of the age, introduced a line of
thought inimical to the best intcrests of the
scientific art. This tendency towards artifici-
ality of a specious kind fostered scholarship,
it is true; on the other hand, there ensued a

8-~(5461)

disregard of the very quality which raises build-
ing from scenic display to rcal art.

CONSTRUCTION AND DESIGN

Under the old system of two-part design,
architecture weakened. The system of con-
struction considered apart was sound; the
pictorial effect, also a separate issue, pointed to
enthusiasm for an eclectic range : fine building,
however, as a vital issuc was rare. Even to-
day therec arc many who prefer to consider
construction and design as two distinct subjects,
he..ce the lack of imagination, the make believe
and the subterfuges.

It is a little difficult to comprchend the fact,
that designers have not yet risen to the idea
that structurc in three dimensions is superior to
seductions of style and fashion. In a vague
way we all know something of structure, but
our theories are half-hcarted. We scek to
accomplish a national expression in building by
copying the experiments of other countries ;
first admiring the latest buildings fron New
York ; then raving about the architecture of
Sweden, Holland or Spain ; or fruitlessly striv-
ing to imitate the novel forms without inquiring
into che spirit which produced them. With
such illogical methods it cannot be expected of
English building that it will do more than
mirror the faults as well as the triumphs of foreign
achievement ; we have not yet wholly realized
the fact that structure, rightly handled, will
make us independent of serfdom.

SCHOLARSHIP

In architectural training many things are
essential.  Scholarship and a knowledge of the
past is as imperative as the ability to draw and
to express idcas graphically. The study of the
components of construction, of materials and
methods of working, both past and present, is
as important. To these items must be added a
knowledge of the science of planning, which in
turn, connotes almost every type of building in
existence. Then follows a study of the structural
systems of old buildings. Another aspect of the
situation demands some acquaintance with the
technical requirements of different modern
buildings. There are the laws of grouping, of
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the dispositions of voids to solids, the geometric
basis of building arrangement, perspective and
decoration.

Such matters as the foregoing are bound up
with the historical aspect of the art. They are
necessary adjuncts to any theory of evolution
in the deviscment of buildings, bat all such are
subordinate to the principles of three-dimen-
sioned structure. Those who have studied the
masterpicces of building have been impressed
with the philosophy which scems to permeate
cvery part of a well constituted fabric. Con-
struction is found to e indivisible from design,
the plan is an integral part of the edifice, the
scctions accord with the plan and the elevations
express the whole. It will be said we know
this alrecady ; we do, but with a difference, for
present-day work lacks the imaginative quality
which is never absent from fine building. The
real point is that, however plans may be
schemed on the horizontal plane, they fall
short of the ideal if the structure is deprived of
construction that is imaginative.

ANATOMY OF ARCHITECTURE

The real weakness to-day is the failure to
understand how the components of construction
can be assembled to accord with the require-
ments of structure. In other words, few realize
how to structurally modify their designs. It
cannot be said that this aspect of building has
yet been grasped by modern architects in any
country. Here and there we encounter isolated
attempts to overcome what might be termed the
designer’s chicf bugbear, and such adventure is
welcome ; there is a great difference, however,
between real building and straining after cffects
which are merely novel.

To put the case in the briefest manner, we
can proceed to discuss the very bones of archi-
tecture.  The first consideration is the plan,
the projection of which belongs entirely to the
province of the architect. The character of
the plan is determined by the site, by the
conditions which demand the building to be of
a specific type, and by questions of cconomy.
The actual internal spacing of the plan, the
geometrical lay-out, and the points of support,
are in turn influenced by the designer’s acquaint-
ance with systems of planning employed in
similar cases.  The nature of the material to be
used for the fabric influences the thickness of
the walls; the system of covering over the
spaces indicates the mass of the points of
support. A plan in the embryonic stage begets
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ideas. It is an idea in itself, and from this can
be deduced a structural system which, while
imaginative and free, will be adventurous and
sane. The ultimate fairing of the building
within and without, if rightly considered, must
be sympathetic to the fabric.

There is little more to be said. The de-
signer’s knowledge of tradition will inspire con-
fidence and emulation. His task is to be
reasonable and skilful; not to display his
knowledge of the past styles; and not to spoil
the fabric by giving it an exterior mask foreign
to its purpose, or an expression needing labels
and decorations to make the meaning clear to
the man in the street. Fine building is not a
culture that can be forced by external applica-
tions, neither can it be developed entirely by
pedantry.

It is characteristic of the present age to
demand novelty of form in building as well as
in the other arts. There is to-day much loose
talk regarding the way a new development can
be furthered. A little reflection should show
the futility of expecting any reasonable improve-
ment to come from experimenting with surface
differences. The truth lics deeper than archi-
tectural decoration ; it cannot be masked by
ingenious face values which are unrelated to the
anatomy of structure.

DOMESTIC WORK AND REGIONAL
MATERIALS

If we proceed with our inquiry into present-
day conditions of building, we find two main
scctions into which the art is grouped. Iirst
comes the domestic aspect, which includes the
whole range of the housing question—from
cottages, farm buildings, and small holdings, to
houses of large type. Architects arc realizing
the importance of regional materials, and this
factor 1s bringing about a closer relationship
between construction and design.  The country
can be divided into two parts for the purpose of
this summary. There are, for example, the
brick and tile districts, and the stonc and slate
districts. The actual treatment of these
materials in each case varies according to
tradition and local custom. The regional
traits, in turn, vary from county to county, and
almost from village to village. The character
of English domestic architecture inheres as
much 1n the observance of the value of local
materials as it does on the ability of the indi-
vidual designer. The structural quality, there-
fore, on this showing has never quite lost its full
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force, so far as small buildings arc concerned.
The introduction of substitute materials on the
other hand docs not wholly satisfy, the sole
cxception being concrete, which can be faired
with cement or rough cast in accordance with
custom that is centurics old.

For domestic work the traditional methods
have a double import. There is scope for
development and novelty without risk of sacri-
ficing the amenities of the countryside. Non-
observance of regional and structural principles
in this regard results in the nondescript.  Under
the latter category can be classed the ridiculous
bungalows and cottages of recent growth.
Thesec are despicable. In the province of
present-day ecclesiastical architecture the struc-
tural law is to some extent observed, and at
this juncture it will be opportunc to state the
nature of that law.

THE STRUCTURAL LAW

Structure is the modelling of the fabric of the
building to form one complete whole. It is in-
dependent of style and fashion ; it is distinct
from crude building : it can be defined as a
systematic evolution of an idea from the em-
bryonic stage to the finished exterior. The
structural law itself modifics the idea in cvery
part. Put bricfly it can be defined as the
imaginative assembling of components. The
law itself demands a high moral standard. In
other words, cvery part of a building must have
a reason to be.

Reverting to ecclesiastical architecture, it can
be said that if modern church buildings were a
little less Gothic in their minor parts they would
be the nearer to the ideal of fine building.
Knock off the crockets, the finials and the copy-
book motives, and you can visualize the theory.
Church buildings can be constructed of brick or
stone, in masses, of concrete in masses, or of
reinforced concrete. If the latter method is
employed there will be a certain loss of the
perspective quality to which we are at present
accustomed. But therc is no reason why de-
signers and the public should not in time become
accustomed to this system of construction.

CIVIC AND COMMERCIAL
ARCHITECTURE

Present-day architecture fails most on the civic
and commercial architecture side. Here are to be
found the most blatant shams and subterfuges.
Plans unrelated to sections; elevations con-
sisting of columns masking badly lit interiors ;
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steep roofs, domes and attics introduced into
the building without any structural reason.
The invertebrate state of this division of building
has resulted from oversight on the part of
architects towards the adjustment of construc-
tion to structure. Buildings of the civic and
commercial type more often than not are
schemed as compositions rather than as integral
structures. All the faults of the Renaissance
have been copied and magnified most ignobly.
To be brief, we have been demoralized by a
desire for pictorial display totally divorced from
the conditions of our own time. Hence the
giant order, which serves no structural purpose,
the avalanche of stone carricd above sheets of
plate-glass, and the blaze of loose decoration
which accompanies such shams. Such works
ar: devoid of reason; they represent con-
fecdonery of an insipid and cloying kind, which
is not even worthy to rank as furnishing. Steel-
work, in a measure, is responsible for the mad-
ness which Lias enveloped architectural sense.
The case with which, by the aid of steel, large
spaces can be spanned and covered has not been
carried to u logical conclusion in other parts of
buildings, particularly the external expression.
In this particular branch of practice is re-
vealed the weakness of present-day thought.
We have the consolation of knowing that steel-
work for construction is both cconomical and
expeditious to handle.  We must recognize the
truth that for many years to come it will be an
important factor in building. The steel skele-
ton, with its slight points of support, to-day
takes the place of the masses of material which
were at one time consistent with contemporary
methods. A steel-framed building has to be
faired with brick or stone. TIf this procedure is
carried out logically, without any attempt at
falsity, the result can be accepted as satisfying
the structural law : the building is constructed
of stecl, it is vencered with another material.
The main theory of three-dimensioned structure
is unaffected by the nature of the components.
All that is asked of an architect is that he
should show skill in assembling the construc-
tional components in an imaginative way ; that
he should invent with reason, and that he should
employ his knowledge of the whole theory of
historical architecture in the right way. The
application of the features of the dead styles to
a steel-framed building, or for that matter, to
any type of building, reduces the work to the
status of insipid reproduction. Tradition in
the devisement of buildings has its uses, but
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reason is more important. LFrom the foregoing
can be deduced the axiom that civic archi-
tecture demands more adventure than is the
case with domestic work.  Design, in its catho-
lic aspect, is the logical expression of construc-
tion tempered with artistic finesse.

ARCHITECTURAL PRINCIPLES

The first step towards unravelling the tangled
skein of architectural theory is to allocate
the different attributes which make up a
design. To a rcasoned way of thinking the
following summary most ncarly suggests the
procedure—

1. Cause governs cffect.

2. The site determines the block of the build-
ing.

3. The conditions which demand the build-
ing indicate the lines on which the plan must
develop.

(@) The plan which results from the fulfilment
of the foregoing passes through three stages.
These are, respectively, the embryonic stage,
when the internal spaces are in process of
formation about the axes, the structural stage,
when the points of structure amplify the cellular
disposition, the vertical development, forecast-
ing the sections and the clevations.

(8) The structure thus schemed in  three
dimensions must be further modified.  First,
there is the necessity for re-studying the struc-
tural accents of the plan and for experimenting
with forms of construction which, while imagina-
tive, are closely allicd to the nucleus of the
fabric. Secondly, it is imperative to use the
technical conditions ruling the proposed building
as useful factors of resistance in the fulfilment of
a design.

(¢) The forms of architecture associated with
the age old story of building may be regarded
as constants. These are the beam and support,
the arch, the vault, the dome, and the pyramid.
There are, as is well known, many variants of
these forms.

(d) The next issue is that of geometry, which
can be defined as the structure of form.  Most
architects are geometricians by intuition, others
have a more scientific grasp of the mathematical
aspects of the subject., Pure form, however,
cannot be developed in buildings without the
mental scaffolding of geometry.

