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FOREWORD

This publlcaulon was prepared under contruct
by the UNITED STATES JOINT PUBLICATIONS RE- |
SEARCH SERVICE; a -federal government organi-

zation estaollshed to servica the translation
and research needs of the varioas government

departments.
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't;}ou THE ‘REDUCTION OF THE DEAD WEIGdT oF. STRUGTURE&
L COMMUNIST GHINA -v:~x‘ A

[Following is the’ translation of an’ article IR
written by Wang Ta-tsun, of the Construc~
tion and Installation Office, Departmental
“Office of the Gonstruction Engineering Min-- -
R 1stry, An'T' yemu Kung-~chleng Hsueh-pao (Civil Bn~- © v
B ;*". gineering J ourral), Peiping, No 5,1950; 5% 1.-7,]

‘EditOr ] note.h This‘argicle offers a number:}'”‘
..of opinions concerning the reduction of the dead
-iwelght of structure and it is hoped that- these ideas

‘f:f'will attract greater discussion and further research. o

In construction envineering, great efforts have been-'

put intc the reduction of the dead weight of structure. This’
" is one of the important items in the content of the present - -
- technical reform and technical revolution movement, B At~ " -

thig year!s A11-China Enlar rged. Construction Enginéering Con—d

:,ference, sponsored by the Construction Engineering Ministry
" and attended by all provincial conatruction engineering -com~

missioners and municipal or hsien conetruction engineering
bureau chiefs, vice-Minister Yang Ch'un-mao made definite
demands and gave valuablée instructions concerning this pro- .
blem, Accordingly, the problem of how to attain the’ reduc-
tion of the dead welrzht of structure has now becohme one of: '
the most important factors ‘that attracts the attention of

. all construction’ engineers in China and it is also the most -
interesting problem. This ‘article tries to discuss the Pro- -
“blem of reducing the dead welght of structure from the po-
‘_sition of a. designer. @wing to the limitation of his know< -
ledge, the writeér may have entertained erroneous views, for o

which hée- asks his readers indulgence.

; 1. The Meaning of Reducin the Dead Weiﬁht of Structure -

| The reduction of dead weight cf structure has a very




important meaning to the natlonal economy. 4As far as oons-
struction engineering 1s concerned, it 1s a very important

. measure in the implementation of the Party’s soclalist con-

“struction and general line: The reasons why this problenm
has attracted so much attentdon are:

After the dead weight of structure has been reduced,
its first effect is the economy of & greai amount of con-
struction materialss At the Bame time, owlng to the fact
that structural dead weight generally constitutes a very
large proportioh of the total load supported by the construc=
tion structure, after the dead weight has been reduded, the
size of the oross-section of the.construction structure will
be corréspondingly réduced, thereby the amount of materlals
used will be also reduced. .. I

.. There are many merits in the economy of .construc-
tion materiels: (1) Such an econony will better resolve the
contradiction between China's enormous task of capital oon-
struction and the inadequate supply of constructlon materi-
als., If structural dead weight were reduced and less con-

struction materials were used, 70-80% materials would be

able to complete a 10074 task. ~ . .. o

.« “(2) It will reducé the amount of labor and expendl-

ture used for the productlion, transportation and installa-
tion of the amount of constructlon materlials that has been

.. .economized., Especially, the amount of labor and expendl-

- ture consumed. in the transportation of construction materials
- Ag very enormous, ‘The most .commonly used construoction materi-

als, such as bricks, tiles, lime, 8end, stones, etc., .are -

... very heavy and bulky, thus, the amount of labor.required for

. .their transportation 18 very large., @ T

.. .. For example, take the case of the Construotlon Min-
“istry, if the structural dead welght of all the sonstruc- .
“tion tasks underteken by this Ministry can be reduced by ..
.. 10% on an annusl basis, 8-10 million tons of construction

. materials will be economized.. This means an economy of
1.270,000-330,000 freight cars that would otherwise be re- .
'quired to transport the amount of construction materials

.. 80, réduced, or the économy of 1,600;000-2,000,000 heavy. ":

.. B=ton trucks; , In turn this meahs & great rellef of the pre-
méentwgbn%esyedfqdndltioﬁs.Ih transportations .. |

(3). 1t ‘will educe the manufacturing costs of oon-

. ptruction structures, At present, materials constitute 60~
80% of the totdl manufacturihg cost of .structures. 'There-
fore, the reduction of construction materlals will be a
very important factor in reducing the total cost of a bulla-

- If we regara #ﬁé:fédﬁ&fidﬁ of_é£fﬁ¢turé; dead welght
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turn means greater spadé’ fqr é
_ubuilding. To- use light-weight materials to reduce struc-
- tural dead welght.will also raise structure: abllity to keep
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. 88 merely a means to. eeonomize construction materials: and
" to lower the cost of & buildi g project, this 1s hot enough.
. We must take ndte: the redu

@ on of struetiral’ dead: weight
mebns the reduction bf  stryt huﬁgédroés-sectien, which' in
ctive usé afforded by the

heat and heighten its eound-proof effect,: -
In addition; in an earthquake zomne, upecial consider-
ation must - be given to the reduction of structural dead-

;fweight because in such areas the structure must -support a

very large. horizontal earthquake load., Owing to this very
large horizontal earthquake load, not only préverntive mea=-
gures must be adopted but the cross=-section of the load

. -supporting structural members must also be increased., Under
~_‘general conditionsg, the horizontal edrthquaké load 'is-in
direct proportion to structure load; therefore, “if “the struc-

tural dead weight were reduced, the horizontal -earthquake
load can.algo be reduceds If aluminum alloy thin plates

";and high efficiency heat-proof and sound-proof materials
"can be made-into thin plates. as roofing materials, such a

roof, as compared 10 a reinforced concrete roof, -is lighter

by 90-93% and the horizontal earthquake load due to the

dead weight of the roof will be lowered by 67-75%.
‘The reduction of structural-dead weight will also

Vl.hasten the speed of inmstallation. With- similar hoisting

crane. equipment,” greater pre-faobricated structural members

~can be hoisted, - for instance, large floor slabs that can

cover the entire area of a rcom or.the pre-fabricated struc-

. ture of an entire room, - Under such conditions,. the speed
S of oonstruction can be greatly accelerated,

Summarlzing the above facts, the reduction: of struc-

:"turel dead weight can dexinitely fulfill the godls of "more,
v faster, better and cheaper,' . . Therefore, great efforts have
,been exerted. to. seek various means to redace the dead weight

of structure. This is the most important task that confronts

our oonstruction de31gners toaay '

‘2° Wavs to Reduce the Dead Weight of Structure

There are many ways in whioh the reduction of struc-

ttural.dead weight can be’ ‘accomplished. PForelign and Chinese

designers have accumulated mueh. experience., In Ghina, -Har-

- ' bin designed ‘and built, the new: technical ‘building, using
. pumice . stones as. aggregate in silicated fléor slabg and slag
“silicated block waglls. As compared with the ordinary buildings,




the structural dead welght of this new. buiiding is reduced
by more”than 30%. In foreign gountries, especially in the
Soviet Union, .great attertion.is given to the reduction of
structurdl .dead weight. At present, ' the dead weight of ci-
vil-buildings hes been reduséd frot 2,5 tons to 1.1 tons
per square meter,. while the" Jowest dead welght for residen-
<. t1lal housés is-only.0.76 ton.per square meter, It 1is planned
that within seven years,: the average reductlon of dead welght

