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POST-TENSIONED STEEL FRAME
The effective covering and the method of its evaaire developed for unique large-span buildings.
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Introduction Therefore further tension of the lower chord only
The Department of computer technologies (causes compression of its tubular sections, and the

construction of the Airport faculty of the Instieupf Whole —construction resists further change of
Municipal Economy has carried out the Ioame,curvature of the upper chord. The upper chord

analysis of new structural decisions for buildingPending can reach a critical value. Therefore to
frames and technologies of their erection in seviProve further even bending of the upper chord, its
leading countries over the last twenty years undSections are provided with hinge joints. With the
the supervision of the head of the departmeihelp of such joints it is possible to bend the wppe
professor Yu.V. Veryuzhsky and professochord to form a compass curve with a relatively
V. N. Pershakov. small radius, and to create structural systems like
A post-tensioned frame [1] is one of the mosarches and portal frames. The degree of curving of
effective and interesting decisions both in the frame construction depends on its length and
structural plan and by the method of its erection. height.

The frame design consists of rigid-frame sectionif after reaching of the construction design
pivotally connected in one chain: two end sectiorcurvature, the lower chord cable is further strdjne
and an intermediate one. There can be a variaht wiension in the compressed tubular sections of the
a few intermediate sections. The intermediaower chord grows together with tension in the post
section of the steel frame construction leans @n tang diagonals connecting the two chords. This
end sections and consists of. _phenomenon is required to increase structural

- an upper compressed chord, which, in the inacti g, rapjlity and rigidity of the steel frame constian
statle, |sac;]ha|or|1 of straight orfparnallly befnmfgats, and to ensure its counteraction to an earthquake,
- a lower chord, consisting of metal, preferablest . -4 temporal loads.

tubular sections, that are guide ways for a strain Pre-stressing forces, required to resist abovesdist

cable; .

- posts and diagonals between the upper and Iovload.s are 0,1~100 times more than the forces

chords. required to give necessary curvature to the frame
_ ' construction.

Frame elements action under tension While tensioning the cable, a gap between the

steel construction. With tension acting at loweelements influences deformations between the lower

chord, forces affect the upper chord too. Curvatuchord segments. This gap is from 3 to 100 mm and
of the lower chord changes as the upper chord beimore. Its size depends both on ratio of the tubular
with constant distance between the upper and lowsection diameter to distance between posts, and on
chords, that is constant lengths of posts aithe required bending degree of every element of the
diagonals between these chords. chord.

Curvatures of the upper and lower chords depend To couple the cable with the tube a cavity between
the design length of every tubular segment of tithe cable and internal wall of the tubular secii®n
lower chord. Gradual design reduction of the lowtfilled with jointing material. It is, as a rule,mixture
chord segments lengths will lead only to thof Portland cement, water and chemical additions.
relatively small bending of the upper chord. Evergyery pair of adjacent tubular sections is conricte
tubular section of the lower chord is connected tyith a sliding joint like a fitting pipe. There ia

means of posts and diagonals with the upper chorc oo rrygated chasing on both ends of the fitting pipe

© Valery N. Pershakov, Olena O. lakovenko, 2009



52 ISSN 1813-1166. NAU Proceedings. 2002

The width of the chasing area corresponds to t3. The cable, passing along the tubular guide ways
depth to which the fitting pipe enters the tubuleOf lower chord?, is strained, and the cable ends are
section. fixed in points3 and8. The cable tension brings the
intermediate section to the required -curvature,
shown in fig. 2.

Places, where the fitting pipe overlaps the tubular
section, are filled with liquid binding material.
Because of the overlapping places all the tubul
sections of the lower chord have appropriate tens 2
strength.