(¢) Imaginative construction, which should
be so closely related to design that it is indis-
tinguishable from it, has not yet been investi-
gated as it deserves to be. Put briefly, this
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implies the ability to reconstruct the known
forms of architecture, that is, the beam, the-
support, the arch, the vault, the dome, and the
pyramid, in stecl, concrete, or for that matter
any material, with a greater regard for economy
as well as vital cexpression. In other words,
while the clements of form in an abstract sense
are constants, the modern system of handling
materials introduces a revision of theory in all
that pertains to their realization as features of
structure.

THREE-DIMENSIONED STRUCTURE

It is often argued that ancient architecture to
some cxtent supplies the forms ; this is inevit-
able, but modern conditions of building have
introduced a system of mechanics which affects
these forms statically. 1t is belicved that in
time constructive skill will succeed in altering
old forms, but the process will be gradual and
its results collective.

It will be scen, therefore, that in all that
pertains to construction and design, there is
plenty of scope for adventure in the devisement
of assembled components which will eventually
become new constructive forms.

Any analysis of design procedure is bound to
lead into a labyrinth.  To be brief, the devise-
ment of buildings in the past century has been
overshadowed by the pictorial sense rather than
aided by the instinct for structure. The con-
cept of a building ~the presentiment, the idea,
or, in other words, the castle in the air —arises
in the mind of the designer at the earliest stage
of the procedure. This is explanatory of the
fact that so many architects are prone to begin
with elevations first, and endeavour to fit a plan
within a predetermined elevation without regard
to the sections or the structural attributes.
History affords so many building images, style
and fashion are together so imperative, that the
very essentials of building are allowed to gravi-
tate. LTor this reason the theory of design
needs immediate revision. A plan considered
on the horizontal plane may be excellent in its
dispositions, the sections considered piccemeal
may be satisfactory as internal elevations, the
external expression may represent scholarship.
But if the structure is loosely knit together by
construction that is adventitious, the building
as a coherent structure will be still-born.

In the foregoing, it has been endeavoured to
show that present-day building in some aspects,
instead of being three-dimensioned structure, is

(Continued on page 1306)
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By T. Corkurr, F.BLC.C., M.IStRUCT.E., Double Medallist

LESSON 11
SAWS

Cross-cut Saw. The ““ cross-cut,” or hand saw,
has the position amongst saws that the jack
planc has amongst planes. It is intended for
cutting across the grain, but it is often used
with the grain as well, and many carpenters use
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IF1G. 32, CROSS-CUT Saw

it for ncarly all purposes.  The saw is usually
about 26 in. long, and has about 6 points of the
teeth to the inch.  TFig. 32 shows an American
pattern.  The English pattern has a straight
back. The hollow back is supposed to have a

Fra. 330 Using Rip Saw

better appearance and 1o give a better clearance
in the cut. The clearance, however, depends
upon the set of the saw, and all blades are
thinner at the back to assist the clearance ; so
that the Inglish pattern is as satisfactory as the
American for practical purposes, except that it
is heavier. The best quality saws are of silver
spring steel, and should spring back to the
original shape, no matter how they may be
bent. The handle is made of beech or apple-

wood, and it is fixed to the blade by brass screw
rivets.  Once a saw is buckled by carcless hand-
ling, that is, it has assumed a permanently bent
shape, it is uscless for good work ; but if the
saw is of good quality it can be hammered
straight again by the makers.

Rip Saws. The rip saw is very similar to the
cross-cut except for the size and shape of the

I'1G. 34. Cross-cut SAw TEETH

teeth,  These are usually four points to the inch,
and have a different cutting action.  The saw is
usually 28 in. long, and is used only for cutting
along the grain as shown in IYig. 33. Tt does not
require so much sef as the hand saw.

Panel Saws. This is a small cross-cut, about
20 in. long, and having 10 points to the inch.
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I1G. 35. Rip Saw TEETH

It is very useful for bench work, and for taking
the place of the tenon saw where it is necessary
to cut through wide stuff, such as panels, etc.

Sharpening. The cross-cut and panel saws
have their teeth sharpened in the same way, as
shown in Fig. 34. The triangular file is held
higher at the back, and also sloping towards
the handle at the back. This brings the teeth
to a pin point.  The rip saw teeth are more like
chisels at the point, as shown in I'ig. 35. '

In this case the file is held nearly level, and
nearly square to the saw; but it has a little
inclination towards the handle at the back. The
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difference in the angles is shown in the illustra-
tion. The alternate tceth a are sharpened from
one side ; the saw is then turned round and the
intermediate tecth & are sharpened.

Before sharpening, the teeth are levelled, or
breasted, then sct, and finally sharpened. Fig. 36
shows the usual device for levelling the saw
teeth. A flat file is let into a piece of wood and

I'tg. 36. LeVELLING SAw TEETH
held secure by a wedge. The file is then run
along the teeth of the saw.

Setting. A convenient typc of saw-set is
shown in Fig. 37. The saw is placed between
the set screw a and the pad b, both of which arc
adjusted to give the required set. By squeezing
together the handles, the plunger p is pressed
forward to force over cach alternate tooth in
turn. The saw is then turned round and the
intermediate tecth are pressed over in the
opposite direction. An expert saw sharpencr
uses a hammer and sef; and sometimes the
joiner uses a hammer and nail punch, with the
saw resting on a hardwood block. Both of
these methods require skill to keep the set
equal throughout the two sides. If the set is
greater on one side than the other, the saw will

I1G. 37. Saw SkEr

run when being used, that is, therc will be a
difficulty in cutting to the lines. The rip saw
does not require so much set as the cross-cut.
When the saw is set it is placed in a pair of
saw chops to be sharpened. Fig. 38 illustrates
the usual type of hand-made saw chops, because
it is convenient for outside workers; a similar
device is made to fit in the vice for shop use. A
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metal vice, very easy to manipulate, is shown in
Fig. 39. _ )

There are various methods of sharpening cross-
cuts other than the one shown in Fig. 34, though
that gives the best results for general work.
For quick cutting in soft woods the peg-footh and
Sflame, or fleme, tooth arc very good, but they are
of very little use for hardwoods, and they arc
casily damaged.

Use of Saw. The method of using the rip
saw is shown in Fig. 33. The teeth edge is held
nearly vertical; the usual angle is about
80 degrees with the stuff. For cross-cutting,
however, the teeth edge is held at an angle of
about 45 degrees with the stuff, as shown in
Fig. 40. When cross-cutting heavy or long
stuff, the sawyer generally holds the piece a, and
picce & is balanced on the saw block. If it
weighs down at the back it is liable to split
away before the cut is completed. The saw
should be pulled upwards once or twice to start
the cut; otherwise the saw will jump and
probably cut the operator’s thumb, which is
used to guide the saw as shown in Fig. 33.

Tenon Saw. The tenon saw, Fig. 41, is used
for finer work than the cross-cut or panel saw,
but the tecth arc sharpened in the same way,
except that they are a little more vertical. Itis
usually about 14 in. long, with I0 or 12 points to
theinch. As the blade is very thin it is strength-
cned by a back, which may be of brass or steel,
the better qualities being of brass.

The Dovetail Saw, Fig. 42, is for finer work still
and has an open handle. It isabout 10 in. long,
with about 14 points per inch. If cither the
tenon or dovetail saw is buckled, it may be
straightencd by tapping the top edge of the back
with the hammer.

Other Varieties. Curved work requires a
different type of saw, and Fig. 43 shows a bow
saw, or turning saw, which is specially adapted
for cutting open curves. The frame, which is
usually beechwood, consists of three parts. The
bar a is stub-tenoncd into the sides d. The
saw s is fixed in the handles by a small pin p at
cach end, and is then tightened by means of the
lever b. By turning the lever the double string ¢
is twisted and so shortened. This pulls the
ends of the sides together at the top, thus
stretching the saw on the other side of the
fulcrum bar a. The usual length of the saw is
about 12 in.

For closed curves it is necessary to use a fine
saw as shown in Fig. 44 or Fig. 45. The
former is called a keyhole, or pad, saw. In the
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illustration the saw is inside the handle to
protect it whilst not in use. When it is required
the screws are slackened and the saw is pulled
out to the required distance and then fixed by
the screws a.

Fig. 45 shows a compass saw, which is used for
bigger work than the pad saw. Sometimes the
blade is slotted to push into the handle, and is
then fixed by the screws. There are usually
three blades, of different sizes, to this type of
saw.

A very useful saw for fine curves, scribings,
etc., is the American coping saw. It is similar
to a small fret saw; the blades are easily
inserted and the tension is taken up by turning
the handle. The blades are very cheap and
are discarded when dull.

CHISELS, etc.

Firmer Chisel. The ordinary type of chisel
used by the joiner is the firmer chisel shown in
Fig. 46. The steel blade b has a tang ¢ (Fig. 47),
to fix into the handle, and a shoulder s to with-
stand the use of the mallet. A brass ferrule f
prevents the tang from splitting the handle. If
the blade is loose in the handle, it should be
packed with a shaving and put in with damp
salt ; this corrodes the tang sufficiently to fix
the blade sccurely. The blade is ground and
sharpened in the same way as the plane irons
(see Workshop Practice).

A Bevelled-edge Chisel is shown in Fig. 47.
This is used for more delicate work than the
firmer chisel ; the blade is not so strong and is
genetally confined to hand work, without the
mallet. Both the firmer and bevelled-edge
chisels may be obtained from ;in. to 2 in.
wide, the smaller sizes rising in ', in. and the
larger sizes rising in }in. Chisel handles are
made of ash, beech, or box.

Paring Chisels arc about twice the length of
those just described and may have ecither
bevelled or square edges. They are useful for
deep mortises.

Socket Chisels, Fig. 49, are used for heavy
work. They are made of cast-steel, and the
wooden handle is fitted into the socket of the
handle s. They may be obtained in sizes from
}in. to 2 in. wide.

Mortise Chisels, as the name suggests, are used
for mortising. Fig. 48 shows the usual type.
The blade is very strong and thicksr than it
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is wide, so that it will stand the leverage
when mortising. It is generally made of soft
steel faced with tool steel so that it is easy to
grind.

Other Varieties. Pocket, or sash, chisels, Fig.
50, have a wide and very thin blade. The blade
is sharpened on both sides, and is used for
cutting the pockets in pulley stiles for sash
frames,

A drawer lock chisel is shown in Fig. 51. Itis
used for the mortisc in the rail which receives
the bolt of the drawer lock.

The swan-neck, or mortise lock, chisel, Fig. 52,
is used for mortising the door stile and rail to
receive the mortise lock. The mortise should
be first bored with a brace and bit, sufficiently
large to take the barrel of the lock. The swan-
neck is then used to lever out the core, especially
in the end of the rail. Like the socket chisel, a
wooden handle is fitted into the socket.

Gouges. Gouges arc really curved chisels and
may be obtained from } in. upwards, similarly
to chisels. Fig. 53 shows an outside ground
gouge, and is the usual type for heavy work.
For paring and scribing, an inside ground gouge
is generally used. These require more careful
handling than the outside ground type because
they snip very easily.

There are many other forms of chisels and
gouges, but they are gencrally considered as
carving or turning tools. The bent gouges, how-
ever, arc useful to the joiner for curved work,
such as the inside of a wreathed handrail. A
V-shaped tool is useful for similar purposes.

Miscellaneous Cutting Tools. The draw-knife,
Tig. 54, is uscful for reducing the width of
boards where the waste wood is of no value. It
is also useful for chamfering. The bevel is held
downwards to prevent the wood from splitting
along the grain or the knife going too deep.
The stuff is held in the vice when using the draw-
knife.

