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I. nrntODUCTIOH 

The purpose of tho one :ac>Gth llission to Beijing, SUZhou, WUx1 and 

Rugzhou, China, entitled "Structural systems utilizing light building 

materials" (DP/CPIV82/0l3), a United Rations DeYelopment Progr.._ 

project witL United Hations Industrial De•elopaent Organisation as 

executing agency, was for the expert in collaboration with hiv. Chinese 

counterparts, to falliliarize bJ.aelf with conditions and problems Gf 

present and fut-.ire production of building -terials and their use in 

lightweight house-building systems; to gt.ye infurmation on current 

pr~~tice of sillilar •terials and sys~ abroad through literature, 

slides and filaa;· tc Ii•• adYice on •thoaa of iaprortng their efficient 

use particulaaly in the design of appropriate structural systeM; and to 

~ recommendations for the organisation, policy and technical staffing 

and equipment for and projects to he undertaken by tbe Centre for 

ReHarch and De•elo.,..nt of Light Building ~terials which was being 

establi~hed in Hangzhou~ 

'1'he expert wu attached to the Ministry of Building llaterials 

Industry. The ldsaion was carried out in the month c~encing 15 August 

1983~ 

The expert acknowledges the excellent collaboration and kindness 

given by his Chinese counterparts, es~ially llr Qu Tongxin of the 

Jlinistry of Building Materials Industry and llr Kao Wenjie of tbe Centre 

for Research and Development of Light Building Materials, Hangzhou. 
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Ir. SUlll&BY 

A aission to Beijing, Suzhcu, Wuxi and Hangzhou, China, entitled 

'Struc~al systes utilizing light building materials' (DP/CFB/82/013), 

a UHDP project with 1JIIIDO as ezecuting agency, was carried out in the -

aonth ccmaen-.::lng 15 August 1983~ 

'!he expert visited :factories producing bricks, tiles, aerated 

concrete blocks and slabs, concrete large panel walls and :floors, rock

wool slabs, gypeua board, cold rolled steel :frMlng and glass :fibre; 

building sites aostly o:f 6 storey blocks. of 3s.2 to 4s.2 housing units; 

and gave lPCtures illustNted by slides, :filas and literature on building 

systeu and aaterials in u.K. and Buror-e. 

In the present and :future intensive houaiug COll8truction progrume, 

demand ezceeds supply :for all building aaterials: Research and 

develop1ent are ahNd at new lightweight aaterial.8 1 reducing consuaption 

of clay (to ainillise loss of agricultural land) and aaz1•tsinc the use 

of industrial ... te aa raw material; 

'!he expert rec<91ended that in the short terJ•, bricks should have 

perforations to save clay; wall external faces sb.ould be self-finished 

in brick or concrete without the use o:f renderiDf' or paint; rei?\for.:ecl 

concrete walls and colUllllS should be siaplifiec~; Uld that in the longer 

term, lighter roofs of concrete tiles or plastic coated profiled steel 

supported by cold-rolled steel trusses should bft developed; load bearing 

'no-fine•' concrete and non-loadbea:dng plastic coated profiled sheeting 

wall sy1tema .should be used; lightweight cold-formed steel and gypeum 

board building systeaa sbwld be de1!'eloped; f11•e precautions in building 

design should receive greater attention; and tl:le Centre for Research and 

Develoiment of Light Building J(atorials should have facilities for the 

construction and testing of prototype whole bttildinp~ 

I 
t 
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III. APPRAISAL 

A. Rousing d..and 

China is undertaking a long tera housing developient programme, 

as part of the plan to raise the people's standard of 11 ving and to 

relie.e the acute houaiilC shortage and overcrowding, particularly in 

the 11&jor cities. The current national housing progra..e of aajor 

cities is scme l<Xll a2 per year, with Beijing 611 a2 per year. 

