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EREGTI&G ﬁﬂmhﬂT SR PRES ?~JS“E CONCRETE TRUSE "IN
ONE UNI? BY JACK LIFTING METHOD ‘

- COMMUNIST, CHINA w

C L¥ollowing i the transietion of an arti~
cle written by the Congtruction Techmigue
Rezeareh Div ﬁMAOi Ingtitute of Bullding
Sclence, Minist y mf Bulldivng Cons %ruwﬁ
tion, in Eungeo B! enp Chilenwche, (Engineer
ing Constructlon), f&xp%ﬁb; Mo, 5y 10 Me o E
iQEO, pages 1m1.J -

1mcenLi ‘‘‘‘ the P@i@iﬂg Neo. 2 Fam@twhﬂtiﬁﬁ Qme 1Y
ﬁﬁaﬂarﬁﬁﬁnﬁ wimh reloted orpanizatlions in 2 certaln ene
gimrwftng rroject, succesded In employing the one unit
Jaek Lifting methind in evaﬂnjng a roof strueture of €0«
meher. pch?wassuﬁ concrete truss, Valuable aexpariences
: 'ﬁ%iﬁﬂﬂ in this construction, A belel dlscuse
ite method 1s presgented 1n the following.

nsering Seone

Tae elevated ~{ru ture of this enginearing projec

involves g gpan 'of 60 meters and depth of 64 meters;

the elevaticn of thée lower chord of the truss iz 16.8¢

maters frow the lower Jevel., &t the Joint of the lower

chord, there is & S~ton multinle suppord bBrane runway
and conveying facilities (Figure 1), The truss is an
ornsmental type of prestrecsed reluforced cohcrete archs
shape truss, as ahown In FL?H@” 2. Spacing of columms
The roof is 1.5 x 6,25 meter reinforced
foam concrete ritbed panele. In ordsr to decresse the
dead Joad of the truse in jack 1ilting, the upper chord

‘e

‘sectlon ig poured in two separste times.

_ The center height of the truss 1s €.5 meters,
formed of 19 pleces of precsst unite. The lower chord

!
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sbetlon la 26 x ©5 centlmeters, comprising 10 strands
of $5-10R% = 11,000 kg /ow? high=strength steel wires.

Phere are six Lypes of precast unite, =il mede of No,
e

it : ¢ 0
5,00 concraey Tl is the upper chord of the double slops

%ype chenmel section,  T-Z is solid trianguler end unit,

P 3ee B 1z & trispgulsr unit sonstructed with two dlago-

nal members and one lower chord member. Fach truss

Cwelghs evout 66.72 tous.

e

in desiguing, considervation was given to the in-.

atellation method of the graat gpan structure. Ehe'pilg

leps are made of geminated column channel sseblion relie
Fopced conerete atructure; ithe clearance between the
willers is 70 centimeters (Figure 3). The width of tru
5t inhe ends os 60 centimeters, so thers Bre 5 cembimete
clearsnce between the truvsa snd the column chennzis,
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11. The Selcctlion of Inpbalistion Selutien

,  Ap the dead welight of the trusg ls more then Eo
tong, and it center of gravity 1s kigher bthan 1tz sup-
porte, bthe eonventional hang-lilft ersctlon nethod 280«
not be used. A&lso, becavse the unlty of the whole trass
1a obbalned after prestressing the ten highw-sirength
atoel wire strapds in the lower chord, the riglddity ia
higher., fTherefore, the truss wmiat be sdssmbled at the
ground level, the gtrands gtretohad, the roof penels
and the brecings all put into place s8¢ as to form &
rigid and stable unit. Then, erect the whols unlt to
tae designed position bay by bay. o S

The wellght of each unlt 1s ag follews:

Trugss dead welght (excluding

the conowete poured later) 2 x 60 = 120 tous
Heofing . ‘ 40 x 1.5 = 60 tong
Bracing & 1ifting tools 20 tong