I'ig. 55 shows the usual pattern of joiner’s
axe. This is uscful cither as a cutting tool, or as
a percussion tool. It is used mostly for making
wedges and driving them home; or for the
same purposes as the draw-knife where no vice
is available. It is very useful for chopping the
under edge of skirting boards when scribing to
the floor. The carpenter looks upon it as the
most serviceable tool in his kit, both as a cutting
tool and for heavy driving.
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BUILDER’S OFFICE AND ROUTINE

By R. I' GaLsratth, B.Sc.

PART 11
OFFICE STAFF AND DUTIES

The following” departments or scctions must be

staffed—

Management, 1o deal with all questions of
organization and routine and to supervise the
whole of the work of the busines.

General Office.

Surveyors and Estimators, to undertake the
preparation of estimates and to adjust variations
that occur during the course of a contract.

Buying, to undertake all purchases made.

Accountant and Cashier, to keep the various
financial books of the company and make the
necessary payment.

MANAGEMENT

The management is usually undertaken by a
board of dircctors and a secretary in the case of
a limited company, or by the owners or partners,

or else by a manager in the case of an unlimited
company.

In addition to the ordinary dutics of manage-
ment, the correspondence of the firm, the
arrangement of finance, the co-operation with
architects and supervisors of the various con-
tracts and jobs, special duties are imposed by
law on the secretary or owner of a business.

Form “I¢” must be filed with the Registrar
at Somerset House thirty days after the annual
gencral meeting of a limited company. Particu-
lars of the share capital issucd, debentures and
loans, are required, as well as the names and
addresses of the director of the company and all
shareholders. A fee of 55. must be paid on each
form.

Income Tax. A yearly return of the salaries
and bonuses to be paid to all employees other
than manual wage carners, and a half-yearly
return of the actual wages and bonuses paid to
all manual workers earning over £75 per half-
year, must be made to the Inspector

TIME SHEET of - oo .. 75, L of Taxes by the sccretary or owner.
WEEK ENDING — = — — . Aro ... A return of the profits earned by the
TRADE _._.__._.__. business must be made annually on the
_ appropriate form. This is usually pre-
- ] “~ T & pared by the auditor after preparing
) /%/ \ the balance sheet.
STAgRTIS ] In connection with the assessment

MON.

of profit for income tax, certain ques-
tions will be raised by H.M. Inspector
of Taxes. The basis of valuation of

RCTUR TrIVE SPn)

stock, amounts included for repairs
and materials, and similar questions,
will have to be certified. The answers
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to these questions are usually best
answered after consultation with the
auditor.

Census of Production. Periodically

T8

THURS.
y

a census of production is taken by the
Board of Trade. Various details as
to output and production have to be
answered.

FRIDAY
|

DESCRIPTION OF IWONN

GENERAL OFFICE

TOTAL HOURS

The following duties and items of
routine are undertaken by the general

I'tc. 1. TIME SHEET

office staff.



BUILDER’S OFFICE AND ROUTINE

Time-keeping. Time-keeping at works. A
check must be kept of the actual hours worked
by each workman; the time spent on each
“job” or “operation” must be separated,
usually by means of time sheets. The number
of hours worked is entered every day in a time
book ; and at the end of the week, after check-
ing against the time shcets, the total number
of hours worked by each man can be arrived at
and the total gross wages obtained. A deduc-
tion must be made from the gross wages for
uncmployment and health insurance.
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at the end of the week to the office, and the
other copy is signed and returned to the carman.

Materials delivered by merchants are also
accompanied by a delivery note, and it is only
by means of these delivery notes that invoices
can be properly checked. Delivery notes should
be filed under “ jobs,” in preference to alpha-
betical filing.

Advice Notes. Goods dispatched by train are
usually ““advised ” by post, giving details of
quantity and the nature, station consigned to,
and whether carriage paid or carriage forward.
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Time Sheets. Kach workman must fill in a The details should be checked on receipt of

time sheet, Fig. 1, at the end of each week,
showing the actual time worked on each job
and in what manner he was employed.

Filing Letters, etc. All letters, invoices,
accounts, delivery tickets, ctc., should be filed
after they bave been answered, or the necessary
details entered through the various “ books "
of the builder. This duty should be performed
regularly and promptly, in order that a particu-
lar paper required may be found in the correct
file when required.

Delivery Tickets. All plant and material
delivered to a job from the yard should be
accompanied by a delivery ticket, stating
quantity, size, and description of the goods.
It is usual to send the ticket in duplicate form,
one copy being retained on the job and returned

goods and any difference reported immediately.

Invoices. Invoices, showing the quantity,
quality, price, and total cost of goods supplied,
or work done, are sent to the builder a few days
after the goods have been delivered. The
total cost of the goods is entered in the purchase
journal by the accountant, and the invoices
arc checked against the delivery ticket, to see
that the goods charged for have been delivered.
The price should be checked by the order issued
by the buying departments and the working out
of the cost checked. Any error should immedi-
ately be dealt with, and the invoice returned for
correction. Invoices for goods supplied or work
done by the builder should be prepared as soon as
possible after the job is complete. The sur-
veyors should supply the necessary details, or
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supervise the preparation of these invoices, from
the delivery tickets or prime cost journals.

Prime Cost. The expression ““ prime cost ”
means the actual cost of producing a particular
article or picce of work. The prime cost of
joinery, which is the builder’s chief concern,
should include cost of materials, wages, iron-
mongery, and establishment charges, to cover
cost of rent, rates, water, power, and super-
vision. Establishment charges are usually added
in the form of a percentage of the labour costs.
The percentage varies between 20 to 30 per cent,
according to the naturc of the work usually
undertaken.

Probably the best way to ascertain the
“prime cost” of joinery is to allocate cach
“job” a distinguishing number. The dis-
tinguishing number would be used on all
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occasions ; the workmen would mark his time
sheet with the job number ; the materials used
are booked under it; and, when the job is
finally delivered, the job number is marked on
the ticket.  All the costs in connection with the
job are collected into a prime cost journal, as
shown in Fig. 2.

The labour costs are obtained from a dissec-
tion of the wages, and the materials from the
shop foreman’s book, in which full details
are given of each piece of timber used, and
quantitics of screws, glue, ctc. The prime
cost of stonecwork can be obtained in a similar
manner, but the percentage for establishment
costs will have to be varied to suit altered
conditions.

The prime cost of manufacturers’ goods is
transferred to the general cost of the contract.

MASONRY

By L. G. WARLAND

Instructor in Masonry at the 1.
LESSON III

QUARRYING

Methods of Quarrying. Quarrying for stone
differs in various parts of the country, cach
district having its own methods of obtaining the
rock which it considers the best for the particu-
lar kind of stonc. In some districts electric and
pneumatic drilling machines are used, and the
huge masses are scparated by dlasting ; in others,
methods which were in existence centuries ago are
still in use, and the stones arc obtained entirely
by hand labour, these methods having proved
most suitable for the production of the stone.
All sedimentary rocks, having been deposited
in layers or strata, have natural divisions be-
tween them. These are termed “ risings ” in
some districts. The ‘ risings,” together with
natural vertical joints and fissures which divide
the mass, are of great assistance in the quarry-
ing operations. Photographs illustrating the
methods of quarrying of a few stones used in
building are given, together with a short descrip-
tion of the local quarrying methods. Figs. 3
and 4 arc descriptive of a Portland stone quarry.

.C.C. School of Building, Brixton

PORTLAND STONE (QUARRYING

This oolitic limestone has practically changed
the appearance of London, and has been intro-
duced into many provincial towns. It has been
used for war memorials all over the country.
The stone is quarried in the little peninsula
jutting out into the Lnglish Channel from the
coast of Dorset.  Sir Christopher Wren quarried
here for the material for his masterpicce, St.
Paul’s Cathedral, from 1675-1717. He selected
the ““ Fast cliff” at the northern end of the
island for his quarrying operations, where the
stone was exposed owing to a landslide, and by
so doing was relicved of the necessity of trans-
porting the superimposed Purbeck beds, or
rubble, which in places are forty feet deep. For
some years now quarrying operations have com-
menced inland and from the top surface, which
entails an immense amount of labour in clearing
the site down to the Portland beds, ready for
quarrying the marketable stone. From the
scection shown in Fig. 5 of one of the Bath and
Portland Stone Firm’s quarrics, a general idea
of the composition of the strata comprising the
rubble and cap of the Purbeck beds can be
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F1G. 3. Porrrann Sroxg: PerryriEnn Quarry
Showing depth of stone compared with

the amount of waste or rubble
By kind permssion of The Bath & P

ortland Stone Pirms, Lid., Bath
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Fic. 4. PortLanD QUARRY : CLOSE-UP VIEW oF BEDS oF STONE
Showing the method of cutting the blocks from the strata
By kind permission of The Bath & Portland Stone Firms, Ltd., Bath
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obtained, although in each district there is some
difference in the way the deposits are arranged.
There is a thin layer of soil averaging 1 ft.
deep, then a bed of shivered stone, or slat, from
3 ft. to 8 ft. deep; this slat can be split into
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SHINGLE
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BOTTOM
RUBBLE AND
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=1 SOFI BURR
_DIRT BED
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UNATTACHED
3| ROACH

*| " arracneo

WHIT BED

| CURF AND ROACH
BASE BED

W FLINT, SHIVERED
1 STONE AND
PORTLAND SAND

TypICcAL SECTION THROUGH A PORTLAND
QUARRY

Fia. 5.

quite thin slabs. A tier, or layer of clay, is
next, but is entirely abSent in some districts.
Then another bed of slat avcraging 3 ft. 6 in.
deep is reached ; this is composed of a compact
hard limestone useless for building purposes.
Next we come to threc thin layers, which in
order are termed Bacon tier, Aish, and Soft
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burr. Under these is the Dirt bed, which is.of
great interest to geologists. This bed contains
numerous trunks of silicified trees, proving this
layer to have been at one time at the surface and
covered with a dense forest.

Immediatcly under the Dirt bed is the Top
cap, which varics in its structure but is chicfly
a very compact mass of stone 6 ft. to 8 ft.
decp; it has to be removed by blasting.
Although it is a compact hard stone 1t 1s quite
unsuitable for building purposes, and except
that it has been used occasionally for marine
construction such as breakwaters, etc., it is a
waste product. The last bed of the *“ Purbeck
stone ”’ is the Skull cap about 3 ft. deep, also a
waste product, which in turn lies upon the
Portland beds.

It will be noticed from this description, that
an cnormous amount of waste material must be
transported to another part before any market-
able stone can be obtained. Indced, this does
not complete the sum of the waste material, for
the Roach bed upon which energy must also be
expended, is again not suitable for general build-
ing purposes, being a very porous stone and full
of cavities formed by the moulds of shell fish,
etc. It has been used for rock-faced work for
plinths, ctc., and is well suited for that class of
work. It has also been used for marine con-
struction, but there is no great demand for it ;
hence the major portion becomes a mass of
waste to be removed and deposited with the
rest of the rubble. The Roach is akbout
2 ft. 6 in. in depth, and is usually attached to
the Whit bed ; this contains the stone which is
in such great demand for external work of every
description. This bed varies from 3 ft. to ro ft.
deep, and is gencrally of a light brown colour,
containing numerous shells which lend a varia-
tion and charm to the finished stone; some
architects object to these shells showing in the
finished faces.

