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SOME ISSUES OF CALCULATION IN THE CONNECTION
OF THE PREFABRICATED STRUCTURES

Abstracts. During the development of the buildings design models, very important to take into
account the conjugation of prefabricated structures, and to understand whether the continuity of their
continuous conjugation will remain under the load. Sometimes errors in modeling can lead to an unrea-
sonable increase in cross sections of structures, their damage, or even an accident during the construc-
tion and operation of a building. Below it is drawn attention to the number of tasks in which there are
interface problems in the design of buildings and structures from prefabricated structures.

Keywords: prefabricated structures, platform joint, reinforced concrete, structural analysis

I.W. IHATIUPO"

'000 «Texpexon», r. Mocksa, Poccust

HEKOTOPBIE BOITPOCBI PACYETA IIPU COIIPA’KEHNUHN
CBEOPHBIX KOHCTPYKIIUI

Annomayus. I[lpu nocmpoenuu pacuemuuix mooenetl 30aHull ¢ Y4emom CONPsiCeHust COOPHbIX
KOHCMPYKYULL 8AXHCHO NOHUMAMb, COXPAHUMCA U HEPA3PLIGHOCTb UX HENPEPBIBHO20 CONPANCEHUS NPU
NPUNLOJHCEHUU HASPY3KU. 3auacmyro owmudKu 6 MOOeTUpo8aHuu MO2ym npueecmu K HeoOOCHO8AHHOMY
3A6bIUEHUIO CeYeHUIl KOHCMPYKYUL, UX NOBPEHCOeHUI0 UL 0ddce Aeapuu 6 npoyecce 8036e0eHUs. U
akcnayamayuu 30anus. Obpawaemcs eHumManue Ha psAO 3a0ay, 8 KOMOPLIX NPOOaeMbl CONPANCEHUS
8cmpeuaomces npu NPOeKMUPOSanUY 30AHULL U COOPYIHCEHUN U3 COOPHBIX KOHCIMPYKYULL.

Kntouesvie cnosa: coopuvle KOHCMPYKYUl, NIAM@POPMEHHBII CMIK, JHCee300emoH, CmpyK-
MYPHBIL AHATIU3

Introduction

For the first time, the author encountered a similar task, studying [1] the water tower (figure
1) formed by a spatial farm with four pillars and a reservoir with a liquid (total weight P) supported
by a support ring (R) as an example. The most important issue of calculation in that case was the
choice of the calculation scheme. Each tower support pillar that receives a quarter of the weight of a
tank of liquid must be individually designed. How to calculate and design the support ring (R)? If
the weight of the tank with the liquid is evenly distributed around the ring, and balanced with four
reactions of the supports, then designing and calculating the ring on the forces shown in figure 1
(b), we get an incorrect result, since the ring (R), interacting with the frames of the tank (T), will
transfer the load associated with the large vertical rigidity of the tank, which means that the forces
in the support ring (R) is determined not only by the weight of the reservoir with liquid, but also by
the presence of connections between them.

Similar problems arise in the design and construction of prefabricated, in particular panel,
structures.
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1 The connection of a floor slab supported on internal load-bearing structures on three

sides with a hanging panel of the outer wall

The connection of a floor slab supported on internal load-bearing structures on three sides
with a hanging panel of the outer wall (see figure 2) is carried out through a mortar joint 20 mm
thick. Due to the low tensile strength of the solution, one-sided bonds are formed at the contact, and
the rigidity of the outer wall panel in its plane is several orders of magnitude higher than the rigidity
of the floor slab. Therefore, effective areas of support for the outer wall panel will be small areas
near the support and a gap is formed on the rest of the plate of the support plane, what the calcula-
tions indicate, taking into account the real diagram of the work of the mortar weld with low re-
sistance to tensile. Hence, one requires additional reinforcement of floor slabs.
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Figure 1 - Liquid tank tower and support ring (a) to transfer the load (b)

Figure 2 - The connection of the floor slab with a hanging outer wall panel

Its work in the process of installation becomes a multistage, which should be taken into ac-
count in the design and calculations. At the first stage, reinforcement is assigned according to the
results of calculation for the own weight of the floor slab from the condition of its support on three
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sides. In the second stage, after the installation of the exterior wall panel, the introduction of links
and all loads (permanent and useful), the floor slab should be considered sup-ported on four sides
due to the “suspension” of the exterior wall panel, and the own weight of the floor plate should be
considered only partially due to with creep concrete.