B. Housing fora 

Jlost housing is in fora of long blocks six storeys high, the ll&Xiam 

height for which lifts are not required or prorided. In Beijing, blocks 

up to 18 storeys can often be seen, in which lifts are prorided. Jlost 

housing units are in the range of 35 to 45-2 each, with 2 bedr<Y.118, 

bathroom, kitchen and a saall entrance hallway sening as living and 

dining areas. 

c. Building uterials 

The expert visited-factories-producing bricks and tile£, aerated concre~e 

or flyasb/liae blocks and reinforced slabs, ho)l!Olr concrete blocks, 

preatressed hollow 'ore slabs, large panel wall and floor elements, stairs, 

·beaas and hollow columns, rooting felt, rockwool inaulation slabs, gypsum 

board, cold rollej steel stud fraaing, and glasa fibre (see Chapter V). 

Although deaand exceeds supply for all building materials, the shortage 

of clay for ll&king bJ"icka and tiles, and the loH of agricultural land fr~• 

<:lay extraction, are causing concern. Thua inveataent in research and 

development of materials and building deaicn is particularly directed towards 

means ol! reducing to a mini.,. tbe use of clay. 

Kore 1enarally, intens. efforts are being ll&de to d4tvelop liintweicht 

building uterials to obtain tbe aazi-...a vol\1118 ot building construction 

at tbe least conamption of raw aateriala and enersy. Special priority is 

given tc the use of a "'1de YL~iet~ of or1&11ic ar.d inorganic industrial waste 

and by-products aa raw materiala. 

I 
I 
I 
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D. Building syatas 

Rousing construction in the cities and sites Yi.sited consists of: 

Brick loadbearing nlla and cut in place or precast floor 

and roof alaba; or 

Reinforced concrete precast fr ... with 1nfil1 brick, block 

or large panel nlla and precut hollow floors; or 

Large panel concrete loadbearing nlls and precast hollow 

floor and roof slabs; or 

Aerated flyasb/lime autoclaved loaC:bearing blocks with precast 

hollow floor and roof alaba. 

Bffort is be~ng directed towards the deYelopment of very lightweight 

buildings; in addition to reduced aaterials consumption, they reduce 

eartbqu&lr.e-induced lead• which occur in seiaic areas in aany prcwince• 

in China. Jteen interest was shown in the ezpert'a own developnent of a 

lightweight bu!ld!ng systea using a cold-rolled steel stud structural 

fr&11e with t!lin board aterialrt for internal alld ezter:ial wall surfaces. 

Thermal insulation and energy conaervation in buildings are being 

actiYely oonsidered. 

Nearly all hou•ing blocks have a painted external finish.in different 

colours. This creates a legacy.of costly labour, materials and scaffolding 

in J>!riodic r.epaintinc f.or ~he life of the buildinga. 

B. Centre for Research and Development of 

Light Buildinc ll&terials, B•nphou 

'l'be Cent~, tbe ••tablishllent ot which 1• partly funded by UlfIDO, ~·.s 

situated in the diatrict of Tieubuiq•.ao, iu the city centre of B•nczbou. 

'1'he site bas been cleared relk:ly fo:r piling. Bricnork to the fir.t storey 

of the st.aft housinc six storey block h's been •ubstantiaUy completed. 

-.1 

.. 
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Another staff housing block on the opposite side of the Min road 

(Yingbinlu) has been completed and occupied. Pending tb6 COlllpletion 

of construction of the Centre schedule~ for the end of 1985, teaporary 

offices in the city h&Ye been rented, fr09 which the Centre is fully 

operational with 305 of its intended 350 full coapl898nt in post. 

'l'he Centre is organised into four DiYisiona: reme2rch, development, 

technical inforaation and training, and adllinistration. A number of 

:a • D projects undertaken for the National COl!mittee of Science and the 

Katio~l Kew Building Materials Corporation on ·oew .. terials research 

and design of prototype production ~nes are either coapleted or well 

ad•anced. Work requiring laboratory facilities are being carried out 

in collaboration w1 th other reHarch iuti tv.tes in various parts of 

China. Tbe first issue of 'Building and Structural Materials', a bi

monthly technical journal, has been publir.bed for national circulation 

by the Centre. 

Detailed proposals for equipping the Centre's laboratoriec sre 

~ing discussed. Tbe Centre bu expressed the hope that UHIDO •Y be 

able to &Hist in funding some of tbe equipment. Recruit.ant for the 

remaining 45 staff, •inly for the Reeearch Divisi'>n, is now under way. 