Under the Whit bed is often a tier of flint and
rubble which has to be removed. We then
come to curf, which is sometimes attached to the
Base, or Best, bed. This bed varies in thick-
ness and quality. It is a nice white, clean, and
even-grained stone, often softer than Whit bed.
Usually, if a good dcep W kit bed is obtained, the
Best bed is rather poor, and if the Whit bed is
thin and of poor quality, a very good deep hard
Best bed is usual. It is then excellent for
monumental and building purposes and will with-
stand the atmosphere of towns remarkably well.

When the Roach bed is reached, natural
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vertical joints appear, dividing the mass of rock
into huge blocks. These joints are named by
the quarrymen according to the dircction they
run, such as Southers, East-wester, North-easter,
North-westers, or Raingers. Large fissures,
termed by the quarrymen gullies, run approxi-
mately ‘“ Southern.” They are from 6 in. to
2 ft. wide, and from 7o ft. to qo ft. apart. Itis
from these gullies that the quarrymen work,
starting from the gully on the left, and moving
towards the gully on the right, so that the rock
frees itself ; the huge blocks of stone are reamed
or wedged away from the natural joints ; slots
are cut half on each side of the joint, and pigs
are inserted. P’igs arc pieces of iron 15in. X 61in.
x 3in. These are placed face to face, 2 or 3 ft.
apart, and large wedges are driven down between
the pigs. The wedges are cach struck with a
sledge hammer at the same time until the joint
opens. This process is termed reaming the rock.
The blocks are also lifted from the 7isings, which
are the horizontal divisions of the stratum. If
the rising is too far down, the blocks are
lifted through a bed of shells called a Cockle bed,
through which the stone will split readily. A
groove is cut with the twible or pick. Scales and
small wedges arc inserted close together in the
groove, as shown in Fig. 4; the wedges are
struck with the hammer, thus causing the block
to split along its bed.

The blocks when reamed weigh anything up
to 100 tons. When the blocks are cut they are
squared up with the cavi/, an instrument 6 Ib. to
18 Ib. in weight, and hammer faced at one end
(with surface slightly concave) and pointed or
broached at the other. They are then axed over.
After the stones are roughly squared they are
measured, and the cubical contents, together
with the number and trade-mark, is painted on
them at the same time.

The quarrymen are paid according to the
cubical contents of the block measured, and the
railway companies accept the marked measure-
ment for rail charges.

The blocks are lifted by the cranes on to
trollies and hauled direct out of the quarrics by
traction engines to the railway sidings, or loaded
direct into railway trucks from the quarry. A
large quantity of block stone is conveyed by
means of an inclined railway to the loading pier,
and shipped into barges.

ABERDEEN GRANITE QUARRYING

The granites found in the immediate vicinity
of Aberdeen are grey, and include Sclattie,
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Rubislaw, and Kemnay. The red granite comes
from Peterhead, which is thirty miles farther
north. These districts supply a building and
ornamental material unsurpassed for beauty and
durability.

The quarries arc from 800 to 1,000 ft. long, by
400 to 600 ft. wide, and 300 to 400 ft. deep,
which increases year by year.

The quarrying operations have a tendency to
deepen rather than to expand, owing to the fact
that the overburden of boulder clay and sand,
and top rock, which extends from 5 to 2o ft. deep,
is very costly to remove.

The granite for commercial use is found in
isolated masses divided by ‘“bars’ of very
inferior rock and by natural vertical joints;
usually, these “ bars " lessen in extent, and the
quality and texture of the granite improves as
the quarry deepens.

The quarrics are deepened by sinking a shaft
about 4o ft. in a corner, and the quarryman
always tries to take advantage of some inclined
vertical joints which will facilitate the blasting
out of the shaft. When the hole is made big
enough a sump is formed, and a powerful pump
is installed for draining the quarry; during a
wet period as much as 50 tons of water per day
may have to be pumped out. The pump is a
vital unit in big deep quarries, and is, therefore,
very carefully protected against accidents during
blasting operations.

After the sump is formed the new dip is then
worked outwards across the whole floor of the
quarry, the direction being determined by the
natural vertical joints. As the dip extends,
stoncs are quarried along the whole working face.

The sides of the Aberdeen quarries are almost
perpendicular, and are not worked in galleries as
sandstone and other quarrics where there is
danger of “ caving "’ and the sides collapsing.

The Blondin Cable lifting apparatus is in
general use and is admirably adapted for such
decp workings, but is not so suitable for shallow
quarrices.

The Blondin at Sclattie—the most modern
and efficient of the kind in the country—lifts
10 tons. The winding machine is fitted with
friction clutches, flexible couplings, and helical
gear; the rope drums are 6 ft. diameter. One
of the masts is 60 ft. high ; the main cable is
700 ft. between masts fixed on each side of the
quarry ; this cable is 7} in. circumference, and
the breaking strain is 190 tons. The time re-
quired to lift a load from the bottom of the
quarry to mast-head is go sec. The Blondins
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are often served by fixed crancs on the floor of
the quarry.

The Sclattie quarry is now worked entirely by
electricity, thus accelerating the output of good
stone for all building purposes, the removal
of waste, and reducing the quarrying costs. A
photo of this quarry is shown in Fig. 6.

The mass of rock is moved by boring and
blasting. Holes 3 to 4 in. diameter are drilled
20 ft. deep into the rock, by rock drills fixed on
tripods. Hand drilling in quarries is now
obsolete, and all boring is done by steam or
compressed air at a pressurc of about 8o 1b. to
the square inch. Air mains are carried from
the compressor station round the quarry and
down the face of the rock to the point required ;
from the mains, pipes lead to the stones to be
drilled. A flexible rubber hose is then con-
nected from the pipe to the drill. The modern
rock drill is a wonderfully efficient tool, and
from 3 to 6 ft. per hr. (of the large-size holes)
can be bored in granite.

Black Powder only is used when quarrying
stone for building and ornamental purposes, as
the high grade explosives fracture and shatter
the stone too much, though they are very suit-
able for roadstone quarries.

When blasting, the holes—usually three to
six, according to the weight of the blast—are
lightly charged at first and fired several times in
succession, with half-hour intervals for cooling
off. When it is seen that the cracks are forming
satisfactorily and that the vertical joints are
yielding, a heavy and final “ charge *’ of ‘powder
1s given to blow the rock clearly away from the
face. This charge may be anything from 50 Ib.
to 150 1b., or even more.

9---(5461)
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After the rock is blasted out and the blocks lie
loosely round, they are split up into the shapes
and sizes required by the quarrymen. A straight
line of holes about 4 in. deep and # in. diameter
is drilled by pnewmatic plug drills. Wedges are
now inserted between two halfrounds, or feathers,
and after a little driving the block breaks in two
picces. The quarry blocker then roughly squares
and straightens the stone, and soon it is ready to
leave the quarry to be dressed in the mason’s
yard. The blocks are graded according to
colour, the perfect ones being reserved for
polishing and ornamental work, the others are
cut up for local building purposes and road or
paving sctts.

Some of the quarry waste is crushed by stone-
breakers for road metal, while some is used in the
construction of side-walk slabs, and for concrete
bixcks.

For slabs and blocks the stone passes through
a } in. screen ; it is then mixed with Portland
cement, placed in moulds, and subjected to a
pressure of about 400 tons per sq. ft.

Great difficulty is often experienced owing to
the fact that the masses of rock are interrupted
by natural joints and fawults. Thesc faults,
or bars, are ncarly always discoloured rock,
which is valueless for polishing and ornamental
purposes, and somctimes thousands of tons have
to be removed before stones of important sizes
can be obtained. This accounts for the rela-
tively high costs in Aberdecen quarries com-
parcd with those of Norway and Sweden. How-
ever, when good blocks have been secured, no
stone yet discovered in Scandinavia equals the
Aberdeen granite in beauty, high polishing
gloss, and durability.
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BUILDERS’ GEOMETRY

By Ricnarp GREeNHALGH, A.I.STrucT.E.
Honours Medallist in Geometry

LESSON 111
PLANE GEOMETRY

PRELIMINARY DEFINITIONS AND
CONSTRUCTIONS

Lines. A straight line is a line describing the
shortest distance between two points.  Parallel
lines are such that if produced indefinitely they
would never meet.

Circle. A circle is a plane figure having a
boundary, or circumference, which is cquidistant
at all points from a given point called the
centre. A chord (see Fig. 24) 1s a line drawn
across the circle, and the diameter may be said
to be the largest chord. A segment is the figure
enclosed between an are and a chord. A sector
is the part of a circle enclosed between two radii
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I16. 24. PARrTS 0¥ A CIRCLE

and anarc. A fangent is a line that just touches
a circle or other curve.

Angles. An angle is the amount of angular
space between two lines, or, in other words, it is
the magnitude of rotation that one line must
make 1o coincide with the other.  If one line
stands on another line, Fig. 25, so that the
adjacent angles are equal, then the two angles
are right angles. “The unit of angular measure-
ment is a degree, and is the ninetieth part of a
right angle.  There are fowr right angles or 360°
in a circle.  An angle less than a right angle is
termed an acute angle ; an obtuse angle is greater
than a right angle.

Triangles. A triangle is a figure bounded by
three straight lines.  An eguilateral triangle has

all its sides (and angles) equal. In an isosceles
triangle, two sides (and angles) are equal. A
scalene triangle has all its sides of different
lengths.

Beginning a Drawing. It is first necessary to
pin the drawing paper to the board. Insert the
top left-hand drawing pin.  Adjust the drawing
paper so that its top edge is level, as given by

9o° | 90°

F1G. 25. R1GHT ANGLES

the T-square ; stretch the paper towards the
diagonally opposite corner, and insert the bottom
right-hand drawing pin.  Pull the paper towards
the other two corners, and insert the other
two pins.

Some draughtsmen use a back sheet under
the drawing paper, particularly if the board is
pitted with drawing-pin holes ; this sheet then
prevents the pencil bumping into any crevices
in the board, and enables the compasses to be
used with greater case if the leg happens to
come over a pin hole.

Care should always be taken to keep the
drawing instruments clean. Before using the
set-squares, they should be rubbed on a sheet of
clean paper until they fail to make a mark.
The back of the T-square should be well cleaned ;
in fact, on claborate drawings, some draughts-
men fold over the drawing paper for about a
half-inch at the left-hand side, so that the
T-square will not rub the lines of the drawing.

In beginning a large drawing or when making
several drawings on a big sheet, care should be
exercised at the start in placing the drawings,
so that when finished the work will be evenly
balanced on the paper. .

Bisecting a Line. If a line is of definite length,
say, 3in., the casiest way to divide it into two
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equal parts is obviously to apply a scale. Where
the line is of uncertain length, the draughtsmen
generally uses the method given in Lig. 26.
Adjust the dividers or compasses as near as can
be guessed to half the line, and mark off the
distance from each end A4 and B of the line,
thus giving two points @ and b close together.
The centre of the short distance between these
two points can then be judged with considerable
accuracy.

The geometrical method given in most text-
books 1s shown in Tig. 27. Adjust the com-
passes to rather more than half the length of
the line, and describe arcs as shown from cach
end A4 and B of the line. Draw a line through
the points C and D where these ares intersect
cach other. The line CD bisccts the given line.