200 tons

T4 48 daTficult to use the usunal double holsting
gear end the multiple holeting gear to erect such a
largs span and such & heavy strroture; hence, the steels
strap jack Lifting method le employed., In thic method,
¢ pteel-strap oil pressure jaok 11ifting machine is placed
cn the top of each geminated column, which ere &t the
feur cerners of the roof Lruss wait, With thase stesl
straps and jacks, the roo? trags unit is rafsed to the
deatgned position., The order of the principal conghiruce
tion nteps arel -
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1. IAfGing Teves Unit
‘ e shesl strap oil pressure holstling appsratuz !
pade By bhe eupporting beam, the lowsr beam, the upper’
bean, oil pressure Jack, stesl gtraps, and steel pillars
Pesides, there ls a platform for the workers to work ok
and thers are the stael rod levers, wrenchse, steel nabl
which ere used te 11ft the truss up step by step togethr
with the stesi etreps (Figurd 4}, On the tep ol éazch

colunn, there ie pel up the stesl strap holsting, egalpe-
ment (four sets in all), ¥he wrench ls gel up on tha

. . o s \

ge-Fiznd Baam KD heal SErant
e Portal Proame o Im-Portnl Frams

cw-Holeting Deam me~Holsting Baan
demdaoks fe~faoks
e~=Pasm Support . oetized Bean
faueftoul Catiles : pe-Dean Support
peGonicrate Geminated geConcrete Geminzted
ao s o GO LUENS
h~=Foundation P Foundati on
mePracayt Lerge : ‘ g--Steel Cableg
cefling penels ’
Swefim Span bPrestressed
Conerats Truse
Pigure 4
Btewl Strap Holstlng Apparatus

:
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Weight 1ifted & steed slraps : 300

" Il T’
4 stesl stvraps C2ot
oy d -l o . p W " ot B | S s .
Ot Jeck 5 ozeta : Hoving a¢ai@nﬂﬂ 00
High pressure
- ., Tos - . M o w % b <o - %
U 2 cots : 4,5 kilowett each
o o n
Stael cable,2L¢
Franch 4 gety , : RN IS A
HE PR g E E ’ R
Tims for ralging - ( .
20 enl : ‘ 3%

ﬁ1c1w1~ﬂ of & 300-%ton oll vressure Jac
: 4 Owing to the consideration given to o
error Ain the struglture of the mz 5te pillar
snd the steel wirap, 1t is v ‘
this moving distance {10 ce
Lhusg 20 cevhtimetsrs are
er of the steel rod is PLim
the strenzth of the 2l strap ¢©
¢f the uel o 1t, the distance between two h@&@g is set
to be twice n?w of the effeative moving distance of the
jaok, ﬁ&%t is, 40 centimeters, :

At ths sanme time, ithe distance belween the upper

: Tsu % ‘ui‘) ﬁ’*‘-‘.

and Jowsp hmi~s oo the beaw iz set to be thres t¢muw
. T, . F s ; 1 : G g ke
that of the effective moving distance, that isg,
methaprs, Accordlir ha hele distance sn the
KA -~
e

21 dlstence greater than the hole
in the stecl stran {?u em}uj wters ), so in the
eperatlion, th@ 1s on Lhe bea each tlme coline
the hole on the steel sirap.

t must be polnted out that the Etﬁel atrap and
the rood truss t mre soving along the vertlcal center

: wiaa hetween the 1 and h nc#,zf o1

luat one mov
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tha latbter is very smell (sbout three centimeters, steel

strap € centimeter thick, width of chamel holes 9 ceutl.

métars ), Aseordingly, thare wust be & vary sareful Ll

gpection of the possible errors of the varicus parts

end to conbrol them as far as poselble, such ag deviastlons
in the columm vertical cenbter 1line, in truss lenghhb, BCw
oition of the truse assenbly, formation of the wiesl

strap, height of the installstion, and in the total :
lengih of the sheel strap and the dlstance between holes .