In the •anti•, the staff which the expert bas met have demonstrated 

high \e•els of coapetence, enthnsiaa and rigour in their tasks. 

I 
I 
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IV. OOICLUSICNS Am RB<XUIDDlTIOlfS 

'Die general direction in the development and use of bnilding 

:materials and systas is, with llinor exceptiorua, correctly related to 

China's conditiou. For further illprov~nt it is recamended that: 

In the short tera: 

Bricks ehould be lightened by introducing 18 to 20S circular 

pel•foratiou by s1Jt.9le modification of the enruaion process; 

Brick and concrete should be aade and designed to act as 

external weatheriu~ surface withov.t the addition of a painted 

surface or rendering. 

Groo•e• and vertical stripe patterns should be introduced in 

rendered or nooth fs.ce concrete external surfaces to relieve 

shrin!i.age crac1dng and iaprOYe weathering appearance; 

Shear wall diagonal reinforc8118nt should be eliminated in large 

panels, particularly in ncn-seiSJlic areaa; 

Hollow cores in precast colUlllUI should be aliain.ated as they 

serve no useful structural purpose and onlJ add to the complexity 

in precasting and ei•e an oversize appearance and space 

obstruction. 

In the longer term: 

The present flat roofs should be lightened by replacing·with low 

pitch (17jO) concrete interlocking tile• (40 to 50 kg/a2) on 

cold rolled steel battens and tru9ses, particularly in non-

.. iaaic areas, or by plastic coated profiled steel 5beet (5 kgtm2) 

on cold rolled steel lattice be .... 

i.oadbearinc 'no-fines., concrete, wilich is 1iaple to cast in place 

and economic in c ... nt conal:llption 1hould be deYeloped ·~or up to 

6 1torey buildings. For ,reater loads & combined reinforced 
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concrete fru1e au\! 'no-fir.-es concrete infill wall should be used. 

Plastic coate~ profiled steel for external wall cl~dding shoulu 

be developedd. 

Lightweight buildtng aystells using cold-fol'lled steel studs as 

s-truct\tral fra.e, lined with 17P11ua board internaHy and suitable 

boards tor external exposure, should be developed. 

Fire precaution in buildinas (fire re•ist~('..e, spread of flame, 

•ans of e.cape) should be conaidered. At present little 

attentiun is paid to this a•pect. Some concrete elellents at 

present prc:Juced are so thin that l;hey are unlikely to provide 

a half-hour fire resistance. 

The Centre for Research and Development of Light Building 

llateriels, Hangzhou, should have facilities for the construction 

and testing of prototype whole buildings. 
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V. VISITS TO FACTORIES, IMSTITU'mS AND SITBS 

A. 20-23 August 1963 Beijing 

Jingaun district houaing site of large panel concrete, cast in place 

panel forawork concrete, reinforced concrete tra.e with brick and block 

infill wall• and 11pa1111 board partition wall• with cold rolled •teel •tud•. 

Qingbe brick factory producing 52xl24x225 - solid clay bricks, 

output 15<11 briclca per year. 

Beijing new building .-terials factory, producing: paper:-faced gypsua 

board la. thick (output 20M a 2 per year) ; cold rolled pregalvanised steel 

etud .i:raaing, large panel concrete nll panels With aechan:lsed handling 

of heavy steel aoulds and ate- curing; rockvool plant producing l'MOO 

tones per year of Nlli-rigid insulating boards. 

Beijing gas concrete factory, producing aerated autoclaved sand-cement 

blocu.and reinforced roof slabs of density 500kglm3, output 120,000 ~ 

per year.-

B. 24-27 August 1983 Suzhou 

Ciaxiar.g ·village housilli, of up to 6 storey precast hollow coluans 

and reinforced concrete ribbed.slab with e~ge beama, non-loadbea~ing 

walls of flyash aerated blocks bonded into l&rge panel precast facing 

concrete panel. 

Kanhuan new village housing site, of loadbearing flyash aerated 

concrete block walls and hollow precaat concrete floors, 4 •t~reys. 