. ... of structure and.bulldings will be more.than 30%, ' Each year,

the amount: of materials eeconomized will be 100-150 million
tond, - Here; atoording: to experiences that are elready un-
- derstood, are .several. 1moortent waye to reduce the ‘dead
mweight or structures.;- ‘ B

e (l) Improve building load aupporting structural mem-
bers eo ag to. fulfill the qoal of reducing the. dead weight

“ftqof etructures.:

- In the. entire dead weight of the building,‘the dead
weig t of the load. support1n~ e*ructural members cornstitutes
70-80%, the rest is the weight contributed by decorations
and equipment;'. ‘therefore, .the principal way to reduce the

.. dead weight .of -struetures lies in the reduction of dead -

welght of the load supporting struetural members.: :”,utx

(A) Adopt & reasonable deeign for the structural
arrangement. A reasonable.design for the structural arrange-
‘ment will reduce the -dead weight of the structure, thus,
when the design fer: the gtructursl arrangement is made,

- sareful comparison and selection must be made. . -
R In industrial: construction, a- reasonable design for
structural arrengement should observe the following factors:
- (a) Statlistlcal data show. that the squarer the external form

~ﬂniof the @res occupied by a 'plant building becomes, the great-
' er the dead welght.of the structure 1s reduced.. But under

©. - general conditions, ‘the- dimensional length of a single-story
. plant building's .area along the distance of columns is
generally greater than the span,. In order to make the mea-
surements of the area come closer to the shape of a square,
the dead load of the structural members of a multiple-span
plant building 1s.usually lighter than that of the structur-
al members of the single-span piant buillding.,  The dead

.- welght of the structural members of a single-story two-span

“;'plant bullding 'is generally lighter than that of the struc-
. tural members of the single~gpan plant puilding by about 20%,
while the dead welight of the structural members of the three-

.- span ‘plant bullding is again lighter than that of the struc-
© .tural members of: the two-span. plant Jbuilding by. about’ 10-15%.



: Accordingly, we must 40 our utmost to combine all.
those- smaller plant buildidzs that, house simllaﬁ productive

operations or dlogely remated aotititieé, or scattered de-
partments, smallepr épan& intd ‘g lapger ptant building

Undér such - onditioms, tHé nunber of walls that are built'
to protect he structural members ‘ean be reduced° At the
sameé time, because the number of: columns along the direc-

’1'tion of the span:is increased, it is.favorable +t0. the sup-
- porting strength of the cross-wlse frameworks} thus, -the
" eross-section of ‘the. columns can be reducéed. . As’ & result,

the dead weight of the structure is also reduced.. In- addi-
tion,  a combined plant buildinv will fa*se the modulus of

v‘the-building% construction area, reduce- the. ground, space
~of the plant building itself; and lessen the length of- the
’engineering pipe-lines, publio utiliuy oipe-llnes and ad—
gjacent ro adSu

(1) The measureuent for the networK of” columns

_ in an industrial plant bulldlne must be approprlately en-
“ larged, " Such an. arrangement will better suit. the develop-

ment of productive techniques and the active instatlation

"Vlof equipment and also enable the structural dead weight -

to be reduced to- the'minimum. Economic comparison shows -

'that in a multlule—span plant building with no bridge-type

cranes,’ the most ideal distance. between columns is . 12
meters and the most ideal width for spans is 18 to 24 meters.

'i‘Where theré is. suspended transportation equipment; “the ‘dig=
‘tance between columns should be 12 meters. .But on the sup-

porting structure, there should be a truss structure erecte-

. ed at six meter intervals. Such a design is more suitable.
;\;'In a: multiole-span plant building with brldce-type cranes,
‘7 “the distance: between columns should be 6=12 meters and the

‘”?Wldth of span should be 18 meters, . .

(:)'lhe space. arrangement of an industrial plant

.Tffbullding should be typical and: simplified., In one plant
- building, the spans and height should be of uniform mea-
 surement so that there will be no varying measurements in.
. the pre-fabricated: structural members, In the past, it was
c‘musually assumed that in order to reduce the volume of a
“‘plant ‘building, its transverse section'should be constructed
" in such a way where there would be varylng heights, formu-
“lating a so-called "effective shape". But, in reality,
" ‘this 1s incorrects Aecording to analysis, such an arrange-
- ment may reduce plant building volume to ‘a certain degree,
. but under most conditions, the. varyind heishts iof the trans-
© - verse section.render the construction of the structure more
'~comolicated and the. loading distribution of the transverse
© direction framing becomes more- serious and as a result,,v




Wproduction cost wili ‘be higher.i]- R

L As to the problem of Wne+her the plant building
ghould be construoted on the Basis of one. . story or. of mul=-
tiple stordies, it ‘should be’ decided on: tne basis of the aote
ual conditions, . In general, one-ebory plant buildings are
more dponomical -than the multiplé-story buildings, For in-
stance, & Soviet chemical industry one-story plant bullding
(span 18 meters, . height .5-6 meters) ‘has a construction cost
of 400 rubles per square meter, while the.cost for multiple-
story plant building is et 500 rubles Der square meier. - Con-
“sequently, if the coneuruction project is not limitsd by
ground gpace, it is nov edvisable to use the narrow (less’
than 24-30 meters) multiple-story plant building design."

* In many -cases where . the _productlion process consists
of ‘& vertical production procedure, it is better. to change
the process into a horizontal production procedure so that
the plant building.can te changed into -a one-story.bullding.
At the same time, whenever the load.is greater than.1-1,5 -
tons per square meter 18, one-story piant building should ‘be
adopted. _
(4 In designing industriel plant buildings, there
is another effective method to .reduce the dead weight of .
the structure, Thie method stresses the importance of separat-
~ing the beanm euructurel members of .the brildge-type cranes

" fpom the load supporting structural members of the plant

“bullding in the design. - According to Soviet stdtistics, the
“four-span one-story plant building (the network of columns
"18x6 meters, length 150 meters, height -8 meters). without

‘ bridge-type oranes has a structural dead weight of 100/,;
while a ‘similar plant buildinﬂ that has .a.5-10 ton ¢rane has
a structural dead weight of 116 - another similar plant :build-
ing that has a 15-20 ton. crane hes & structural dead weight
of 122%, still anbthker similar plant buildin% that has a 30
ton crane has s. etructurel dead welght of 126%. The reason
that ‘the dead welight of structure continues to 4increase lies
win the fact that there is the load of the crane equipment
‘erected on the. plant building. etructure, incrsasing the in-
-ternal supporting strength of the columns and enalrging +the

’M'oross-section of the. columns. &t the same time, with the

‘crgne -beams, crane ralls, and the repair platform and other

. such structural membere, the heivht of the plant. building
must be correspondingly reaised and haunched construction
mist be added to the. columns. ‘of course, at present, the de-

" glgn for those plant. bulldings that have bridge-type cranes

‘not.only has the woakness of heving an. inoreased dead welght
of structure but also; has the  limitation of beam span for the
orane. As ‘guch, the distance between the columns cannot be