C 11 these nust be carefully inspected, pub in the resord

end rectified as scon as mictakes gre dlscovered to pre-

weat the satohing of steel strap and the besw or to avold

cellision betwsen the trusgs and the columms; thus, acele
dents will be provented.. ~ : - C
CIn 1afting the truss unld, ths error in controllin:
5.6, the difference of elevation along the dlstance Lew
wween the coXumns,  cannot be more than 10 millimeters,
ané ma"to the differsnce of elevatlon along the direcitior
a? the Lruss axis, the error camiol be wore than 10O mil-
Timetera, & reading must be made of the movTemsnt at LET
juck d4ud & rvepert is made by telephone conncetlions so ae

o sonbrol the 11fbing speed whergby the rige of the

trige unlt will be sieady, thus svolding socldents to

the varieus nembers. o . ‘ :
H © Memmares to estabilize the columnss {1} between

solumng (6.4 meters in distence) ervect an d-meter-hlgh
. nrick walls (2) the tops of the two columns ghintld be
ti2d together.by a tensicn bie (¢ 25); {3) at the heigh
sf 12,50 meters om each column make a steel ring and a
ateel cable; (4) add another steel cablc o gach columa
2% the support baanm, as shown In Flgure Te B

e
YDA
e

3% ",

W)

o ‘ Figure 7 » o :
~ Support betwesn the ceclums end the gteel cables.
1. Lower stee) beam; 2., support beam; 3, steel ring;

4, tonsion tie; 5, tura buckle; 6. steel cables.

9
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For the stability of the two colummns, Lo mathodsa
wave been sdopted in dssipning: (1) st every 200 cenbie
meter inberval, the columns are Joined Logether by &
19%40x102¢ millimeter stesl plate and bolis, Folloving
the rizs of the truss unit, dismount the top lron plate
end install the lower iron plate, to guarantea the stabl-
1ity of the two columns; {2} in order to save the above
mentioned asteel materdalz and to strenghtben the rigldity
of the columas (Quring the cparation time }, when ine o ,
cecond truss unit ig to be about 1ifted, the plales cob- .
necting the two columne should be removed and substltuted
by steel déwels and in the 14f4ing procaas, iron rings , .
should e uped {in actual construction when the rings
are not added, the columms gbill have enpusgh ataﬁiiity)a
After the btruss unit has besen 11fted to a certein
haight, the steel dowels shouwld be straightened and No,
o060 cenorebe poured. : S
The 1ifting method end precedure (Flgure &)
First procedure~-To begln with, put the stsel bold
sinto the “a" hole on upper beam, and remove the steel bo
srom the ¥o¥ hole on the lower beam. Start (hand operatc
cr pover operate) the cil pressure jack so that ths ralv
greaduelly rises to 20 centlimebters. At this time, the
hele on she sheel strep sud the ¥a* hole ou ths lower
beam colncife with one another, then put the stesl bolt
1nte the Ta® hole to stebilizs the truss unlt.

Pigure 8 The comstructicn procedure of strap type
 1iguid hofisting epparstuz.

s~=half hole on the upper stesl beam; be=the bolt hole

on the upper steel beem; cw--halfl hole on the lower stee’

beanm: d--the bolt hole on the lower steel bean: the st .

bolt. the polt hole ou the besm, the bolt hele on the

strep. : ST

L0




e

, wh ‘ : —
‘ " ‘ ~ |
de=this steel bolt put into the "a” hele, resdy for 1ifte

ing; 6e-lifting to & certain distenee, the steel bolt
ia ingsapted inte the "¢ hole; Be-remove the stesl bold

from Ta¥ hole, the upper bean lowers with the jack; re-
tde stesl bolt iz inserted into the "b¥ hole and remove
the cteel bolt from the "e¢® hole, then preoceed for the
gecond 1lifting. ‘ LT e . ‘

Second procsdure~-Remove the steel bolt from the |
upper beam, loosen the oil valve of the fack, At the

same time, start the valve of the oil pump (300 ton oil
pressure pump ils a double actlion equipment }, rendering

the uppsr beam t6 lower with the valve, t1l1l Y nole
soingides with the hole on the steel strap again and ine
sert the steel Ttoli, preparing for the sscond 1ifting,

Third procsdure-~ kemove the steel bolt from the

lower baam, start the oll pump, rendering the valve rlse

ing to 20 centlmetera., At this time, the hole on the
steel strop coincides agaln with the "off hole on the

- jowsr beanm, and insert the steel bolt to stabllize the

trags unit.