Bisecting an Angle. Let ABC be any angle.
With B as centre and any radius, describe an

A n B
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Fic. 28. BISECTING AN ANGLE

arc cutting the lines at D and . With the
latter points as centres, and compasses set to
any length greater than half the arc, describe
two small arcs intersceting in a point [, A
line from B through /¢ bisccts the given angle.
Dividing a Line. The method of dividing a
line into any number of equal parts is shown in
Fig. 29. Assumc that the line 4B has to be
divided into seven cqual parts. Draw any line
AC, making an angle with AB. Sct olf seven
equal spaces with the dividers along AC. Join
the last point 7 to B, and draw lines parallel to
5B from the other points. The line AB will
thus be divided into seven equal portions.
Length of Curved Line. The easiest way of
finding the length of an irregular curved line is
shown in Fig. 30. Set the dividers to a small
length, and step out this length from one end «
until the other end b is reached.  The number of
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repeats is then set out along a straight line, as
shown in (B). If there is part of a division left
over, as be, the dividers are set to this bit and
transferred to (B).

Another method is shown in Fig. 31. A
straight line is marked on a piece of tracing
paper C. The latter is then adjusted over the
curved line, so that one end A of the straight
line coincides with a, and a sharp point, as a
divider leg, is pricked through /1 into a. The
tracing paper is swivelled about until the straight

\
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Fra. 20. DIVIDING A LINE INTO FQUAL PARrTS

line on the tracing paper lics approximately in
the same direction as a short portion of the
curved line ; really, the line on the tracing paper
coincides with the chord of the small curved
arc al.  The divider point, or pricker, is then
pricked through the tracing paper at point 1,
and the tracing paper is again swivelled to lie
in the same direction as a second short portion
of the curved line. The illustration shows the
tracing paper adjusted to a third short arc.
The operation is repeated until the end of the
curved line is reached, when the true length, or
stretch-out, will be shown on the straight line.
The advantage of the tracing paper method is
that the steps can be readily made short or long,
according to the “ quickness ” or ““ flatness ™ of
the curve being measured.

To Draw a Right Angle. Of course, the usual
method for the draughtsman when drawing a
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right angle is to use a sct-square, and for the
practical man a try-square, but if these instru-
ments arc not available other methods must
be adopted.

In setting out large angles, say, when setting
out the corner of a building o0 making a builder’s
square (a large wooden square for sctting out

buildings, etc.) what is known as the 3: 4 : 5rule

(\/I’M‘
(4)
/5) BC

FiG. 30. OsraiNING LENGTH ¢F CURVED LINE

Fi6. 32. CONSTRUCTING A RIGHT ANGLE,
3:4:5 RuLe

90°-

16, 34, ANGLE IN
SEMICIRCLE

is often used.  Suppose a line has to be drawn
perpendicular to AB from the point A, Fig. 32.
Set out 4 units (say, 4 ft.).from A along AB.
From point 4 strike out 5 units and from A
strike out 3 units, thus giving point C. Then
CAB is a right angle. This method can con-
veniently be performed by means of any tape
measure.  The beginning of the tape is held at
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A, and the 8 ft. mark at point 4; if the tape
is held at the 3 ft. mark and pulled taut, point C

willghe located.
The 3:4:5 rule is based on a well-known

theorem in Luclid, which states: In a right-

Fia. 33. ANGLES IN SEGMENTS

D"

F1G. 35. CONSTRUCTING A RIGHT ANGLE, USING
CoMPASSES

angled riangle, the square on the hypotenuse is
equal to the sum of the squares on the other two
sides.  Thus, if a right-angled triangle has the
two short sides 6 ft. and 8 ft. long respectively,
the squares on these two sides are 36 sq. in. and
64 sq in. respectively.  Therefore, the square on
the hypotenuse must be 36 -{- 64 == 100 sq. in. ;
that is, the hypotenuse is 10 in. long.
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This theorem relating to the squarcs on the
sides of a right-angled triangle, besides being
of use in drawing right angles, is much gsed
for many kinds of simple problems involving
the finding of the length of the hypotenuse of
a right-angled triangle. Thus, assume that a
roof has a span of 22 ft. and a rise of 8 ft. The
half-span would be the base of a right-angled
triangle having the rise, 8 ft., of the roof as
perpendicular, and the ﬁlope of the roof as
hypotenuse.  The length of the slope of the

roof would thus be V112 4 8¢ . V121 + 64

= V185 == 137 ft.  Of course, problems of this
kind can always be solved geomectrically by
drawing the base and perpendicular of the
right-angled triangle to scale, and then scaling
off the length of the hypotenuse.

Angles in Segments. A useful and well-known
geometrical prirciple is illustrated in Vig. 33.
AB is the chord of a circle dividing the circle
into two unequal segments.  If several triangles
are formed on the chord and with their apexes
on the arc, then all the upper angles of these
triangles are equal to cach other. Lurther, if
a tangent to the circle is drawn through ore
end of the chord, then the angle between the chord
and the tangent is always cqual to the angle in lhe
opposite segment of the circle. Thus, in Fig. 33,
all angles C are equal, and all angles D are equal.
These statements should be proved by drawing
out the figure and measuring the angles with a
protractor.

A vparticular case of the above theorem is
shown in Iig. 34. Here the segments are equal,

125

that is, they are semicircles ; and as the angle
between the chord ard the tangent is a right
angle, it follows from the above rule that the
angle in the semicircle is a right angle. The
principle is often made use of in drawing a right
angle, as shown in Iig. 35.

Let it be required to draw a line at right
angles to a line AB from a point Binit.  Select

116, 30, Use oF TrY-SQUARE TO TEST SEMICIRCLE
a point in a position as C, and with C as centre
deseribe an are passing through B ard cutting
the line A B in another point ). Join DC, and
produce to cut the arc in . Join BI, which
will be found to be at right angles to AB.  The
correctness of this construction is obvious, as
the angle DBE is the angle on the diameter of
a circle ard must, therefore, be a right angle.

Another application of the principle that the
angle in a semicircle is a right angle is illus-
trated in Ifig. 30, where a try-square is shown
being used to test the accuracy of a semicireular
sinking in a picce of wood or store.
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From a drawing evecuted in the School of Architecture, Northern Polytechnic, London

I'16. 10. A CoMPOSITION OF ELEMENTS OF GREEK ARCHITECTURE
Background, a doorway from the Erechtheion.  Foreground, Right, a Pediment, a Caryatide ; Left, the * Order ™ from the
Tower of Winds a * Stele ” or tombstone
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HISTORY OF ARCHITECTURE

By Tuomas E. Scorr, A.R.[.B.A.

LIESSON II1I

GREEK ARCHITECTURE

Origin. Although Greek architecture did not
cmerge from its archaic or primitive state until
about the seventh century B.c., the few remains
of the carlier works arc interesting, for they
must be accepted as the foundation upon which
European architecture was built.

The earliest known inhabitants of Greece were
the Pelasgi, but it scems probable that the
civilization which produced the great works,
which will be described later, at first developed
in Crete, an island to the south of Greece.

Recent  explorations reveal a marvellous
civilization which existed in Crete over four
thousand years ago; space will not permit an
adequate description of the achievements of
these early people, but the high degree of their
civilization is illustrated by the fact that, at
the palace at Knossos, there existed a drainage
system which was not equalled in Europe from
that day until the nincteenth century.

Cretan settlements were established on the
mainland at Mycenac and Tiryns, the former of
which gives the name of *“ Mycenacan ” to this
carly Greek architecture.

The Mycenaean Period. This period is usually
considered to last until the cighth century B.c.
The remains found in many parts of the country
are chiefly of town walls, fortifications, and
tombs. The chief feature of the work is the
use of massive blocks of stone, which were built
in their rough state or hewn into rectangular
blocks and bonded together ; mortar was not
generally used.  This masonry is called © Cyclo-
pean,” tradition ascribing its origin to the
legendary giants, the Cyclopes.

At Mycenae, the town wall contains the
famous Gate of Lions (Fig. 11), the carved panel
over which is probably the earliest example of
Greek sculpture remaining.

Perhaps the oldest existing Greek structure
of architectural importance is the Treasury of
Atreus at Mycenac ; this was undoubtedly built
as a tomb. Although the large chamber is
shaped like a dome (Fig. 12), it is not constructed
as such, but consists of overhanging courses laid
hor17ontally This chamber is about 50 ft. broad

and 50 ft. high ; the great size of the stones used
i its erection will be appreciated when it is said
that the lintel over one of the doorways is 27 ft.
long and 16 ft. deep, and weighs over 100 tons.
[t is interesting to note over this lintel the cor-
belling which forms a triangular opening, and
thus relieves the lintel of the weight of the wall
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Fig. t1. THE TioN GATE, MYCENAR

over. A similar arrangement is to be seen in
Fig. 11, in which case the opening is filled with
the carved panel.

The Hellenic Period.  The mature architecture
of the later period differs greatly from the carly
works of the Greeks.  There are not sufficient
remains to enable its evolution to be followed
with any certainty, but it is possible to trace
the factors which undoubtedly influenced its de-
velopment during the centuries which intervened
between the Mycenacan and Hellenic periods,

The study of & map of the Mediterranean Sca
will show that the position of Greece was such
that contact with Egypt and Asia was incvitable.
The Greeks came into touch with Egypt through
commerce, and were doubtless influenced by the
columns used there; it is quite possible that
the fluted column of the Doric Order was
inspired by columns at the rock-cut tombs at
Beni-Hasan, already referred to.  The Greeks
were great colonists and cstablished settlements
as far afield as Asia Minor. In this way they
became acquainted with the buildings of the
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Assyrians and Persians, from which they
acquired a love of rich detail.

Although the Greeks appear to have been
influenced by the work of other countries, their
architecture rarely contains mere copies of
foreign details, but rather an intelligent applica-
tion of carefully selected features. which have
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been refined by their wonderful feeling for
delicacy and proportion. .

Many races arc known to have settled in
Greeee during the carly centuries ; the resulting
people, known as the Hellenes, were never a
united nation, but rather a group of sclf-
governing states, drawn together by a passion
for athletic games, religious festivals, and a love
of fine arts, the drama, and music,

The history of Greeee during the Hellenic
period, known as the Golden Age, is well told
by historians ; it may be said to begin with the
commencement of the Olympiads, 776 B.c., and
to end with the sacking of Corinth by the
Romans during the sccond century B.c., although
Greek architecture was continued with more or
less purity for some time afterwards. Out-
standing events were the defpats of the invading
Persians on land at Marathon in 490 B.C., and
on the sea at the battle of Salamis in 480 B.C.
These victories were followed by a period of
great - prosperity, which produced the finest
buildings of the Greeks. Temples and public
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buildings were rebuilt on a scale far surpassing
those which had existed previously, and new
temples were erected in thanksgiving to the local
deifies. A period of decline ensued, to be followed
by a short revival under Alexander the Great.

Greek Buildings. The climate of Greece per-
mitted an outdoor life which influenced the
arrangement of their buildings. Both religious
and civil ceremonies were usually carricd on in
the open air, so that the effect aimed at was
usually an external one. ‘

The Greek religion consisted chiefly of the
worship of deitics which personified certain
qualities, such as Athena, the Goddess of
Wisdom, and Hercules, the God of Power.
Each district had its own deities.

The temples were built as shrines to contain
the images of the gods, rather than as places of

Scale of Feet.
F1G. 13. PLAN OF THE PARTHENON, ATHENS

assembly for the people, who offered their
prayers from any point in sight of the temple,
For this reason, the temple, together with smaller
shrines and other buildings connccted with
religion, were frequently grouped together in a
prominent place. Sometimes a part of the city
was set apart as sacred ; that at Athens, known
as the Acropolis, or Upper City, is perhaps the
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best known. There is a very good modecl of it
in the British Museum.