When an external load acts on the steel frame con:
ruction,thelower chord is subjected twompression,
which exceeds the compression, caused by the ceFig. 2. Cable tension of the intermediate section:
tension. The tubular sections of the lower chona c;% B :22 gggﬂsgfeggg!e fixing on end section;

be compressed to the critical value which depeny _ |4 hinge joint;

on tensile strength of the material the tubuli4 - left point of cable fixing on intermediate sectj

sections and abutment joints are made of. 5 - intermediate section; _ .
6 - n_ght point o_f g:able fixing on intermediate seqt
Steel frame erection technology 7 - right hinge joint;

8- right enpl section; - _
Thetechnologyof assemblyanderectionof the post- 9 - right point of cable fixing on end section

tensioned steel frame constructionis shown in 4, Cables, passing along the tubular guide ways of

fig. 1-13. end section? and8, are fixed on the intermediate
Fig. 1, 2 and 3 show the post-tensioned steel fraraection5 at points4 and6.
on different stages of tension. 5. The cables of end sectioBsand 8 are strained

1. The intermediate section is assembled on th@Mmultaneously or alternately, and fixed in the

ground. The section consists of upper chérdnd Strainéd state at points and 9. As a result, end
lower chord 7. Lower chord 7 is composed of sections2 and 8 turn in the hinged joint8 and 7

tubul teel el t8oth chord ted relative to intermediate secti@and close up with it
ubular steel elementdoth chordsare connected . eang of locking knots.

with diagonals5 and posts6. The strained cable \j_shaped state of the steel frame construction is
passes along the tubular guide ways of loweghown in fig. 3.

chord7.

2. End sectiond and 10, that in working position

will act as supports of the strained steel frame

construction, are connected to each end of the

intermediate section by means of hinge joihtsnd

9. Fig. 1 shows the whole assembled framgig. 3. Tense state of the steel frame

construction lying on the ground in a stress-free _ o
state. 6. The whole pre-tensioned steel frame construdsion

lifted by a crane and set in the vertical desiggsition.
Fig. 4 illustrates the pre-tensioned steel framthn

1 2 4 6 9 10
P N N7 A design position.
M'\%L W - 7. The free tails of the strained cables of thessations
3 5 &/ 7 8 serve as anchors to fix steel frame construciian

foundationsl and3 of the builgings covered.

Fig. 1. Assembled steel frame before tension:
1 - left end section;

2 - left hinge joint;

3 - left point of strained cable fixing;

4 — upper chord of intermediate section;

5 - diagonal of intermediate section;

6 — post of intermediate section;

7~ lower chord of intermediate section; Fig. 4. Design position of the steel frame:
8 - right point of strained cable fixing; 1 = left foundation:

9- right hinge jOinF: 2 - steel frame construction;
10 - right end section 3 - right foundation
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There is a possibility to erect the constructio
without using cranes.
In orderto arrangeacovering,someabovementioned
constructions are set parallel to each othe 2/ 4
Connections between them can be pre-tensior
constructions too. The assembled multi-framr
construction is covered with roofing material. Mete
sheet, plywood or asbestos-cement sheets can s¢Fig. 8. Design position of the steel frame (variaith
as roofing material. Use of the above-mentionei’a‘rf‘”eI chords):

. . - . . L - left traveling roller;
frames in multispan buildings is shown in fig. 5. 5 _ jeft end section:

3 — intermediate section;
4 - right end section;
5 - right traveling roller

1 5

Use of steel frame constructions for buildings vath
round outline plan view is shown in fig. 9.

Fig. 5. Steel frame constructions in multispan dini
Variants of post-tensioned steel frames

Fig. 6, 7 and 8 represent a variant of steel frar
construction in which an intermediate sect®and
end section® and4 are trusses with parallel chords
Such construction in non-operating position i
shown in fig. 6.