The above pracedura;afe repsated in operation Wl

t11 the truss unilt has risen to 4,0 meters, then use the
Jever holsting equipment to remove a ascticn of the stee

strap. This cperation ls repeated until the truss wunit

bhas rigen to a point 5 centlmeters above the degignad ele=-

vation, the precast relnforced concrete bearing block 1ls
placed on the top of the column and then the trusa unilt
iz gsettled on lt, : ‘

Before 1ifting, @ careful 4mspection must bs mede
of the functioning of the jecksz, the positlion of the

Csteel atrap and the elevatlen of 1ta topzost hole and 1ts

. betitom hole, and the wposition of the truge unit, If

§
LI,

eny defect is dlacovered, rectification must ve made -

before lifting starts, At the same time, durdng the

11f4ing process, attention must be given to the move-
menis of the steel strap and the truss unlt %o gee whother
there iz any blocking on the way. Such measures will

‘guarsntee & steady and rapid plce of the truss unit.

When the wind is biowing &t the 3L grade velocity,

‘the Lfiing operetion should be stepped. At elther end of

the trusa unit, stepe must be taken to prevent vibratlion.
) ¥

Eecause the hook of the truss unlt and the Lifting beam

and stesl sirep are jolaned tozether (by steel bolts),

the truss unit will vibrate when the wind blows egalinst
14 . OCare must be taken to prevent the steel atrap from .
breaking. ‘ A ’ o

1l
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U Phe instellatlen elevaiion of the truss unlt e
16,50 matars, o the truse unit must meke 84 1ifiing
reves, The whole operation was dong by two shifts of
workers, with 34 men per shift, The 1ifuing of the first
tyugs unit wes done by mamiel operatlon, Becanse the
workars wers net skillful, the operation was completed
in five davs; the sversge delly 1ifting was 3,50 moeters,

h

and the greatest efficlensy in one day was b4 moters, o,

The principal repsons that sffected the epced ef Pi0%ing
were: mamusl operstion: the 300-ton Jack used was of Lo0

great o bonnage. 10 times greater then what wasz reguired. .
in wiaing throush sva ssme 90 conbtimoter Llifting disisnc.

the 300-ton jack, sz compared to & 100~200 ton: jack, user
seversl bimes greeter smonuts of oil. Acocordinsiy, it
vequires more time to complete orne 1ifting distsuce,

Cghout 24--30 miuutes, whereas 2 200-ton Jack regulres
erly 12 mlnvtes, ' o ' '

4 Table of Lifting Time Recordad

Trage Unlt Lifting . Huwber of

Eunber CPime 0 Workers Explanstior
R IOHIAAN N RN AT 4 WWMW O Lol i T U

ipt unit | 72 hours %4 men . Hand cperas

)
-

i

B

né unit 26 hours 7 men  Powsr oil pum

3rd unlt . 2% hours 17 men . Power o1l pur
Ath undto - 28 hours 17 man - FPowsr oll pum.
1

ih opatd

12.% hours 17 mewn Fower oll puny

€

fruss Unit Lified - Lifting Completed

Promn Gronn - '
Pigure 9

N
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To inerenge the speed of Tif?in@, anve 1ebar pewr
end to raduce the workers! physieal lzbor, in Liftling th
“wseond uail, the repalr plant anapnra»ec amd prut great ¢
‘imﬁtC‘xm eosteblie Miﬂﬂ LWJ,beg Eiiowatt higheprassurs oll
Cpurps.  Since them only 4 wivutes were regqulred to ool
pl@“e one 14f0ing distance and 12,5~.28 hours were re=