The temples were usually very simple in plan,
containing a rectangular apartment for the
image, called the Naos, and a colonnaded
portico, called the Pro-naos. Some temples
also contained a chamber behind the Naos
which was used as a store for treasures ; and in
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Fig. 14. Tue ERECHTHEION, ATHENS FROM THE S.IE.

larger buildings, columns were ranged all roand,
forming an ambulatory or covered corridor. The
whole stood upon a platform, and was covered
by a simple roof with a gable at cach end.

The absence of windows leads to much specula-
tion as to the lighting of these temples. It
scems probable that a system of clerestory
lighting was uscd, and also top-lighting through
an opening in the roof. Many of the temples
were so placed that the morning sun might enter
the door and light up the statue opposite.

The finest of the temples was the Parthenon,
at Athens, dedicated to the Goddess Athene.
It was built during the years 454-438 B.C. in
the time of Pericles, one of the greatest rulers
in Greece; the architects were Ictinus and
Calicrates. The plan (Fig. 13) was quite simple,
consisting of a sacred chamber and a small
treasury behind it, with a portico at each end.
Round these was a range of columns, called a
peristyle, cight at each end and sceventeen on
each side. These columns were a little over
34 ft. high, and had a diameter at the base of
6 ft. 3in. They supported an entablature 11 ft.
high, which, at the ends, was taken up in the
form of a gable, known as a pediment (Fig. 1).
The main chamber, or cella, was divided into a
nave and aisles by columns, whose chief function
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was to support the roof ; there were also four
columns in the treasury for the same purpose.
The architectural treatment of the columns and
entablature will be referred to in a later lesson.
Near the western end of the Naos was placed
the statue of the Goddess Athene Parthenos,
onc of the most wonderful works of Phideas,
the celebrated Greck sculptor. It was con-
structed of ivory, and covered in places with
plates of solid gold ; including its base, it was
about 4o ft. high. The illustration of the Par-
thenon shows the positions of the sculpture on
the clevations ; there was also a very fine
sculptured frieze on the outside of the cella
walls, an indication of which will be found on
the upr o part of the wall in Fig. 10.

Another small but very fine temple was the
Ercchtheion (Fig. 14), sitnated near the Par-
thcnon on the Acropolis.  The reason for its
irregular plan (Fig. 15) is a matter for conjecture,
though there may be some connection between
the three porticoes and the three deities whose
shrines it contained.  The porticoes are of dif-
ferent designs, two being of the lonic order,
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which will be described later, and the third a
caryalid portico, consisting of six draped female
figures standing upon a wall and supporting an
entablature of rather unusual design ; a restora-
tion of one of the caryatides is to be scen in
TFig. 10. The doorway illustrated in Figs. 10
and 16 is onc of the finest examples.
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The remains of the secular work of the Greeks
are very scarce.  Onc of the best known is the
monument of Lysicrates at Athens (Fig. 17),
crected in 335 B.C., in commemoration of his
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success in the choral competitions. It was a
circular structure with a square base, in all just
over 20 {t. in height.  Around the upper part
were six half columns, with capitals known as
Corinthian, a type not common in Greek work.
The entablature and a finely enriched crowning
part were formed from one slab of marble.

The burial places of the dead were usually
marked by a simple form of tombstone known

. LB, A. Cates Collection

FiG. 17. CuoraGic MONUMENT OF
[LYCICRATES, ATHENS

as a stele (Fig. 10), somewhat similar in form to
the modern varicty. A number of large monu-
ments are known to have existed, the finest of
which was undoubtedly the Mausoleum at Hall-
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carnassos, in Asia Minor. Although it is not
definitely known what this monument was like,
remains suggest that there was a square plinth
or base supporting a number of Ionic columns,
with a fine sculptured group forming an impor-
tant feature. It is believed to have been about
140 ft. high, and is ranked as one of the seven
wonders of the world.  Many very interesting
fragments, and a drawing of a conjectural
restoration, are to be scen at the British Museum,

Theatres appcear to have been very important
in Greek life. Dramatic performances were
looked upon as festivals, in which every inhabi-
tant of the district took part. The theatres
were usually hollowed out of a convenient hill-
side and, as will be seen from Fig. 18, were
rather more than a semicircle on plan, with a
central space for the chorus and a narrow stage
for the actor or actors.  The auditorium was cut
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out of the solid rock, with ticrs of marble seats.
In the Theatre of Dionysos at Athens, over thirty
thousand people could be accommodated.

The Agora, or market-places, were large open
spaces surrounded probably by colonnades, and
around them were grouped various public build-
ings, many of which were used for the athletic
performances, which were so important a feature
of Greek life, such as the Stadion, for foot racing,
and the Hippodrome, for horse racing.

Of the domestic works of the Greeks little is
known, for comparatively little attention was
paid to personal accommodation. However, the
houses of Pompeii, which will be described later,
contain so many characteristics of Greek work,
that it is reasonable to assume that the houses
of the Greeks were very similarly arranged.
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By WiLLiam BrLABER
Lecturcy in Brickwork at the Northern Dolytechnic, London

LESSON 1IT

VARIETIES AND CHARACTER-
ISTICS OF BRICKS

Colour of Bricks. The colour of bricks de-
pends principally on the chemical nature of the
earth, and the cffects of burning. Clays con-
taining considerable quantities of iron oxide,
but otherwise free from alkalis, burn to a clear
bright red. The presence of alkalis, in con-
junction with prolonged burning at a lngh tem-
perature, will change the colour to a dark bluish
green, as in the case of Staffordshire bricks.
Clays {rce from iron burn white, while small
quantities of chalk and iron produce a creamy
tint. Clays with much iron and manganese in
their composition burn black.  Magnesia, with
small quantitics of iron, gives a yellow colour to
the brick.

Varieties in General Use. The varicties of
brick in general use are Stocks, Flettons, Wire-
cuts, Gaults, Suffolks, red and blue Stafford-
shires, red facings and rubbers, Luton greys,
paviors (Dutch and adamantine clinkers), fire-
bricks, salt-glazed, and enamelled bricks.

Gaults are manufactured ncar Rochester, at
Hitchin, and in Suffolk. Gault clays frequently
contain large quantities of iron oxide and some-
times large quantities of chalk. In the first
instance the colour is red, and the brick of an
inferior quality. The chalky clay produces a
white brick. Owing to the strong nature of the
clay, gaults are frequently made with perfora-
tions, to reduce the possibility of twisting and
warping during burning. These are a good,
hard, and durable type of brick, and the best of
the kind is the white Suffolk.

Red Facings are madec from a loamy carth
containing a proportion of sand and iron oxide,
and are generally sand-faced.  Messrs. Lawrence
& Co., Bracknell, and Messrs. Collier, of Reading,
are well-known makers, and they also produce
the 2 in. old English multicoloured facing-bricks
and red rubbers. The latter are manufactured
from specially selected carth, carefully washed
and sicved to remove the smallest stones, and
burned to a state little short of vitrification.
These bricks contain rather more sand than the

ordinary facing brick. They are largely used
for decorative work, as th(‘1r fine texture and
the presence of the extra sand c¢nables them to
be casily carved, cut with a wire brick saw, or
rubbed to a very fine arris on a stone.

Fire-bricks arc made from clays of a highly
refractory nature.  They are capable of resist-
ing high temperatures w1lhout fusion, and with
very htt]c change of form due to expansion or
contraction. Manufacture is carried on in vari-
ous parts of the country: at Stourbridge,
Stamford in Lincolnshire, Poole in Dorsetshire,
Wortley in the West of Scotland, and in Wales.
Although the Stourbridge brick is in most
general use, tie Dinas brick, made by the
Ynysmuden Co. near Swansea, is considered by
many to have a far greater heat-resisting
capacity. lire-bricks are of a ycllow colour
and are close in texture.

Salt-glazed Bricks. The faces to be glazed
are exposed when these are stacked for burning.
When burning has reached a certain stage, salt
is thrown into the kiln ; the salt when volatil-
ized by the heat, penetrates into the pores of
the exposed surfaces, covering them with a thin
coating of glass, which forms part of the brick
itself.

Enamelled Bricks arc obtainable in white,
cream and other colours.  Enamelling is accom-
plished by partially burning the raw brick,
afterwards coating it with enamel by dipping
its face in a vitreous slip, or thin paste; this
slip is made from ground flint and china clay,
with the addition of a metallic oxide. Tead
oxide was at one time extensively used, but
owing to nb]ectmns arising on account of its
being injurious to health, the oxides of sodium,
potassium, zinc or tin, arc now generally em-
ployed. The process is completed by subjecting
the brick to a further burning. This process is
called discuiling. LEnamelled bricks are also
manufactured by cnamelling the raw brick and
fixing the colour in one burning.  Greater dura-
bility is thus obtained, but costs are much
heavier owing to large numbers being spoiled
during burning.

The following characteristics of various bricks
will enable them to be more easily recognized.
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Hand -moulded and Clamp-burned. These
bricks arc of irregular shape and colour, arrises
not sharp, only one frog. When broken, traces
of breeze may be scen.  Texture is tough, and
inclined to be vitreous, but not dense.

Wire-cuts. These have no frog, are regular
in form, and dense. The cutting wires leave
slightly scrrated edges, and their marks may be
scen on the beds of the brick. Generally of
inferior quality, and difficult to cut.

Machine-pressed and Kiln-burned. Regular in
form, clean, sharp arrises, cleanly formed frog,
frequently on both beds, and maker’s name or
mark stamped thercon. Colour in the best
types is uniform, but inferior kinds arc graded
in colour, and their faces have a striped appear-
ance.  Texture very densc.

Characteristics of Good Bricks. Regular in
shape, uniform in size, compact in texture;
free from particles of lime, stone, pebbles, and
cracks or flaws of any description.  They should
not absorb more than about onc-sixth of their
weight of water.  They should be well burned,
hard, tough in texture and, when struck to-
gether, give a metallic sound. A dull thud
indicates a soft brick, or the presence of lime-
stonc or pebbles in its interior. A good cri-
terion of the quality of bricks in bulk is the
condition of dcliveries. If a lot of dust and a
quantity of broken picces are present, one can
generally be sure that the quality leaves some-
thing to be desired,

Sizes. Sizes of bricks still vary considerably
in different localities.  Considerable success has,
however, attended the efforts of British archi-
tects and brick manufacturers to standardize
sizes.  These now vary from 8% in. X 47, in.
X 2§ in. to gin. X 43 in. x 21! in. In parts
of the Midlands and in the north much thicker
bricks, from 3 in. to 3} in. in depth, are still being
made.  The proportion of the depth to the other
dimensions is of no great import, but the relation
between breadth and length is very important.
Twice the breadth, plus the thickness of one
joint, should cqual the length.  The reason for
this will be more clearly seen when the principles
of bond are being considered.

MORTAR

The mortars used in bricklayers’ work con-
sist of an admixture of lime, or Portland cement,
and sand. A knowledge of the propertics of
these materials is very necessary to the crafts-
man, if he is to obtain the best results from his
labours.
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Lime is manufactured by the calcination, or
burning, of a carbonate of calcium, of which
chalk is the commonest example. During cal-
cination, decomposition occurs, and carbonic
acid and water are driven off, an oxide of
calcium (quicklime) remaining.