6
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:.extended, restridting these. plant buildings from many uses&
Now, because.of this: fact the trend. in_the,Soviet Union is-
not to use ‘the. briddeltype crines ivside plant buildings for -
internal ‘transportatiod bub t6 ue shdll veéhicles, .or cons
tinuous transportation equipmett; or the new. electrically ‘
operated tackle -blocks, or door-type eranes, . or; air-coupress-
ed transportation lines and hanging cranes to 'substitute for
the brldge-type cranes. Special attention must be given to
this fact. L ‘ :
(e) In one-story plant buildings, the f\ shape or |
' ﬁtshape sky-light gtructure should not' be adopted . because .
" these types of: structures have many weaknesses., -First of
all, they have sky-light frames, sky-light 'side walls .and
the structural members 6f the end partitions, which increase .
the load of the roof &nd at the same time, thesge structures
aggravate the serious load distribution on the building. -
frame works, .¢hanging them from receiving an even load to
supportiug ‘a-congentrated ldad. 'As a result, the materials .
~for building frame must be increased and the structural dead .
weight is corregpondingly increased, ' v
. ‘Not only %his, but after /A shape or A shape sky—w
1ights ‘are. erected, there will be an. additional load from .
the wind and snow; the: former is broughi about by the in- -
creased building area while the latter is caused by: the &
snow plled on:the side of the skyulignts,_ This is quite a
serious problem in places where the climate is very .cold. :
If flat top gky-lights or roofs, no: sky~lights are used, the -
above-mentioned weaknesses will be eliminated. and further- .

. ‘more, the counstruction ecost for the- roof will ‘be- lowered by

- 15-20%. - In‘¢old elimate areas, ‘such roof structures will
‘reduce the possibility of losing heat through the glases . -

‘structure of the sky-lights and the cracks” in the . sky-light P
panels, Loss through such means 1s genérally more than 50% ..

of the ‘total heat lost through the entire supporting strue-;u -

ture of the plant dbuilding.
‘ (f) In-certain industries, some enterprises are
~operated by equipment that are installed in open-air or- .
partially open+air-areas and do not require plant buildings
to house or: partially housing the technical equipment, Such .
enterprises: naturally ecoaomize a great amount of .construec~:
tion materials, . This method of not housing or bartially
housing the equipment in the plant buildings brings another
_convenience to production, because it enables the enterprise:
to transform its structure readily, and at the same time,
. the constructlion of such an enterprisge can be done rapidly. ..

Though this is. the most thorough méthod to reduce the dead
weight of structures, most enternrises ‘now- (mucn more 80 1n



the future) cannot ‘adopt this method because thelin eQuipment
end products cannot be operated and manufactured-in the open-
. air areas, According. to: preseént ereriences, such enter<’
prises as the cement factory mining ‘énterprise, heat-re-*~
sistant materlials plant, oértain chemical’ industries and
-:roil refinery can be operated in the open-air areas. -
wo o, Inoelvil construction, under certain conditions,

-the use of partition walls {internal walls) to -support the
16ad instead of relying wholly on the outside walls (exter-
‘nel walls) is another method to reduce the dead weight of
structures, ' In designing the externsl walls, it is often to
make them very thick, not becauss they are required for thelir
stbength but because they are required to preserve heat; and
‘a8 ‘such,; the materials so used are not employed to their
fullest extent. .If the internal walls are used to eupport
the load. and light materials-are used for the constructlon
of the: external walls,.the construction materials will be .
.\ised: to. thelr fullest extent, and the dead weight of the.
i: walls will be reduced. Not. only this, but to use the- intef-
‘nal walls to support the load will reduce thé span of the-
floor slabs (alonsz the surface of the rooms but not along
the depth of the building), and will form &-continuous multil-
ple-gpan . series of. alabs, whose thiokness can be acoording-
ly reducede,

‘ Calculations have shown that internal walls load

supporting, a8 compared to external walls load supporting,_
- 'reduces the dead weizht.of structure by 160 kllograms per’
square. meter. If there were 10,000,000 square meters of
.residentlal houses constructed each year throughout the coun-
try, there would be 1,600,000 tons of construction materials
economized.. Here attention must be called to the fact that
“internal walls load supporting does not under all conditlons
reduce the. dead welght of structures as compared to the ex-
ternal walls load supporting, but in the over-all design,
an economic comparison should decids the problem., - .

. .. In additlon, to reduce the height of storles in re-
sidential houses 1s another effective measure 10 reduce the
~dead weight of structures. For instance, the helght. .of a
‘story reduced from three meters to .2.7 meters will lessen.
the structural dead weight by 4-5%.  In the Soviet Unlon,
the height of a story has oeen reduoed to 2 5 meters. L

. (B) Adopt hign erfioienoy structural forms to reduoe
the dead welght of structure.

‘ © - -High efficlency structural forms’ can direotly but

not’ indireotly distribute the load on the supporting struc-

“turé to-foundations. -The internal load of the structure is



an axial stress but not a bendlnm stressl The high efficien=
ey structural fobts ean fully ubilize the ‘1bad carrying capa-
¢ity of the materlais ‘béghuse, tﬁi éeledtldn of the - -8trucs
turel ferm is based od tm watbiials) At the ‘same-time, .
the shape of thelr cross<dattioft is menerally composed of
thin walls,’ aolloWed centdr, . and, curted surface but not .

-, horizont#dl; ‘decdrditigly, the structural dead" weight is Very

. emdll, At present, ‘those prin01pal high efficiency struc-

tural forms that’ should be mentioned here are: . " -

: In the field of steel reinforced concrete structural
members' :
. (a) Fabricated pre-stréssed. steel reinforced con-
,‘crete structural members: Owing to the utilizatlon of high
strength steel materials and reinforced concréte, these -
structural members not only enable thHe structure to become
.better (in respect to.its ability to resist cracking, .have
better durability and to substltute for steél structural
~members . in 1arue spans), but also redute the G¢ross-section
of the structural metbers, whereby the dead wsight is also
reduced. , In an individual case where high strength steel

”L”materlals and the No 1,000 reinforced concrete are used, it

is possible to reduce the dead welght of the ‘steel reinforced
concrete ‘structure down to close to that of a ste'el struc-
ture (if No ‘1,000 reinforced concrete 1s used to ‘construct
..an 1l8-meter span of pre-stressed frame-~work, the weight of
each unit 1s. 2.6 tons, which is equivalent to only 55% of
-ﬂthe weight of a steel frame-worx), .
: (b} Shell structure: Owing to its abillty 10 . dis—
thlbU$e Jery rapidly the -load of the roof to the external
-walls that support the structure, ‘the internal load of the
shell roof structure is principally an exial stress (most
of which is pressure stress), 80, the thin shell. roof: étrue-
- ture can fully utilize the merits of the load carrylng ‘capa=
-elity of réeinforced concrete, uniting the roof structure load
- supporting ability and its protective function into one, so
“its thigkness can be made very thin, At the same time,
sincée the surface of the thin shell structure is a ‘curve,
. dts rigidity is very high.. Owing to these- advantages, to -
‘ouse a.thin shell siructure to cover a great span of a. roof
is-an’ extremely favorable condition: in reducing structural
. dead weightys “This type of high effi¢iency structural forms
‘has become more obviously acknowledged by the general public,
The existing problem is to ereate more up-to-date thin.shell
forms, to develop fabricated thin shell structures and to
further simplify their .calculation methods so ‘that this type
of structures will serve the construction industry better.
: " {c) The ‘structure of rolled plate8°'.The atructure