"qu red to complete the 1ifting of one unit. Tn@;effi»

slenay ratbe was raiged 1.57-4,76 times, Labor wes Pe-
duced From % men to 17, atd ﬁin*nﬁ <} Fum ﬂ%?iﬂg,

¥When hend opersted oil puups ape used, 1 all
the pumpe are operated in the sunme direction, bhe slower

the motlon the grester 1s column mihraticua4 Aosordingly,
S 4if the pumps sre operated In ‘epposite dlrectionn, and the

 spesd inoersased, the . sclumng bescuwe roletly rely anadv'

ChBlen of Wb wﬂrw

After the power wguratwﬁ al& pHMﬂu were ussd, the pwmm

| . Flgure 10 S ‘
Gouerate heamﬁmg block set an top of a colunn

‘ Iin 3natalliﬁg the first 4druns unit, the steel
atien @qtipmcﬁf uged & lace strap crene and its levep
W exherded Lo 99 meters.,  Aftecward, the crane wes

trangfareed o some obner placr &z & yewult, when the
fiﬁg* truge wnlt wae completed, the dlsmcunting and ine
“gtalling of the steel strap’ lifting equipment {on top
of tha colunns in the eeconﬁ tyuss upit) wepe @one by
she stesl bar lever ¢f the holsting 9pparaﬁu~¢ Flret,
use tha shesl ber lever to dismount the upper beam, the

two Jaoke and ths lowsy besm, ihen use anothe far?~shape

levey o diamount the steel bar lever and the aupperiing
beam, In instelling, first, set up the fork-gbhspe lever
on the scaffolding &i the colamm L0 e With this lever,
fhe aumm”rntm beam end the stesl bar lever sre asht up.
Then, by the use of wtesl bar lsver, the lower beam,
‘Jarkag upper been and stesl stﬂawﬁ are lustelled. Sudh
g procsdure cyele réquiwa@ nm¢y Faudt dayﬁ f@nn ghift
qv@nem) ‘ :

.

i

——

b




| L .
- ¥While ins 4&L1inu .ﬂe nolsting eq iy wnt, & wooden
lever ig uasd to install the weof h"nwlg. From the loe-
stalling of the A@i%*”mg equipment to the completion of
1ifting o truse unit, the operation requlres only 5 days.
If & lace atrap crane is used to assist the installation
of the holsting emuiplanﬁ (the entire ifustallation) and
the rooi pane 15, the instellstlon tﬂac for & truss unlt

an be reduced ta three days. S .

- The roof pauels of the itwo %ﬁma1wirg truse unlts
were later imttajlad by & tower arens, which was used

to install the ii«ﬁhb space structure,

IV, Gon lusiﬁa e

The appllcatiﬁm of tho 1ifting method LQ install.
suah a . great Gpﬂr-o* concrete truss ls not only 2 stsable
and relisble method, but alwﬂ_a‘comMimaﬁion of native
and forelgn methods and an excellent siuple wmechanlzed
mathod that will give better regsults. Thie method haz
Oyﬁgua a new technical path for the future instaliation
¢ great gvan strugtuW@“ snd 2t the =zame time has promotl-
ed the vtilizetlion and evpansion of great zpsn structures.
in production, ' ‘

1. The merits of the 1ifting

method: o
- (a) The lifting power ls greater than the exigt-
ing holisting equlpnent. The etricture Lg zlople. 1 1Y

songtruction ur*t cen make it.
b} It consudes very little steel ‘peterial,
needs 1little elecirie power and 1ittle labor pover &mﬁ_

Cdosr not regulre %kill@ﬂ holating vwrkawws ANy carpentoer

end frame Jarke?,‘miter one unit ¢ mm*@m Cr, fan onerste
it '”ﬁlL ' o : _
: Every part of the sgtructure in the truss
unit can ba aspembled on the gr”undn pmzm ting and white
washing are alsgo done on the ground, A great par af
the work that is svpposed to be done -at hm ight ju oW
dane on the ground, It guarsntess the twu"fnr@ 5 rigle-
dity, quallty, w&v** g nfeby and ramiﬁ i%"1h$38m*0n.