Suzi1ou building el ... nts factory, producing hollow squar6 rein.forced 

concrete col~'llD•, ribbed floor slab• with aerated concrete block infill, 

larce panel wall• with aerated concrete block infill and aerated autoclaved 

flyaoh liM/ceMnt blocks cf 50Ckr/m3 density. 

Whole day lecture to ~bout 100 en11neers and architects on: System building 

in the U.l.; Design of lightweight structures; Building failures; Roof and 

wall claddine materials. 

I 
j 
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C. 28-31 August. 1983 1fUxi 

Building structures laboratory. 

Cement and concrete building products research institute. 

Whole day lecture to about 75 engineer• and architects on: Systea 

Building in the U.I.; Design of lightweight structures; Building failures; 

Roof and wall cladding materials. 

WUXi ceaent products factory, producing ho110lr prestressed slabs, 

hollow square reinforced conc::-ete columns and roaa size roof J>('.nels. 

A suburban housing site to see a typical 'hard' roof waterproofing 

construction, consisting of a ~ cast in place s~reed over 2 courses 

of bonded brickwork (120lla thick) over a screed to ~alls, over hollow 

prestressed concrete slabc. 

GlaH fibre production and waving plant, output 200 tonnes per 

year mainly for tex~ile• and wallpaper base, but a future possible source 

of supply of glass ~ibre mat (when the present factory is moved to a new 

site with extended capacity) for use as a base material in place of paper 

base in the production of high performance bitUJl8n roofing felt. 

Linung clay brick and tile fact~ry producing solid extruded bricks 

and single lap interlocking tiles in tunnel kilns as ~:1 ad research, 

development and production of brick making machinery for other factories 

and for export. 

D. 1-6 September 1983 Kanpbou 

Hangzhou roofinr·felt factory, output 780,000 rolls per year, of 

la wide by 20ID lone paper based roofinc felt, 2Skc par roll, including 

bitm1en proce•sinc. 

Marble quarry, cutting and poliahin3 factory, producing hi.gil quality 

'Han1zhou grey' 2Cllla thick, out;ut l~ooo-3/.year, nearly all for export; 

adjacent ~ement work9 prt>ducinc whi~e cement using marble waste •• raw 

materi~l. 

I 
I 
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xtaobe concrete building products factory, producing large dense 

concrete hollow blocks up to l.5axO.&axo.2ax2.8ca wall thickness, 

prestressed hollow slabs, large ribbed prestressed slabs using large 

steel aoulds and sechanised handling and curing chaaber. 

Site of 8 storey, 740 bedrocm Wanghu Hotel, in course of super

structure conatnction, of precast and cut in place reinforced concrete 

frame, prestressed hollow slabs, brick infill walls and beat reflecting 

glazing. 

One and a half days lectures to over 100 engineers and architects on: 

Syst• Building in the U .JC.; Building failures; Design of lightweight 

structures; Condensation control; Inergy conservation and tbe:rsal 

insulataion in 1>uildings, U.K.; Develoiments in structural design method'1; 

Roof and wall cladding ae.terials. 

Half day technical discussion with about 20 engineers and architects 

of the Centre for Research and Develoi-ent of Light Building Materials, 

on detailed questions concerning the subjects of the lectures. 

Ealf day discussions with senior llinistry, proYincial and city staff, 

engineers and architects on the background, ~stablishment and scope of 

work of the Centre for Research and Develoi:ment of Light Building Katerials. 

Site o! Centre for Research and Development of Light Building Materials 

at Tiensh11iqiao in the city centre of HaJlGzbOU. Foundations and p11rt c,f 

the ground floor brick walls for the 6 storey housing block had been 

completed. 

B. 7-13 September 1983 Beijing 

Three whole-day lectures to over 100 eng1neers, architects and building 

materials production tecbnolopsts on: Sy•t• Buildinc in the U~K.; 

Buildinc failures; DHip of liptwipt structures; lllerCY conservation 

and thermal insulation in buildings; Condensation control; Roof and wall 

cladding r.aterial1; Developments in structural design method• and 

determination of dead, iaposed, snow and wdnd loads; The British Standards 

Institution and the preparation of Briti•h Standard• and Code• of Practi~e 

for Building and Civil Bncineering. 