of rolled steel reinforced condrete plates 18 the‘most ef—-

- " fective structure in construction.~ The'se plates gan be ueed

in intérnal end externdl’ wallsy prd-stressed flodr slabs
and roofing plates. Thelr strutture is formulated by .steel
reinforced condrete thin well ribbed plates--shell plates.’
The external walls are erected by the Joining of two shell:
plates, in between which & layer of asbestos for. preserVing
heat is inserted.,  The internal walls may use one shell plate
“or may Join two shell plates for their formation. Betwéen
~'the shell platés, dowels are inberted so that they can be .
easlly welded together., These rolled plates give the fin-
‘ished products a very high strength and an accurate geome-
tric measurement, They can make & thin wall as thin as onée .
millimeter' thus - they help to economize oonstruction materin
: ' When the frame-work 1s welded together, ror each .
square meter of 1living svace, 0.334 cublc meter of, concrete
and 26 kilograms of steel are used., If mlneral slag rein-
foreed concrete: pletées are used for the construction of re-
sidential Houses, the dead welght for each cublc meter is .
470 kilograus, while pottery aggregate reinforced concrete

.. wall plates are used, the dead weight will be 370 kilograme,

and if rolled plates are used, the structural dead, weéggt
1g only 226 kllograms, - Thia 1s a, reduction of about -third
40 eneunelfc
*The merit.of a rolled plate structure not only lies
in 1ts ability to reduce the structural dead welght but also
-.11e8 in the fact that the structural members can be produced
on-a factory basis, reduclng the amount of labor. required
for its production and. installation, extending the measure-
ments for the plate structure, and reducing the necessity of
: re-prooeesing, because the surrace of the plates is very
~~smooth. o
: " - All these facts help to hasten the speed of construc-
tion, At the same tlme, when these plates are rolled, heat.
is being generated so there is no necessity to apply a steanm
operation; ‘therefore- manufacturing time 1is shortened and
plant production efficlency 1s also raised.
(@) The load carrylng space structural unit° This
type of structure 1s the most advanced type of fabrloated ,
- gtructure for housing ceonstructions, It is a single unit or
) COmplete fabricated room as a unit, being a hexagon box-
‘shaped structural member. The - internal decorations or equip-
ment-.of the room aré completely finisheéd at the factory and
- “the’ completed room 1g then ‘transported to the construction
area where it 18 being erected. Such struotural members
. oun be ‘used not only-in residential homes but-also in hotels,

10
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public dormitories and hOSpitals. The space rigldity. of these
‘space ‘structures -has been greatly increased and: the load on

- the -cross-wise and.length-wille intérnal walls 1is also reduc-
“ed, ‘The load supporting caphtity of the conigthhiotion materi-
als is fully utilized, ' AbBbrdingly, construction labor is’

- greatly lowéred ‘and the plant ouilding is completed within

2 shorter period of time,

According to Soviet SUatistics, residential hodses
that are constructed.with these structural members have
shown excellent technlcal and econoiiic values: compared .
with 1arge-size wooden -structures -and, 1arge-size fabricated
structures, these fabricated wroom units have reduced the
dead weight by 140-180 kilograms. per cubic meter, the ‘amount
'6f steel used for the construction of houses per’ ‘eubi¢ meter
is 4.5 -killegrams; the amount of labor used at the . construc-‘
tion area 1s 0.4 labor day; and the amount. .of réinforced’ .
conerete used 1s'0.08 cubie meter. Not only this, the adop~
tion of these compléted room units also: reduces the ‘quanti-
ty of installed structural members-and a smaller’ var;ety c
of varying sizés of structural members, . o
: - For insuance, to construct a pre-fabrlcated large:
‘#ooden 'house, it needs more than 30 varieties of ‘structiural
.members of varying measurements, whereas the. constriuction of
‘a ‘load carrying space structural unit needs only five vari-
eties of structural members of varying measurements. ‘This
1k advantageous ‘to production based on a factory basis.‘_
Owlrng to the nature of these completed room units; the com-
plicated installation of decorations, sanitary equipments
all are done in the factory where: quality &nd the high ds=
‘gree of industilalization can be guaranteed, . Gonsequently,
these structures have a very promising future in their de=- .
velopment, .-

- {e) Foldea pl ate structure- ‘The surface. of this
structure is formed by wany horizontal broken-linés, ‘Bagigs.
rally it is similar to. the thin shell structure and has many
- 8imilar merits, but its load carrying capacity 1s inferior
. to that of the thin shell structure.: However, 1t has cer-"
tain advantages that cannot. be paralleled: by .the thin: shell
structure; that is, because it.is formed by horizontal - V;
plates, its ‘mould plates can he constructed more easily.,,
‘At present, folded plate structure 1is not very widely “used.

In steel reinforced concrete structures, besidés
the above several high efficlency structural forms, there
are other forms for the cross-section of the structural = .
members, - such as hollowed: centegr and thin wall structures,
“with which the goal of .reducing the structural dead weight
may be fulfilled.’ The most oommonly seen are the hollowed




'“inloor slabs and the hollowed. fabricated foundation blocks»

fAccording to Soviet experiences, to use hollowed blocks 10 _
construct & foundation can reduce the dead welght of a' strip-
shaped foundation by more than. 40% end thé construction cost
by 30-40%. ‘It can be safely predicted that the employment
of hollowed thin-wall cross-section structure will be wide-
‘ly applied in the future, o
"In the field of. steel structurezA e I

' ~{a) Buapended: structure:, Suspended structures are
mostly used in large-span roofing structures. In thls type
.of 'structures, the principal load carrying structural mem-
~ bers are the steel cables which support the stress; there-

"~ fore high strength steel cables are used as load carrying
jﬁstructural members, as such, the materials are used to thelr
-fullest €xtent and the amount of materlals used 1is preatly
reducéd.” In addition, thHe materials ugsed for the' construc-

- tion of these 'suspended roofing structures are generally
of light-weight nature, such as. wooden boards, water<proof
painted corrugated .iron plates, plastics, light-welght re-
‘inforced concrete plates and silicated plates; -as the re--
“sult,. the whole roof structure is very light. Genrally, the
:weight of such roofing structure 1s about 100 kilograms per
. square meter, and compared with ordinary roofing structure,
1t '1s consilderably lighter. At the same time, this type of
structure- can cover a great span, be formed easily, con-
structed conveniently, and can be made in varlous beautlful
gshapes, With these merits, suspended structures have been
widely used in China within the recent years.
‘ .-~ (b) Pre-stressed steel structure: Because of 1ts
mmerits, such as high strength, light structure, ard manufac-
“ture-on a factory basls, steel structures are very good con-
struction materlals, However, at present, China's steel
production is not very great, so steel is reserved for use
in those places where the need for steel 1s the greatest.
Consequently, in the construction industry, steel reinforced
oonerete should substitute for: steel structures, Though the
. Beneral trend may be 8o, certain economic departments (such
‘as the métallurgical, chemical and heavy machinery menufac-
turing industrial departments) still must use the steel
gtructurés because of the needs arising. from the nature of