If water be added to lumps of quicklime, rapid
combination cnsues, great heat and volumes of
steam being generated.  The lumps disintegrate
with a serics of small explosions, and are
eventually reduced to a very fine powder.  This
process is termed slaking ; and when making
mortar it is highly necessary that it should be
thoroughly carried out, as any unslaked par-
ticles subsequently expand and seriously damage
the work.

Lines may be divided into three distinct
classes—

1. Rich limes.

2. Poor limes.

3. Hydraulic limes.

Rich limes contain not more than 6 per cent
of impuritics, slake very rapidly, and are
entirely dependent on external agents for setting
power. They are chiefly used for interior plas-
terers’ work.

Poor limes contain from 15 per cent to 30 per
cent of uscless impurities, and possess the
general properties of rich limes, only to a lesser
degree.  They are only fit for unimportant work.

Hydraulic limes contain certain proportions
of impurities, which, during calcination, com-
bine with the lime, and cndow it with the
valuable property of setting under water, or
without external agents. The proportions of
these impuritics determine Whether a lime is
eminently, moderately, or only feebly hydraulic.
The principal limes used in making mortar for
constructional work arc of the Greystone variety,
obtained from Dorking, Halling, Merstham, and
the district around the River Medway. These
have hydraulic propertics, and will take a large
proportion of sand, without weakening their
sctting powers. The usual proportions arc from
two to four parts of sand to one of lime.

The setting of lime depends largely upon its
absorption of carbonic acid from the atmo-
sphere. The particles return to their original
form of a carbonate, and crystallize. These
crystals have a tendency to adhere to anything
rough, such as sand or the surfaces of a brick.

Pure lime mortars built into thick walls never
harden in the interior. The crystallization of
the exterior of the joint when set prevents
access of carbon dioxide to the inside of the
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wall. For this rcason, pure lime mortars should
not be used for constructional work, only those
which are not entircly dependent on external
agents. Tor more important work, where great
strength is required, Portland cement is used
instead of lime.

Portland Cement is an artificial cement, manu-
factured by calcining chalk and clay, or river
mud containing certain chemical constituents
in definitc proportions. The chalk and clay are
ground and mixed into a slurry, which after
being strained through very finc sieves, is
pumped into an orifice in the top of an inclined
revolving cylinder. A blast of intense flame is
dirccted through this cylinder, which is lined
with fircbrick.  As the slurry drops through the
flame, it is burned into small clinkers, which
are afterwards ground exceedingly fine in speci-
ally constructed mills, and then passed through
sieves, having as many as 32,400 meshes to the
square inch. The powder is acrated by being
spread on wooden floors, with an occasional
turning, to ensure the thorough slaking and
cooling of all particles. It is then put up in
sacks ready for use.

This process of aeration has now been super-
scded in many cement works by the addition of
a small quantity of gypsum (plaster of Paris),
which retards the otherwise rapid-setting ten-
dency of a freshly-ground cement.

Sand. When used for mortar, sand should
be angular in grain, frec from clay or dirt, and
moderately coarse. If too fine, the proportion
of lime or cement will have to be considerably
increased. .

Mixing. This should be carried out on a close-
boarded platform, or stage. In the case of
lime mortar, sand is best measured when brought
to the stage, and the heap opened out into the
form of a ring. The correct proportion of lime
is measured into the ring, clecan water being
added to start the slaking, and more as .tie
process advances. When the generation of
steam ceases, the mass should be stirred with a
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long-handled, hoe-shaped tool called a larry,
until a thick, cream-like consistency is obtained.
The sand may then be gradually drawn into
and thoroughly mixed with the lime by means
of the same tool. The mortar should be
allowed to stand for some days before use, and
again well beaten up with Jarry and shovel.

For cement mortar, the sand is measured and
heaped on the stage, and a bottomless box of
definite capacity is placed on the top of the sand.
This box is filled with cement, and then re-
moved. The dry heap is turned over at least
twice, and opened out into a ring.  Clean water
is added in sufficient quantity to wet the whole
mass, which is then thoroughly mixed in the
same manner as lime mortar.

Cement mortar should be used directly after
being made, and should not be subjected to
furcher mixing after setting has commenced.
If this is done, the cement rapidly loses its
strength, and {urther repetition would render it
practically ineit.

The proportions of sand and cement or lime,
are from two to four parts of sand to one part
of either, according to the class of work for
which the mortar is required.

On large works, mixing is usually performed
in a mortar mill, which consists of a pair of heavy
millstones and a pan, or container, into which
the measured ingredients are fed. The mill,
by reason of its large and rapid output, has a
distinct advantage over hand-mixing. It also
has many disadvantages unless operated by a
reliable man. Grinding may be carried on to
such a stage that the sand is ground so finc as to
render the original quantity of lime or cement
inadequate. Cement mortars may be also ground
long after the initial sctting has commenced,
and thus rendered useless for the required pur-
pose.

The writer has also scen mortar mills made
the receptacle for all manner of rubbish which
is ground in with the mortar, a practice which
cannot be too strongly condemned.
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LLESSON 11
CUBE PRICES

IN the previous lesson the method of obtaining
the “ cube ” was explained, but a few words arc
necessary to warn the beginner not to place too
great reliance upon prices obtained by such
methods.  If a building costs a certain amount,
and from this amount the price per foot cube is
obtained, it is a fair assumption that a similar
building in the same neighbourhood will cost
about the same amount per foot cube. In
making calculations for cube prices, it is usual
to omit drainage, lighting, paths, and fenees, as
these can vary so much.  In making an approxi-
mate estimate on a cube Dbasis, the surveyor
usually prices the cubical contents at a price he
considers suitable, and adds the extras we have
mentioned.  As a general rule, the builder is in
a better position to obtain cube prices which
will be more reliable than those prepared by a
surveyor or architect, for the builder will be
dealing with actual costs, while the prices pre-
pared by others will be based upon tenders. Tt
1s a good plan, when pricing a job where quanti-
tics are not supplicd, to cube the structure after-
wards, price it at a suitable rate, and compare
the result obtained by the more detailed work.
This will serve as a rough check for the accuracy
of the “ taking off” and the pricing. Cube
prices should be used for no other purpose than
obtaining a rough approximate estimate, and
for this purpose the following prices are given for
comparative purposes ; they are nof submitted
as actnal costs.

PRICES PER FOOT CUBE

Cottages, from 1od.
Bungalows, from 1s. 3d.
Small houses, from 2s.

Town houses, from 2s. 6d.
Village halls, from 2s. 6d.
Churches, from 3s. 6d.

Iflats, from 1s. od.

IFlats (high-class), from 2s. 6.

The above indicates the kind of list that a
surveyor may prepare, but against each cost he

would give a bricf description of the materials
used and the class of work, as well as data
regarding rates of wages and the situation of
the job.

ROUGH QUANTITIES

FFor the purpose of obtaining an approximate
estimate, a far better method of finding the price
is to prepare rough quantities.  This is a system
often used by estimating surveyors when the
architect supplies plans and specifications only,
and there is insufficient time to “ take off ”’ the
quantitics in a proper way. It needs a con-
siderable amount of experience ; and for actual
tendering it should be used as scldom as possible
by the beginner, as it is liable to make him
careless and may prevent him from learning to
“take off 7 quantities in the proper manner.
The system consists of grouping many items
together, and omitting the various labours and
fine detail of the quantity surveyor ; afterwards
the items are priced at rates which include all
the labours and other items grouped in the
particular dimension.  The following is a list of
the principal items as grouped together in
“ rough quantities.”

GROUPED ITEMS

How
MEASURED

TRADES, Etc.

ITEMS

Exeavator.
Clear the site; provide site concrctechr yard
and hard core (all in one itemy). super.
Trench exci ion, carting aw
1 'll(‘:l ¢ mva't m, € tx},, mvay. Per yard
returning and ramming, also founda- cule
tion concrete. '

Drainlayer.
lKxcavation, concrete, pipes, bends,
accessories,  gullies, and filling in
trenches.
(Manholes, enumerated complete.)

Per foot
run.

Bricklayer.
Brickwork measured over-all {o in-
clnde all labours --cuttings, arches,
facings, pointing and all sundry items,
also the plastering (internal and ex-
ternal)

Per rod super
(or per yard
super)
reduced.
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Partitions.  (Brick, slab, or stud.)
To include all materials used in con- . Pe q
struction and the plastering both - :pr(v;:r

sides.

Carpenter and Joiner.

Floors, to include all plates, joists,zl’cr square
flooring, and skirting. super.
Ceilings, to include joists, plasteringg'l’cr yard
and cornices super.
Roofs, to include all timbers, board-~ |,
ings, slates or tiles, flashings, 1eml-1
work, gutters, and rain water pipes.,
(Flat roofs to include all coverings.)

er square
super.

Plumber.

Sanitary fittings, to inclnde traps,.

hot and cold branches, W.C. flush Per

pipes, and all fixing and making good \ number.

in all trades.

Water supply pipes, soil and wzlstcgl’cr foot

pipes, including all accessories. run.

The various fittings and fitments are then
enumerated, viz.—

Doors.
To include door, frame, linings, iron-
mongery, lintel, architraves, ete., and (Per
allowing for deductions from brick-{ number.
work and plastering complete.

Windows and Casements,

As for doors, and including glass, P’er number.

Stoves.
To include stove, setting, hearth, flue,
pot, chimney picce, and allowing for | Per
deductions  from  brickwork and\ number.
plastering.

Staireases.

To include trcads and risers, hand-

rail, balusters, newels, strings, and all } Per tread.
labours.
Landings extra,

including skirtings, ; Per
etc.

number.

The following items are priced per point :
Hot-water supply, gasfitting, clectric lighting,
and bells.

Tt will be noticed that scveral trades are
grouped in the same item, and that very many
items which usually appear in a bill of quanti-
ties arc omitted entirely. It is obvious that
very little time is required for the * taking off ”;
in fact, when the builder is given insulficient
time to prepare an estimate (if no quantitics arce
supplied), it is the only method he can adopt.
It is also more reliable for the architect or sur-
veyor to prepare his approximate estimates in a
similar manner, for he can obtain data for pricing
by taking typical items of a similar job, having
a detailed bill of quantities which has been priced
by a builder.
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DETAILED ESTIMATING

_ Preliminary Work. Tor the purpose of giving
struction regarding correct methods of the
preparation of estimates, we will assume that
the reader is in the position of an assistant to
an estimating surveyor, and we will describe the
work of pricing a bill of quantitics from the
time it first reaches the builder to the sub-
mission of the tender. The estimating surveyor
will first read the preliminaries and the pre-
ambles, and make notes of items requiring
further detail.

Thr beginner should note that there is a
separate bill for cach trade, and one other bill
termed Preliminaries which contains items that
cannot be allocated to any particular trade and
the general conditions.  The  Preambles are
deseriptions at the commencement of each trade
describing the work, the materials, and methods
of preparation, also any details necessary to the
estimating  surveyor for the preparation  of
prices.

IFrom a perusal of the bill it will be found that
several special kinds of materials are specified ;
therefore it will be necessary to communicate
with the different manufacturers and obtain
quotations ; this is usually the junior’s first job.
I't will also be necessary to obtamn quotations for
essential materials, such as bricks, sand, ballast,
cement, lime, and timber-—delivered to the site
if possible.  If necessary, prices must be obtained
for haulage and carting, and the exact distance
of the nearest railway station ascertained. It
may also be necessary to obtain the local rate of
wages and lodging facilitics.  This information
must be  tabulated, so that the estimating
surveyor has as much data as possible available
for detailed prices.