I 
I 



- 11 -

Visit to the Beijing Roofing Felt Factory, capacity 2.511 rolls 

lJnx2Cll pAr year, followed by a lecture to senior Jl8Jlagers and engineers 

on flat roof waterproofing materials in the U.K •• 
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VI • LECTORES AMD 'l'BC&'BIC'AI, IM10BllA.TION PBOVIDED BY UPDT 

A. Lectures 

SYSTlll BUILDIRG Dr ml U.K. Deftloi-ent of houae-i>uilding 3y&t8118 

since the 1960s; high rise large panel concrete and cast in place cross

wall concrete •Y•tem8; low riae no-fines concrete, t!llber frame and 

cold-fo:n1ed steel frame systeas; econCJllics and productivity of systea 

building. 

BUILDIMG FAILlJl.lBS. Progressi ft collapse of large ,anal structures ; 

strength reduction of high alUJlina cement through chelli.cal conversion; 

steel corrosion in reinforced concrete through use of calcium chloride 

to accelerate h&rdening; brickwork wall and reinforced concrete building 

frame d ... ge d\18 ~o caabioed action of irreversible expansion of clay 

bricks and shortening of concrete frame by shrinkage, elastic shortening 

and creep. 

LIGBTRIGBT BUILDING JZSIGlf. Advantages and disadvantages of 

lightweight buildings; sequence in t:.;e development of a lightweight 

system; choice of structural form; loadbearing cold formed steel stud

frame system whi~h can reduce overall aass of building to 1/5 compared 

with traditional masonry and concrete construction. 

ENERGY CONSERVATION IN BUILDINGS, U.I'.. Climate; indoor cOll:fort 

levels; heat loss through various parts of house; u.K. Building 

Regulations 1982 regarding thermal insulation requirements; methods of 

reducing heat loss in old and new houses. 

COlC>DSA.TlON COtmlOL IN BUILDINGS. De•ign assumptions for outdoor 

and indoor temperatures and humidities in winter and suaier; concept of 

'warm', 'cold' and 'inverted' roof and wall enclo11Ures for conde1U1ation 

analysis; detel'llination of dew point and calculation of interstitial, 

winter condensation and S\lllller evaporation of condensate; safe levels 

of winter conde1U1a~e retention in insulation materials. 

ROOP AMI> WALL CIADDING llATlllIALS. External walls;' brickworkr 

the Brepak high pressure hand press for making blocks cf clay soil 

with small amounts of cement or lime added ; roof and wall hung concrete 
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tiles; profil&d plastic coated steel sheet cladding; iaproved bitumen 

roofing felts ot high extensibility and fatigue resistance through use 

of polyester or glass fibre bases and of polymel" and synthetic rubber 

extended bituien; asbestos ce11ent sheet and roofing slate; gypsua board 

for ceiling and wll lining and 1aproY898nt of fire resistance by 

addition Qf glass f!bre and perlite in the pl.aster. 

B. Literature 

16 set5 of selected product data, design manuals; research papers, 

British Standards 1983 Yearbook, Standards and Codes of Practice, Spon's 

Archi tee ta and Builders Price Book, 1983, which cover the lecture 

subjects listed above. 

c. Slides 

A~out 200 colour slides illustrating use of building mat•rials and 

systeaa of building in the U.K •• 

D. Pil.u 

'Redland roofs the world', a 10 minute 16- colour fila provided by 

courtesy of Redland Roof Tiles Ltd, U.JC .. , showing the worldwide manufacture, 

research and development and application of concr~te roof tiles. 

'Bricks and brickwork manufacture', a 15 minute 16m colour film 

provided by courtesy of the Brick Developaent association, U.K., 

illustratlagtbe manufacture, development and application of clay and 

calcium silicate bricks. 

'Pel'IUUU. te expertise', a 20 minute ddeo tape provided by courtesy 

of Permanite Ltd, U.K., illustrating the aanufacture, development and 

application of various bitumen roofing felts. 
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