- _ production. and the limitations arising from construction teche

‘niques.<-“v“
" In steel: structures, one of the 1mportant measures
to reduce structural dead weight 1is ths adoption of pre~

;4 stressed steel struotures. .The principle for the construc-
" tion of this type of structures is 'eomewhat 'similar -to that

“for . the -construction of pre—stressea steel reinforced concrete
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structures., Generally theré. dre Lwo types of conditions: -
in one; the: mater;alvstrenﬂ%h in; the stricturs has not been
fully utilized (such as b&hmﬁ} theu; Piré-stresged should be
employed to ‘adjust the 1itErRal, 1644° distribution in the . -
structure 8o that. the méterial.can be fully utilized. In
another, the material strength' in the structure ‘has been

‘fully - utilized (guch .as trusses), then, add ‘a . high strength

gtecl material to the structure to form a pulling lever. so

. a8 to counteract. a part of the entire internal load in the

original structure,: thereby the load carrying. capauity of

- the structure can be increased. Accordlng to past .experiences,
‘pre-stressed ‘steel gtructures can economize . 30-407 in steel
: materials and structural dead weight ‘18 .algo reduced, ‘

(c) Lignht-weight lever stesl gtructure: Amohg

'i,these structures, there are the thin-wall structures, the -
- . thin-plate tox-shape structures, the cold~bent steel struc~

tures and the steel pipe structures,  The. lieht-weight steel

. 'structures have light .dead weight, can be Joined: together

by simple welding and can be constructed easily. These
structures have ‘a promising future for development. A

- . Aceording to experiences gained by the German Demo=
cratic Republic, a truss made by a light-weight steel struc-

. ture can be designed to use a similar amount of. eteel as:
- that used in a steel re-inforced concrete structure.-

In the Tield of brick and stone structure. o
(a) Vibrated brick wall plate structure: Under pre-

_sent conditione in China, bricks are still the principal
-materials used for load supporting and for the structure of
protective walis., Inde"d, they will be superseded by large-
‘8lze "'wooden boards: and large-size light-weizht fabricated

plates,  However, at present when considerations are glven

- -to ‘how to reduce.the dead weight. of structures, the brick .

structure problem cannot be neglected. According to Soviet

- experlences, the present proportional welght of brick walls

1s still very great.. Up t1ll 1955, the production of a com-

*mon brick wall in the Soviet Union still required about 50%
- of the total amount of construction materials for an entire

walle, When in the Soviet Union the amount of materials 1is

‘80 great, in Chlna :the amount would be even greater. "Thus;

attenpts must ‘be made to reduce the dead weidht of the brick
wallg, = -

: Vibrated brick wall nlates are the new structures
that will fulfill this goal,. - They are formed by laying-

~ “bricks in between mould boards, filled solid with mortar ~f
by vibration and pressing. A heat. preserving layer may he

added to the -large-size brick.wall plates, so that they can
be used. for the construction of external walls. ‘These brick
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walls plates ‘have many merite; one ‘of “1ts principal ‘mérite .
18 the reduction of ‘structural déad wéight. 6f housées, The f
‘dead welght of ohe cubie meter of ordinary brigk-house ig:
540 kilograms, while that of one Guble meter of vibrated
brick wall plate house is oniy 300 kilograms. Thée dead
weight ‘1s reduced by more than one-third and the amount of
' bricks used 1s reduced by nearly two-thirdd, Construction
labor 18 alsd reduced by nearly one~half, The reason for "
thése reductions 1lies in the fact that at present in erects
ing a brick building of less than five storles; the thiock-
-ness of the external walls 1s designéd to meet the needs of

heat preservation, so they abe far thicker than the actual”
need for load carrying. In general, about 75% of the materi
als in thé external brick walls are not fully utilized.
Therefore, light-welght low heat-conductlion materials should
‘be used to make a layer of heat preserving structure to sub-
“stitute fTor ordinary bricks, = -

+* In the erecting of load oarrying internal walls, the

work is generally not .done properly, because the mortar, ..i.
placed in betweén the bricks ‘is not solidly pressed, As s
result, the strength of the brick wall ‘ls weaker than the
bricks and mortar by about two-thids., 'In adopting the vi-'
brated brick wall plates, the solidity of the mortar ircréases
the strength of the finished wall. This is the fullest uti-"
lization of the mechanical properties of the bricks so used.
«~Consequent1y, ‘4t 1s poseible to erect walls of half-a—brlck
thickness to" support the load of & building as high as five
stories. :In addition, in. adopting the vibrated brick wall.
~plates, it ralses the degree of fabrication of wall struc-
tures, In’'the manufacturing process, there ls no special
equipment needed. Furthermore, wall decorations anhd painte
ing can be. done before the plates are constructed into walls,
‘80 thls i1s another advantage by which oonstruction can be
;hastened. : 4
N (b) Non—reinforced briok thin shell: In using
8, suitable curve-shape structure, 1t 1is possible to turn the
internal stress of the ehtire thin shell into a cowpresslve
stress rathér theh a tensile stress. This type of non-
tensile stress: thin shells ¢en be wholly made of bricke and
ean be made in's thlckneBs ‘one quarter that of a brick, '
This type of structure has the merits of the thin shell
structures - as mentionsd in the above discussion.. It 18
worthwhile to -spread this: information. At present, this
type of. strueture is quite widely used in Kwangtung Province,
but the measurements for ‘the non-reinforged brick thin shell
'that has been adopted in construction are not very larges
| (c) Make use of sdvanced theories for structural
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,;calculations"' Advanced structural calculatlon theories 81~
" g0 cdan redube the-dead weight of - structures, . At present, -
structural theories vased on_the ultimate design calcula~
‘tlons ‘are very advarced thedrieds They are far superior
to those that’ are based Bn ailowahle stress and fallure
~condition caldulations. ~They are more sulted to adtual -
structural’ conditions and can fulfill more economical struc~
tural planning. “According to statistics, a roofing plate
whosé measurements ‘are 1, 5L6 meter, when it supports d load
of 650 kilograms per square meter, the dead welght of. the
. roofing plate, 1in -accordance with the ultimate design cal-

"ﬂculation, ig 100%, but-if it were based on the former method

“of calculation, the dead weiwnt of the roofing plete would
be ‘119-12 /A :

. U 'When columns are supportin various types of 1oads,

.jthe dead weight, based on the ultimateé design.calculation,
48 100%, but If it -wébe based on the former method of cal-

culation, the deand welght woula be 121-1807 {ececentric load,

 yithout 1ongitudJna1 bending), or 139-240% (axlal load, with-

-~ out’ longitudinal bending)., It is obvious that by applying

 advanced eructu“al taleulation theories, the. reduction -

‘of structural dead weight ¢an also be attalned. - -

‘ (2) Adopt lighi-weight high-strength construction
materials for 1oad aupporting and protecting structures in
_,buildlngs ‘80 ‘a8 to reduce the dead weight of struetures,:

N : Anotner importent way to reduce. thie: dead weight of
_structures is the adoption of light-weight high-strength-

' *fconstruction matérials for load supporting and protecting

 structures ‘in buildings, = Several principal 1ight-weight
. hiﬂh strength materials are discussed in the following

v S (A) qigh strength steel materials. Principally
. they consist of+ {a) high strength steel wires; their maxi-
‘mun strength’ generaliy is 15,000-20,000 kilograms per square
~millineter; (b) high strength- steel rods; their maximum

. ,strength 1s°9,000<15,000 kilograms per square millimeter;

(c) steel- cables, thils steel material has the merits PoOSsSess-
‘ed by ‘the above two types of steel materials, Steel cables
‘are formed by binding a number of high strength steel wires
together, - They have a high stress and a 1arge Cross=986eC=
tion, so they not only economize on the amount of materials
but ‘are also convenient for constructlion, and at the same
 time they are ‘easily bonded togedber with reinforced con-
erete,  Furthermore, cables have a very good elasticity,
which is suitable for the pre-stressed fabrication of a.