2 Conjugation of bearing internal wall panels with floor slabs.

In a panel building, the pairing of supporting internal wall panels with floor slabs forms a
node, called a platform's joint, which is filled with either a cement-sand mortar 15-30 mm thick or
5-10 mm cement paste. The contact zone (joint) has similar physical and mechanical characteristics,
as in Example 1, while the low tensile strength of the solution forms one-sided connections between
the wall panels and the floor slabs.

Numerical calculation of the platform’s joint by the finite element method, made in [3],
showed that the strength of the joint depends not only on the amount of vertical forces in the sup-
porting wall panel (as is customary in the calculations and design standards), but also on the hori-
zontal forces in the floor plate disk. The values of the ratio of vertical and horizontal efforts depend
on the location of the joint in the building and its architectural planning solution.

3 The connection of the bearing elements of the building with the sharp changes in its
structural and planning decisions in height

When two floors are connected: the lower one, made in the form of a frame, monolith or
panels with large openings, and the upper supporting panels with small openings, a complex stress-
strain state occurs in the joint area, characterized by the appearance of tensile stresses, an increase
in the tensile strength of the mortar, the crack in the seam will be formed across the plane of the
construction support. Therefore, a computational model with connection elements describing the
work of a contact joint as in examples 1 and 2 is considered. The principle of operation of these fi-
nite elements (compounds) is that when the specified limit forces (compression and / or tension) the
final element of the contact connection ceases to perceive the additional load and is disconnected
from further work.

At the same time, the final elements, in which the limiting efforts were achieved, continue to
deform like elements from an elastoplastic material until the maximum deformations are reached.

Reinforced concrete models of structures were carried out on a large scale and experimental
studies were carried out with them. Calculations based on these studies were also performed. The
test fragment, built on a 1: 2 scale, consisted of a lower floor wall with a large opening (1), an over-
lap (2), a wall panel of the upper floor (3), mating with the structures through the mortar seam (4)
(figure 3).

Comparison of the results of numerical simulation with the results of field tests showed their
con-vergence [5-7]. From the computational analysis performed by the method of limiting equilib-
rium in the kinematic formulation, it is clear that all the mechanisms formed as a result of plastic
defor-mations in the lintels and the seam were calculated with an accuracy of several parameters
obtained during the tests, which allowed us to estimate the “contribution” of each structural element
in overall strength and optimize load-bearing structures.

The lack of a unified approach in real structures and calculations leads to damage and de-
fects in structures. The inadmissibility of such an approach became clear after conducting the above
analysis of the calculations and the above experimental studies.
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Figure 3 - Scheme of the walls of the lower and upper floors connection

In [8], there is a requirement to take into account the actual work of the joints of buildings
when designing such systems.

4 Connections in panel buildings bearing prefabricated structures (walls) from the
base plate

It should be noted that the solution of this problem is similar to the solution of the problem
in Example 3.

Today, the described approach has been implemented in the LIRA-SAPR 2019 software
package.

Conclusions

Possible problems that arise during the design and construction of prefabricated panel build-
ings are considered. It is noted that due to the low tensile strength of the mortar along the contact
strip of the wall panel and the floor slab supported on three sides, one-way bonds are formed, while
the stiffness of the outer wall panel in its plane is several orders of magnitude higher than the stiff-
ness of the floor slab.

The values of the ratios of vertical and horizontal forces depend on the location of the joint
in the building and its architectural and planning decisions.

The lack of a unified approach in real design and calculations leads to structural damage and
structural defects.

REFERENCES

1.  Feodos'yev V.I. Desyat' lektsiy-besed po soprotivleniyu materialov [Ten lectures and talks on the re-
sistance of materials]. Moscow: Glavnaya redaktsiya Fiziko-matematicheskoy literatury izdatelstva ‘“Nauka”, 1969.
173 p.

2. Strugatskiy YU.M., Shapiro G.I. Zdaniye [Building]. Author’s licence. No 1588903, B.1. No 32, 1990.

3. Shapiro G.I., Shapiro A.G. Raschet prochnosti platformennykh stykov panel'nykh zdaniy [Strength calcu-
lation of platform joints of panel buildings]. Promyshlennoye i grazhdanskoye stroitel'stvo. 2008. No 1. Pp. 55-57.

4. Korovkin V.S., Kano L.L. Issledovaniye panel'nogo varianta konstruktivnogo resheniya pervykh nezhi-
lykh etazhey krupnopanelnykh zdaniy [Study of the panel version of the constructive solution of the first non-
residential floors of large-panel buildings]. Issledovaniye prochnosti i zhestkosti kon-struktsiy sbornykh mnogoeta-
zhnykh zdaniy [Study of the strength and rigidity of prefabricated multi-storey buildings]. Moscow: GlavAPU, 1985.
Pp. 3-15.