Visiting Site. It is diflicult to make any
hard and fast rule regarding this. With a
detailed bill of quantities, plans, and specifica-
tion, it may not be necessary to visit the site
at all, but in most cases it is advisable, especially
if the work is in a district new to the surveyor.
Sometimes it is necessary to inspect the site
before preparing prices, but as a general rule it
is possible to price a considerable portion of the
bill first, in which case the visit can be deferred
until the surveyor has made a list of items for
which he will require local information.

Order of Pricing the Trades. It is not usual
to price the bills in the same order as tabulated
by the quantity surveyor, and in some cases, it
is not possible to price the preliminary bill until
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all the others arc complete, and others may
require a visit to the site.  As a general rule, it
is a good plan to prepare the prices for the princi-
pal constructional trade first, which is either the
bricklayer, or (with a stone building) the mason.
In these lessons, thercfore, we will commence
with the bricklayer. It is not possible in a
work of this nature to give detailed prices of
cevery item that can possibly occur in any par-
ticular trade ; such a task would require several
books, but it is proposed to analyse the most
typical items, so that the student will learn to
prepare prices for himself upon a scientific basis.

BRICKLAYER

Limes and Cements. Before we can price
items in the bricklayer’s bill it is necessary to
calculate the prices of mortar.  Brickwork may
be in lime mortar or in cement mortar, and the
usual proportions are one part of lime or ccment
to three parts of sand.  Sand is sold (usually) by
the yard cube, and one yard cube is required to
make one cubic yard of mortar. This is duc to
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shrinkage of matcrials, Portland cement is sold
by the ton, which contains eleven sacks or
twenty trade bushels, Lime is sold by the
ton and somctimes by the yard; it varics in
different districts, but we will assume two
yards or thirty-two trade bushels to the ton.
Before we can calculate the price of mortars
it is necessary to find the prices per bushel
for limes and cements. The prices naturally
vary in different districts, and cartage is a
big factor, but for our purpose we will assume
cement at £3 2s. 6d. per ton, and lime at
£2 16s. per ton delivered, including unloading
costs. There is a charge made by the merchants
for the use of sacks, usually 2s. gd. per ton, and
this must be added to the cost of the material.

EXERCISE 1I

1. Find the cost per bushel for Portland cement and
for lime, using the prices given in Lesson IT.

ANSWER TO EXERCISE 1
1. Price per foot cube, 1s. 3d.

THE RELATION OF CONSTRUCTION TO DESIGN

(Continued from page 108)

mercly two-part construction. The plan is
thought of as one thing, and the construction as
a loose skeleton introduced to support the
scenic display. Hence the invertebrate state of
modern civic and commercial architecture.

A NEW STYLE?

It is not yet realized that building is depend-
ent upon anatomy. There are rules for pro-
ducing compositions bascd upon historic styles,
but such formulac, while useful to endow a
building with grace at the proper stage, have no
vital function as aids to structural devisement.

It can be said, with certain reservations, that the
ncarer building approaches to the spirit of finc
engineering, in the widest acceptance of this
term, the more consistent it will become, and
the more intimately will it represent the life of
to-day. There are certain modernists demand-
ing a new style. They have nothing in their
minds but notions of novelty and originality ;
their battle cry is a catch phrase. The truth
is clusive, and will only result from a sane
exposition of the structural theory; and this
implics the exact adjustment of construction to
structure.
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BUILDING CALCULATIONS

By T. CorkuiLr, M.I.Struct.E., M.CorL.H.

LESSON 1
INTRODUCTION

Tuis course of lessons in mathematics has been
arranged to contain the essentials required by
those engaged in the building trades and pro-
fessions. Modern building practice is becoming
more of a science year by year, and the basis of
science is mathematics. It is essential that the
building industry shall keep pace with modern
progress, otherwise the engineer will eventually
take the prominent part both in building design
and practice. This applies to all branches of
building; ‘“rule of thumb” mecthods are
obsolete, and correct calculations are essential
for successful competition.

The arrangement of the lessons has been con-
sidered with a view to the keen student contin-
uing the subject beyond the limits of these
pages. The large number of miscellancous prac-
tical cxamples should prove of great value to
those students preparing for examinations or
striving to improve their position. Mensura-
tion, although the most interesting section, has
been placed at the end, so that the student can
apply trigonometry and logarithms to the solu-
tions of the problems.

MATHEMATICAL ABBREVIATIONS

-+ signifies addition *.' signifies because

., subtraction oC ,, varies as
X ., multiplication = ,, greater than
., division < ., less than
== . equalily (equal to) /\ ., triangle
.+ therefore + . plus or minus
Other signs will be explained as they arise.

ARITHMETIC

I. Revision of Numbers and Arithmetical
Rules.

15

EXPLANATION OF NUMBERS Fzes

6 units == 6

5X 10 , == 50

3,256 equals 2 X 10 X 10 ,, - 200
3 X 10X 10X 10 : 3ooo0

Total units == 3250

The total reads, three thousand, two hundred and
fifty-six.
10—(5461)

F,a'ch column increases in value, from right to left, in
multiples of 10. The unit may represent any one
tltnng, such as bricks, feet, yards, squares of flooring,
ete.

2. Addition. I'ind the sum of 3,765 and 276.

3.765
276

4,041 Ans.

ExprLaNATION. (1) 6 |- 5 = 10 - 1. Place 1 in the
first column and carry 1 to the 10’s column. (2)
I “6+4+ 7 :100 |- 40. Place 4 in the 10’s column
and carry 1 to the hundreds column.  (3) 1 - 7 4 2

1,000. Place o in the 100's column and carry 1 to
the 1,000’s column.  (4) 1 - 3 = 4,000.
3. Subtraction. Subtract 4.734 from 7,526.
7,526
4,734
2,792 Ans.

EXPLANATION. (a) Find how much must be added
to the second line to give the first line, i.e. gand 2 : - 6;
3and 9 = 12, carry 1; 1 and 7 and 7 15, carry 1 ;
rand 4and 2 = 7.

This is the correct mathematical reasoning but
probably explanation (b) will appeal to most readers.

EXPLANATION (b). (1) Take 4 from 6 = 2. (2)
Take 3 from 12 (having borrowed 1 from the third
column) -= 9. (3) Take 7 from 14 (again borrowing)

= 7. (4) Take 4 from 6 - - 2,

ExamprLe. To build a house 23,500 bricks arc
required. The bricks are dclivered on the job in con-
signments of 3,500, 4,000, 4,200, 3,250, and 4,225.
How many bricks are still required to complete the
work ?

HiNT. First add together the consignments and
then subtract from the required number.

3,500 23,500 = Number required.
4,00 19,775 = Number delivered.
4,200 ———
3,250 3,725 == Number of bricks
4,225 required.
Total 19,775
4. Multiplication. Multiply 5 by 3.

This means 5 units are to be taken 3 fimes,
and it is written 5 X 3, therefore the answer is
5 4 5 -+ 5 = 15 units. We refer to 15 as the
product of 3 and 5; and we refer to 3 and 5 as
the factors of 15.
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5 is the multiplicand and 3 is the multiplier.

Hence, multiplicand X multiplier == product.

Table I should be memorized before the
student can expect to work the exercises easily.
The larger figures show the method of reading
the table ; thus, 8 X 7 == 56.

TABLE 1
2 3 4 5 o6 7 8 9 10 11 I2
4 60 8 10 12 14 16 18 20 22 24
9 12 15 18 21 24 27 30 33 30
8 12 16 20 24 28 32 30 40 44 48
10 15 20 25 30 35 40 45 50 55 00
18 24 30 30 42 48 54 60 06 72
14 21 28 35 42 49 506 63 70 77 84
24 32 40 48 46 04 72 80 88 O
9 18 27 30 45 54 03 72 88U 90 9y 108
10 20 30 40 50 0o 70 80 9o T00 110 120
11 22 33 44 55 06 77 88 g9 110 121 132
12 24 30 48 060 72 84 0O 108 120 132 144

e 1~
-~
<

-
1

P AN
-
<

Multiplication by Factors. Find the product
of 256 and 24. We may write this example as
256 X 6 X 4, because 6 and 4 are factors of 24.

250
6
1,536 = 256 taken 6 times.
4
Product == 0,144 =250 taken 6 X 4
times.
EXPLANATION. (1) 6 X 6 . 36. Dlace the 6in the
units column and carry 3. (2) 0 X 5 - 30, add 3

== 33. Place the 3 in the 10’s column and carry 3.
(3)6 X 2 :- 12, add 3 = 15. Place the 5in the 100's
column and the t in the 1,000’s column. (4) Repeat the
process for 1,530 < 4.

When the multiplier is not easily factorized,
proceed as in the following example -

EXAMPLE. 435.

SOLUTION.

Evaluate 3,462

3402
435

13848
10380
17310

1,505,970

The product reads: onec million, five hundred and
five thousand, nine hundred and scventy.

ExpPLANATION. (1) Multiply 2 by 4, that is 2 units by
400, which equals 8oo; therefore place the 8 in the
100’s column. (2) Continue the multiplication of
3.462 by 4, —~ 13,848, (3) Multiply 2 by 3 (2 units
X 30 == 60), and place the 6 in the 10’s column ; con-
tinue the multiplication of 3,462 by 3 = 10,380.
(4) Multiply 2 X 5 (2 units X 5 units = 10). Place

- Product.

BUILDING EDUCATOR

the o in the units column, and carry the 1 to the next
column ; continuc the multiplication of 3,462 X s,
- 17,310. (5) Add together the three lines of working,

for the product.

5. Division. Divide 750,324 by 236. This
may be written in the form, 756,324 — 236 or
756324

236

In all three cases we have to find how many
times 236 will go into 756,324 ; hence division
is the reverse to multiplication.

or Dividend Quotient
236)756324(3204 = Ans.
708 ...

483 ..
472 .

1124
944

180 Remainder.

Therefore, 236 into 756,324, goes 3,204 times.
There is a remainder of 180, which will be con-
sidered later in conncection with decimals.

EXPLANATION. (1) 236 goes into 756 three times ;
place 3in quotient.  (2) Multiply 236 by 3 and subtract
from 756 - - 48. (3) Bring down the next figure of the
dividend, to make a new dividend of 483. (4) Repecat
the process.

Division may be performed by factorizing the
divisor, but the student must be very careful
with the remainders to get the correct full
remainder.

ExamrLe. Evaluate 66,201 - 315.

SorLuTtioN., This may be written, 006,205 -

(5 x 7 < 9), because 5, 7, and 9, are factors of 315.
5 {06261
7 |13252 and 1 remainder
9 |1893 and 1 remainder
_210and 3 remainder.

Therefore 210 is the answer, but there is a remainder.
Combining the three remainders, we have---

I+ (X5 1 (3%x7>5 —=1+4+5 | 105
= ITT

Thercfore 315 into 66,261, goes 210 times, with a
remainder of 1171,

6. Areas and Volumes of Rectangular Surfaces
and Solids. We will now consider areas and
volumes, so that the student can apply his
exercises to practical problems.

Fig. 1 shows a cube, that is, a solid with all its
edges equal and all its corners forming right
angles. The solid is drawn in isometric pr