. curved fcrmation. b

o «(B) High grade reinforced concrete' The applica-
tion of high grade reinforced concrete can lessen the cross
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.. 'section of the .structural members and reduce the. dead weight
of the structures. - The manufacturing. of No. 1,000 reinforc-
ed concrete house. framing has been suocessful. If.-the .
strength of reinforced conpgtete can be further raised,. . the
dead weight of reinforced cotigrete: structures will .be . able
to match that of a.steel structure. . . .
S (C) Steel mesh ceument: Steel. mesh cement 13 a
new form of material, formed by laying several layers of
. 8teel mesh into & cement mortar, As compared-to ordinary
steel reinforced tontrete, it has beiter: lsotrople, anti-
creeping, elastic and tensile strengths: At the same time,
“the several layers of steel mesh lnsilde the cement Will ine
crease 1ts internal adhesion and bond strength. - The steel
mesh also distributes the shrinkage of the cement mortar,
. rendering the mortar more .sollid, which has a better reaction
t0 penetration, . With the -several layers of steel mesh, the
elasticity of the cemenmtumortar is raised so much so that 1t
ﬁucan stand a. .certalin degree of shock, -
o ‘The stéel .mesh 1s generally made 'of 0. 5-1 5 decimilli-
.meter steel wires, with the mesh holes of 10-15 decimilli-"
meters, . Generally, .the thickness of eteel-wire mesh cement
structure is '12-25 decimillimeters. - If additional steel -
rods are inserted in the middle of. the structure,.the thicke-
ness can:be increased to 60-100 decimillimeters.  If steel
wire mesh cement wers adopted to meke curved shape aroch- -
‘type .thin shell structures, the.dead weight would be only
40,50% of that of the common reinforced concrete. .-

(D) Pottery ageregate reinforced concrete:: Pottery
aggregate 18 .an artificlally manufactured porour light-weight
aggregate materlal., Its quality is light -and hard. Its
surface 1s comparatively small. It has a low water absorb-
4ng rate.and does not contain any unfa¥orable elements. It
.can be mixed with @ny type of light-welght reinforced con-

‘: orete; It oan be used as wall plate or floor slab struce

tures, ‘Teke externsal walls as an: example, if Vo. 50 pottery
aggregate reinforced concrete were used to. mgke a 20-milli-
. meter thick wall, the dead weight per square meter would be
--13% kilograms,: but under heat meservation requirements, an
cordinary brick wall that has-a two-and-a-half brick thick-
ness of. similar size would have a: dead weight of 943 kilo-
r.‘.:.fgrams. A
e In the aase . of an- 80-decim1111meter thick floor

slab structure, Af .pottery. azgregate reinforced concrete
were used, ‘the:dead welght per square meter would be 120 .
kilograms; whereas, 1f multiple~ribbed. steel reinforced
concrete slabs were adopted, the dead weight per squars. r
fmeter would be 165 kilograms.‘ Pottery -aggregate reinforced

BEPEIURER -
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concrete’ is a hi@h ef flciency construction material.- It can
reduce dead weight ‘and the ‘ebnstiuction ¢ost. Lo o

‘ ; (B) . .Pumice stone. Peinforeed tondrete: Pumlce .
stones are snonﬁe—like Poxk uﬁ AtPudiures which 'also afe na-
tural light—werght aggregate materlals., They are found in
many parts of China and thelr deposits are very rich. If"
“pumice stones were used to make reinforced gonorete, it’ .

“<rwould have a pressure-registing stréngth of 50-300.kllograms

per ‘square millimeters. It can be“usedjto make load “support-
~ing dtructures in houses. At the same time, ‘it has excel~
lent sound—prooL -and heat-proof properties.’ vIt‘hQS'a'high
heat resistence (700°C): and also is acld-proof, It can be
sawed off into any thlckness Lo be used as heat preserving
materials, i : ,
i : (F) Asbestos cement, Droducts. The. merits of as-
bestos ceme b are: light-welght, hligh strength, water=-proof,
“incombustit e,:w“ather-proof and durable. At the same. time,
‘it .can be made into.any shape and takes paint’ readily, v
. Therefore,. it,has a very promising future as a construction
material,..Itican be used in industrial or residential build-
ings-ag- rowr £flosr slabs -and sanitary structural members,
In using several layers of asbestos cement to form roof or
~floor slabs, the dead weight of structure can be reduced
by 50-~60% and the construction cost per square meter struc-
ture can be reduced by 20-25%,
s 7 In-using a roon-size asbestos cement wall plate,
the dead welight per. square meter can be reduced to 1/15 of
the dead weivht of a brick wall and the construétion cost
reduced by BON. _For: instance, in a 64-millimeter thick °
solid load supporting brick wall, the dead weight per square
-meter:is 1,250 kilograms, while a hanging wall made of a
large-size asbestos cement plate (two pleces of thin asg-
g‘bestos cement plates, erected ‘on an asbestos cement frame-
work) and insert asbestos fibers as a heat-preserving layer,
the dead. welight per-square meter is only 76 kilogranms, -
cslo: A two=gtory four apartment building, constructed
fwith asbestos cément fabricated parts, has a total dead
“weight of 112 tons; that is, each cubic meter of buildinv
has a dead weight of 156 kilograms, while the ‘dead weight
-per square meter is 740 kilograms, and compared to the dead
‘weight of ‘a briék building, the weight is reduced by nore
than two-thirds.. Not only this, the asbestos cement products
need very small amounts of cement.’  For example, a square
meter of steel reinforced concrete needs 60-80: kilograms
- {even up to 100 Rlograms) of cement, but a similar size
asbestos cement product needs only- 40-50. kilograms of cement.,
“At the same time, owing to the high strength of asbestos
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+-cemént. and its excellent ability to resist tensile Btress,

its products need almwost no metal at alls The .amount of -
metal needed for the manufagture 6f one _square neter of
.asbestos cement wall plate is not:more. than one kilogram. .