Ne 1(87) 2020 57




CTpouTeNbCTBO U PEKOHCTPYKIUSA

5. Shapiro G.I., Smirnov A.V. O raschete konstruktsiy panel'nykh zdaniy s karkasnymi kon-struktsiyami
nizhnikh nezhilykh etazhey [About structural analysis of panel buildings with the carcass structure of lower non-
residential floors]. Stroitel'stvo i rekonstruktsiya. 2016. No 4. Pp. 64-72.

6. Shapiro G.I.,, Smirnov A.V. Eksperimental'noye i chislennoye obosnovaniye modeli s odnostor-onnimi
svyazyami dlya rascheta panel'nykh zdaniy s nizhnimi karkasnymi etazhami [Experimental and numerical justification
of the model with unilateral constraints for the calculation of panel buildings with bottom frame floors]. Stroitel'stvo i
rekonstruktsiya. 2018. No 5 (79). Pp. 64-78.

7. Shapiro G.I., Smirnov A.V. Calculation model of typical panel building conjugation with large-span
frame constructions. /OP Conference Series: Materials Science and Engineering. 2018. Volume 456.

8.  Russian Standard SP 335.1325800.2017 Krupnopanel'nyye konstruktivnyye sistemy [Large-panel struc-
tural systems]. Moscow: Minstroy Rossii, 2017. 162 p.

CIIUCOK JIMTEPATYPBI

1.  ®eonoceeB B.U. [lecars nexmuii-6ecen MO CONMPOTHUBICHUIO MaTepuanoB. I maBHas pemakuus Puznko-
MaTeMaTH4eckoil mureparypsl. M.: M3a-Bo «Haykay, 1969. 173 c.

2. Crpyrauxuii FO.M., lanupo I'.11. 3nanue. ABt. cBux. Ne 1588903, B.1. Ne 32, 1990.

3. Ianupos I'.1., anmpo A.I". Pacuer npoyHOCTH MIaTPOPMEHHBIX CTHIKOB MaHeNbHBIX 31aHui // [Ipo-
MBILIEHHOE U TpakaaHckoe ctpoutenscTso. 2008. N 1. C. 55-57.

4.  Koposkun B.C., Kano N.JI. McciaenoBanue NaHENbHOIO BAPHAHTA KOHCTPYKTHUBHOIO PEIICHUS MEPBBIX
HEXXMIIBIX ATaXeH KPYIMHOIaHEeIbHBIX 3/1aHni // VccrnenoBanie MPOYHOCTH M )KECTKOCTH KOHCTPYKIMH COOPHBIX MHO-
rosTakHeIX 3manuid. M.: I'maBAITY, 1985. C. 3-15.

5. Mammpo I'.1., CmuprOoB A.B. O pacuere KOHCTPYKIHNI MAaHENBHBIX 3MaHUN ¢ KAPKACHBIMU KOHCTPYKITH-
SIMH HIDKHUX HEKWITBIX 3Taxel // CTpouTenbecTBO U peKoHCTpyKus. 2016. Ne 4. C. 64-72.

6. ammpo I''U., CmuprOB A.B. DKCIiepuMeHTaIbHOE W YHCICHHOE 00OCHOBAHWE MOJEIH C OJHOCTOPOH-
HUMH CBSI3SIMH IUIsL pacyeTa MaHeIbHBIX 34aHHUH ¢ HIDKHUMH KapKacHBIMHU dTakaMd // CTPOUTENbCTBO U PEKOHCTPYK-
must. 2018. Ne 5 (79). C. 64-78.

7. Shapiro G.I.,, Smirnov A.V. Calculation model of typical panel building conjugation with large-span
frame constructions // IOP Conference Series: Materials Science and Engineering. 2018. Volume 456.

8. CII 335.1325800.2017 KpynHomaHenbHble KOHCTPYKTHBHBIE cucTeMbl. M.: Munctpoit Poccun, 2017.
162 c.

Information about authors:

Shapiro Gennady I.

LLC Techrecon, Moscow, Russia,

chief constructor Techrecon LLC, engineer.
E-mail: g-shapiro@mail.ru

HNudopmanus 06 aBTopax:

Hlanupo I'ennaguii UcaakoBuy

000 «Texpexon», . Mocksa, Poccus,

1. KoHCTpyKTOp OO0 «Texpekon», HHKEHEP.
E-mail: g-shapiro@mail.ru

58 Nel (87) 2020