2 3 4
)N N N N 7 P e D s P P Pt I N i N N N g g e e
1 5

Fig. 6. Steel construction consisting of framedwit

parallel chords before tension: Fig. 9. Steel frames in buildings with a roundiostplan view

1 - left traveling roller; The constructions are radii of a round contour.
2 - left end section; Fig. 10 shows how the above-mentioned frames can
3 — intermediate section; be used at their mutual intersection at right-asgle

4 - right end section;
5 - right traveling roller

Erection technology of is similar to the abowv
described one. Erection can be performed with t
help of traveling rollers 1 and 5 located in theréo
parts of end section and 4 that roll along the
appropriate guide ways located on the assembly a
surface. Fig. 7 and 8 show the steel fran
construction in the strained and design positior
respectively.

Fig. 10. Right-angle intersection of the steel feam

Fig. 11, 12 and 13 illustrate the use of the steel
frame construction in large-span buildings.

Fig. 11 shows how this construction is assembled
using temporary supporg 5, 8 and11.

) , ) ) In this case an intermediate section is a composite
Fig. 7. Tension of the steel frame (variant withaiel construction, consisting of three separate trusses:
chords): , one central trusé and two edge one$ and9. To
%::22 gﬁgeslggigﬂ.ler' free ends of trussesand9 supporting trusses 1 and

3 — intermediate section: 12 are joined by means of hinged joidtand10.

4 - right end section; One strained cablg passes along tubular guide
5 - right traveling roller ways of three trussek 6 and9.
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;2 4 6 9 10 12 When the frame construction reaches the position
O DN N shown in fig. 13, colum8B is set on the axis of the
j : J / covered span, and the temporary supports are
3 5 7 8 11 removed.
Fig. 11. Steel large-span frame assembly: 2 4
1 - left supporting truss; 3
2 - left hinge joint; L=
3 — temporary support; ’
4 — |eft edge truss of intermediate section; M S

5 — temporary support;
6 — central truss of intermediate section;
7 — strained cable of intermediate section;

Fig. 13. Steel large-span frame in design position:
1 - left foundation;

8- temporary support; 2 - |eft Supporting tI‘USS;
9 - right edge truss of intermediate section; 3 - central column;

10 - right hinge joint; 4 - right supporting truss;
11~ temporary support; 5 - right foundation

12 - right supporting truss ) _
Fig. 12 represents the state of the constructitar af gree dinds of the strarl]ned cafplesh of s#plportlngie;ms
the strained cable of the intermediate section has 2 @nd4 serve as anchors to fix the whole steel frame

already been stretched, and hydraulic lifting jack construction in foundation$ and5 of the building
with a lifting rope, fastened on it, set on thesaxd covered.

central trusgl. Distances between the edge supporting tru2sexl
5 4 and the central colunican be up to 100 metres.
1 2 3 4 6 7 8§  First of all, buildings of aviation hangars mussise
wind loads. Experimental investigations have shown
Fig. 12. Tension of steel large-span frame: that_buildings With post-tensiqnemieel frame _const-
1 - left supporting truss; ructions, with their low materials consumptions and
2 - left hinge joint; minimum costs on their assembly, can resist the

3 - left edge truss of intermediate section;

) ; . force of typhoon.
4 - central truss of inter-mediate section; yp

5 - hydraulic lifting jack; Conclusion

6 — right edge truss of intermediate section;

7 - right hinge joint; This technology of post-tensioned steel frame
8 - right supporting truss constructions erection is used for covering unique

Cables passing along tubular guide ways large-span buildings (agrarian farms, factory
supporting trusse$ and8 are fastened on two edgebuildings, aviation hangars), where a large area
trusses3 and6. needs effective peripherally supported coverage.

Cables passing along tubular guide ways Creating analogous frame constructions for small
supporting trusses and8, are fastened on two edgespan buildings it is possible to use different
trusses3 and 6. The cables of supporting trusses combinations of materials. The lower chord can
and8 are simultaneously stretched and fixed in theconsist of steel tubular sections, and elementhef

strained state. This causes supporting trussegl8 ypper chord, posts and diagonals between two
rotation in hinged joints2 and 7 relative to the :hords can be wooden.

intermediate section.

Locking knots of adjacent sections close up, aed t References
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