.« (@) Lighteweisht inflated large bricks: .These :
bricﬁs are made of rubberized cldy, iwvhich becomes 1nflated
after it is baked under e high temperature,.  The -bricks' me-

o its are: light dead welight (each cubic meter -has & -dead welght

..of 462 kilograms), relatively high sthéngth (the pressures
resisting strenith of each square millimeter is 37.58 kilow
ghams and the breskage-resisting strength of each square
nillimeter 18.7.85 kilovrams) and excelidnt sound<proof . -
and heat-proof properties, .The bricks are good heat pre-*
serving materisls within 1, OOOOC temperature, They also -
can be used to make load supoort&ﬂg structures in low level
.xbuildings. :
s : (). Porous silicated pieces' These are different
from the ordinary heavy: reinforced conorete pleces, .Their
. raw materials are very cheap (ordinary sand and coal slag),
“which, together with local adhesive materials (lime), form
into -8ilicated structures,. . Their characteristics are: (a)
there are mo rough aggresate materials in their compounds
(broken stones anad pebbles) but they are of granular stryc-
ture: (b) their adhesive materials have & gpecial property
which 1s formed during the steaming and compressing treate
ment by the mutual reaction of calcium hydroxide and the
sllicon dioxide on the surface of the quartz sand. . -

- . . Porous silicated pleces have a light ‘wolght (each
‘cubic meter is within 700 kilograms) -and. can support quite
~a heavy load (thelr strenzth reaches 50-100 kilograms per -
square millimeter) and they also have a heat-proof property.
Therefore, they. can be used to make into large-size pre- -
fabricated piecee, wall plates and floor .slabs, which great-
- ky reduce. the dead welght of structure, raise heat-proof.
property, economize cement and lower. construction cost, .

. (I} Perlite and perlite powder: .Perlite is the
best 11ght-weight construction material- and sound=proof and
heat-pronf materials. It can be made into fine construction
material that has & volume weizht of -50-300 kllograms per
-oubic meter. (the granule diameter ranges: from 0.15-5 milli-
meters), ‘Generally, in‘a. rotating kiln, it is possible to
i .produce the volume weight of 300-500 kilorrams per cubic:
meter and the granule d¢ameter 3<20 m1111meters. -Uslng it
together with cement adhesive .materials, lisht-weight re- -
inforced concrete ‘with the grade number ranging from 25-

. .100-can be produced and its volume weight. is: 600-~900 kilo-

grams per ecubie. meter. This type of reinrorced concrete 1is
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_suitable fon 1load supporting in 48 story buildings and al-
80 for non—load supporting walls: -
‘ - Perlite ‘powder rezers £0thé broken periite stones

L whose diameter 18 undér seysral eeimillimeters. - They are
-~ glven a’'sudden-heat: tneatment ‘undér a 1;000°0 temperature.

Through the expansion of the air bubbles, ‘these broken stones
.begome inflated and hollowed in the center, as natural glass

qeml-tr'anspar'ent and semi-grey granular materials, They:

are very light'and thelr volume proportional. welght is 0.04-

026 They are - fire-proof, water-proof, soundeproof and heat-

fsﬁproof. Besides beins used as aggregate materlals for re-

~inforced concrete: and mortar, tbey are good sound—proof
'&nu beat-proof materials, R =
A{J)- Mineral slag floers and asbestos fibers.-
‘ Mineral slae fibers are new heat preserving and .sound ab-
_ 'sorbing masoriskss These aré made by applylng the steam or
cair blowint frow 4—u large alr compressors to the hot smelt

. mineral sl wé,s.,wthese fibers have many merits: small -.volume
- -wekght (150-250 kilograms per cubic meter), low heat con--

- duetion: (0 04-0.06 kilo-calorie per meier. hour,’ degree), .
excellent ‘found-sroof. property, non-combustible, cannot be
easily shaken, and are not affected by weather, : :

g The’ more important fact is that they have a plenti—
ful supply of ‘raw materials., If a workshop is established
nedr '8 ‘blast furnace, these fibers can be made without fuels.
Mineral slag fibers need very low productlon cost and can ‘
economize ‘a great amount of fuels.  -In constructlion, a lay-
er of mineral 8lag fibers with a thickness of 2,5-3 milli-
meters has a heat-=preserving property which is equivalent

" 10 that of a brick. wall that has a tbickness of more than

: 5"-{;50 millimeters. .. -

~Asbestos fibers, as. mineral slag fibers, are new in-
‘sulating, heat-prese“ving and .sound-proof materials, As-

" bestos stones are melted by a high temperature into a 1i-

“'gquid, which 18 ‘@iffused by hot steam.and blown into a 'mist,
which in turn is drawn into long fine fibers.,  Asbestos-
}fibers have the gane properties gg those of the mineral

v*wslag fibers., ' In those-areas where tbere is no mineral slag, -

asbestos fibers ‘should - be adopied. o

2 AK) Aluminum and aluminum alloy. In the present
construction industry, ‘aluminum and aluminum alloy are be-
coming more widely used. - Thelir ‘merits are: small volume
‘wéight (2,7~2,8 tons per cublc meter, about: 1/3 of the weight

ntof steel) but they have the strength of No. 3 steel: and -

‘under - oertaln conditions, their strength is gregter than -
~that of steel.'"”hey are more durable than steel under any

V'“?ﬁweather conditions,.  In the ‘open alr, after.oxidizatlon takes
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-place on- aluminum, & thin coat is .formed and it proteots
the aluminum from being further eaten: byveather.ui i

o -Through heat tréestment and pressing, aluminum’ can
be rolled into various tybes and-shapes of: st“uctures.via
. If aluminum structure 1s used to substitute for steel’ struc-
:ture, the dead weight 1s reducstd:by 2/3 or even .more. . The

.’greatest aluminum structure in the world is the: Hartfield

.airplane hanger'{span 66 meters, length 100 meters,-and.
- height 14 meters),’ its siructural d¢ad welght:-1s. only one=:
. géventh of that of steel structure. :However, 1t hds weak-
nésses too, ' For instance, its elastio mould weight is small,
only 700,000-800,000 kilograms per square millimeter (steel
is 2, lxlO kilogram per square millimeter), . Consequently,
aluminim structure has a rreeter possibllity to lose its
shape than a steel structure {about three times greater).
At the samé tlme, the coefficient of expansion of 1ts temp-
‘eraturé is twice as great -as that of stesl. 48 a result;:
“this type of structure has a more readily temperature change.
But, the above weaknesses can be overcome, only if the. ring-
shape” or box<shape cross~gection :is adopted so that the |
‘strength of the structure can be Jliuncreased. Such 8. struc-
ture remaina a very good -structure,
At s o Aluminum and aluminum alloy structures can be join-
fed together by rivets (1t must be done by cold rivets, be-

. 'eguse hot rivets may cause annealing of the structure. and

‘lower the mechanical proverty of the alloy), welding, and
“high. strength bolts or they may be Joined together by glue
or glue wlth high strenzth bolts. .The edoption of .such.
structural materials will greatly reduce the dead weight
of structures.’

(L) Plastics- The term plastics is a genera1 name,

" whith ddpcludes many compound materiale.  These matéerials con-

_taln mary difierent chemical . ‘elements. and physical propar-
Ctlesy Tney have ‘relatively great mechanical . strength (é1ose

. to the strengthi of steel alloy) and elagtlicity and they have

small heat and sound conduction and low specific gravity
(as the wolume weight for foam plastlcs and porous. plastics
' is 30 kilograms per cublc meter), Plastics do nect . rust and
they are not affected by weather, so, -when plastics are
“used ‘as’ structural ribs, their. etrength 18 twice as high
‘a8 Bteel, " On mccount of. thils,. plastics can substitute for
steel structures, Plastics can be used in industrial and

#. ‘eivyil construction as load supporting.or non-load support-

ing structural members-and parts, . For example, if. :plastics
~ are used.for the construotion of walls. they are more solid
“than brick walls and their dead weight 1s ighter than that

. of ‘the ‘latter by many times  (a plastic wall ‘made of two ‘porous

~



e o

or foam plastic plates is lighter than, all. other types of .

walls by.two=thirds to.three-fourths-of their Weight), They -

~have very small- heat conductlon. They ‘take paint readily.