2. After the electric pover niﬁh pw soure oll
pRiap weS b@bitnu@d for manual operation, the method
manifes tﬂﬂ superlor annﬁ.uy But, from the analysis of

‘the time used in 1ifting, 1t shows that there still is

" after every 4 m&ﬁevs), changing steel cables (elavation

s potentiality to be developed. Ths actuel 1ifting time

ig only 7 hours, while the rest of the time is consumed
g ] .

in dismounting steel straps (dismounting one section

!
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13,5 meters) and other aclis itinw to pTMVﬁwf %cmﬁuﬂnhuu
The non-productive time occuples 8 great preportion,  Ac

cording to the chwiencbw mwwnmﬂ from this construction
if the mua&ity of the epiteel strap installatlon c¢an ve ‘
raised and the 13.5 weter alewnﬁian gstesl cable stabllis
tlon method can be improved, the Ifting time can be re-
duced by one~third, "

‘ The zpplicaticn of the 5“0mt0ﬂ cil prﬁs,u?w J&Ck

- though the valve returns to tte original position by the
, .

cearefully inspected and rectifled. The holes on the

oll pressure {suitable for jack lif ing Y, can 3it¢§d )
R in” Aistance ¢f only 30 eentimeters, The jnck it~
welf i3 mot accurately malde and has a grest dead load,

80 it is not an ldeal jack for 1ifting purpese, 10 &
100m-1 50 Lo special jack 1s used, the 1ifting distance
‘way veach 40, 8¢, or sven 120 centimeters., And by using
the pressnt S%&él strapa, the 1ifting speed can bﬂ reduse’
ﬁﬁ ‘i’l(a.;;“h.& - .'j : ‘ ‘ , ) . :

5% Log awﬁﬁng to chservations of this 1180 jnx OpeEra.
tion, the speed of 1ifting the truss unilt by hand opers~
tiom ig one centimeler per mlmute and by dleotric powsd
cil puhp oreratlion ig gaven esentimeters per miuuie.

i Though there is & 3~6 centimeter error betwesn the
“total Jength of the hook on the two ends of the trusg snd

“the aben on the top of the column, the top of the column,
which ia & fres gmé, cen be sﬁiunﬁ :d auvtonaticaily to the

gredual rising of the frugs to meetb gvactLﬂai'ﬁhupnﬂ

It omuet ve ﬁGLﬁ«ﬁf put that the sceuracy of installin

the elevaiion for the 1ifting beans %g vaTry impmrtdn

Cbeesuse the ascourste elevation Wae an lmportant baa?img:

or the problem of wasther ithe four Jacks canr operate al
the same speed simulbsnesusly and whother the stcel bell
‘can be ingerted gimultaneously. If the slevation ip in-
Cseourately in ud?l@ﬁ T3t will atffect the slmulbaneous
rﬁmiqh snd 3*mulf @uw inrertld wr; which will bring abou
'&e}avqg ‘ ‘ R : -

4, The diaweter of the hole on ‘the steel strap 1:
106 millinmeters, while the dlamster of the “tu“l bolt i
o5 milliveters. . The contact sres and the rumericel val:
¢F the caleulstion have & great difference., The pressw
on the nole wall iz too concentrated, dameging the edge
of every hole. According to experlences g&ing% in this
aeuatruﬁtian, the weasurensnt for ths wmaking of the steel
straps nust ve sirengihensd, welding contactes must be
Cehenged, the columm top eleﬁatiqn, fhe elevatien of the
sesembled truss and other related messurements must De



\
| i . )
steel strap could be changed into an oblong shepe simila
to the round shepe of the ateel bolt to facillitate ine
gartion, It iz not advisable to reduce the diemeter of
toe steel bolt as a method to adjuat the varlous errors.
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