They can be made in any o6iie 6gloy br: the 1mitation of any

natural material; (shch 48 gnahite); ...~

- ‘Plastics can be used: tb make sanitary equipment,‘,

. the entire strueturey including the vartition wall,. floor _
tiles, ceiling, bath tub, basin,- toilet: bowl,. pipings, vens
tilation equipment, and all the other accessories of- sani—
tary equipment in the house,: and ‘has a.-total dead weight
(including. the. comnlete equipment) that does not exceed 350
kilogramsgg-;

Ir ! foam amlno—plast¢cs s nebular and porous plas- ,
'tics are uged to.-serve as heat-proof materials, in the frame=
work of a house: the .dead welght of the. structure can be re=-
duced to 100=150 kilograms per cubic ‘meter. . Rubber compounds

< together with g 288 fibers or glass cloth csn ‘be-.coordinated
to form into gocd heat-proof and- sound-proof materials or
to be made into ioad carrying wave-like roof- plates, pres-
sure water pipes, telephone poles and other: load supporting
bending structur al. members.:. Each ‘gquare meter of plastic-

. roof plates has & dead weivht of 2=2.,5 kilograms, permits.
,<857 of the sun rays and u’tra violet rays to.go through the
plates. and can supporting an effective load of 400 kilo~ --
grams- per square meter. The chemical properties of the
plastics enable their products to become- solid:-and-durable

.and at the same -time to-have an.insulating property. Plas-
tics can be made into -any shape through heat. treatment and
they can:-be easily joined together. or glued.: together., . - .

-Glass fibers can-be compressed Anto compound: materi- -
xsls, which are called-elastic plastics. They are not: af~,

. fected Dby steam crystallized products and have. -a- strong
fire-proof properiy.. . These plastic -materials;can -be- made
into doors and windows. ‘They are better than wqu becsuse
they do not shrink, nor expand, nor warp, Use. compounded-

. ethyl ether and tree rubber. into-plastic glass to serve as
transparent roof.plates- and sun-porch. protecting: structures.

- This glass has a high strength, ls incombustible and is .
not affected by weather.- Plastics have many merits. : They
will be widely employed- in the: oonstruction industry and

. : have a very broad develobment in the future° i o

T

| 53, Several Problems Concerning the Reduction of
I j Dead Ueisht of Structure ,

. (1) ‘As said- in tne above, ‘in construction designing,
"to put great efforts in the reduction of dead we;ght of
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. strustire 1s a: yéry impértant problem that 1d confronting .
¥ g now and-that we have t6 overcome. ' But in overall de-. .

signing, attention must be gilven to the coordination.of .re-
ducing’ the dead weilght of structure and the economy of val-
uable construction materials;: of reducing the dead weight'

‘of &tructure ahd the utilization of local construction ma-

terials, -of reducing the dead welght of .structure :and:the.

~sonstruction teclinical level at the tlme.and-at the place,

or:perhaps, 1t may be said, attention must be-given to.the
coordination of-future outlook and the present outlooks -
- If"looking only from the view:point of reducing
the dead welght of the structure, it ls better to.use steel
strlctiure than to use steel reinforced concreté struoture

~" because the. strength of material of the former .ls greater:
“fthan that of the latter, However, at present; China must.

Binse’ steel réinforced’ conerete structures to substitute for
‘“?steel structure in ordeir t0 economize valuable steel materials.

“Again, looking from the view point of reducling the

:dead weight of strustures, bricks and stones are not very
‘jdeal- ¢onstruction materials, However, in many areas, now

there 18 st1ll’ a4 lack of a better constructlion material, .
while bricks and stones can be obtained from the local areas

“and thelr supply isivery immense., Under such clrcumstances,

we must use bricks and stones to fulfill our construction
task.j of course, we must give more consideration to the-

atructural shape of the brick and stone structures so as" to
‘"adopt thé moast. reasonable new structural shHapes for the re-

duotion of the dead weilzht of structure. Looking from the
view pdint of reduading the dead welght of structure, space

“ilgtrudture 18 deéfinitely lighter than horizontal .structure.

At: the" ‘sanme time, we must &lso remember that the -construction
of ‘space’ structure is more difficult than that of a horizon-

tal’ ‘Btruoture; ' In using space structures, consideration

mist be given to the overall looallconditions, construo- ’

‘tion faotors ‘and technical level,

- Int short, in-all thé ways thét the - reduotion of the

v & dead weight of structure may be accomplished as we have -
nenumerated 4in the above discussion, some of them are nothing
‘but: distant plotures as far-as some areas and units are

concerned ‘and they ‘are not realltles. For example,:the

“application of “dluminum alloy and plastics can definitely

reduce the dead welght of structure, but at present, these
materiels are far from sufficient, so they.cannot be univer-

sally employed in construction,” -Accordingly, while we are

considering the reductlon of the dead welght of structure,

ciwe:must give attention to- the-other factors and to make an

all-out consideration:so that we may fulfill our. goal in a

22



EL ot SN

S

3 more, faster; better and dheapei aﬁnér“

Here, we must especially point out that we too are

“opposin ‘those who stress the importancé of the factors of
' difficulties and material limitations and do not actively
_blcreate conditiona for the application of the many rew strube
“tures and new materials to reduce the dead weight of struc-
ture..

{2) The reduction of the dead welght of structure

fmust gstart with big factors. We must improve structure space
~and. plain arranpement and adopt high efficlency structure

and new materials. We must not rely on small factors which
may affect the safety of the structure. Here 1s an example
to -illustrate the point: a certaln designing institute a-

-dopted an un-prestressed phlygon~shape house framing (18

and 24 meters). The framing dead weigh®t was light and used
& suall amount rf steel, Its construction ccst was low,: '

- All prestressed house framings cannot compare with it. The

designer had acltually shown great talent in these respects.
But, this ifamiro has ‘its own weaknesses, that is, it re=-
lied too much on certa’n factors. For instance, the ceross-

.section of the framing members was too small, while the

Jjoint between the sky~-light framing and the horizontal -
bracings with the house framlnﬁ was too simple, rendering

“the rigidity of the joint between the structure itself and
the structural members too weak, After construction began,

the framing had to be sghrensthened. A4s a result, more steel
materials were used. Lueref04e, in adopting such a method
to reduce the dead weisht of structure, it actually affect-

- ed tne safety of the structure, This method 1is not suitable,

"~ (3) While we try to reduce the dead weight of struc-

: ture, we must give attention to the entire and partial sta-

bility of the structure. Because we are employing more and
more high strength materials, structural members beconme
more and more delicate, thinner and thinner. - From now on,

. the possibility of structures bresking down due to insuf-

ficdent strengih of the siructural members, becomes relative=-

1y fewer, while the possibility of destroying the structure
‘on account of the loss of the entire and partial stability
‘of the structure, becomes greater, Consequently, the pro-

blem of structural stability will become an important item
in the agenda for the conference., At present, our knowledge
and experience in this fleld are far from sufficient and

we must mnake plans far in advance.




