@‘ MH}ICBHEPHO-CmPOleBAbelﬂ 6ECMHUK Hpmcacnuﬂ

UDC 624

NEW STRUCTURAL AND TECHNOLOGICAL SOLUTIONS

FOR FOUNDATIONS OF SUBMERGED UNDERWATER TUNNELS

N. V. Kupchikova

Astrakhan State University of Architecture and Civil Engineering, Astrakhan, Russia

This paper presents new design and technological solutions for bases and foundations for deep underwater transport tunnels. Tun-
nels are less susceptible to seismic effects, since they do not have resonant phenomena, unlike ground structures. During the passage
of seismic waves, tunnels are deformed in the same way as the surrounding soil mass, if the soil is solid, or significantly less if the soil
is weak. These deformations are usually small and do not pose a serious danger to tunnel linings.
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HOBBIE KOHCTPYKTUBHO-TEXHOJIOTUYECKHWE PEHIEHUA

JUIA ®YHIAMEHTOB 3ATOIIJIEHHBIX O/IBOAHbIX TOHHEJIEX

H. B. Kynuukoea

AcmpaxaHckuil 2ocydapcmeeHHblll apXumeKmypHo-cmpoumeabHblll yHugepcumem, 2. Acmpaxats, Poccus

B cTaTbe npe/cTaB/ieHbl HOBble KOHCTPYKTHBHO-TEXHOJIOTMYECKHE pellieHUs] 0CHOBAHU M 1 pyH/JaMeHTOB IJ1y60KOBOHBIX TPAHC-
MOPTHBIX TOHHeJIeH U3 COOPHBIX CEeKLUHU JIJIS CJIaObIX U CTPYKTYPHO-HEYCTOMYUBBIX JOHHBIX IPYHTOB. TOHHeIM MeHee No/ABepXKeHbI
celicCMUYeCKUM BO3/leHCTBUSAM, YeM MOCTOBbIe COOPY)KeHHs], TaK KaK B HUX HeT Pe30HAHCHBIX sSIBJeHUH (B OTJMYMe OT Ha3eMHbIX
coopyxeHuR). [Ipy npoxox/ieHUH ceiCMUYeCKUX BOJIH TOHHEH JepOPMUPYIOTCS TaK >Ke, KaK U OKPY>KaloIUH IPYHTOBBIM MaccuB,
€C/IM TPYHT TBeP/bIH, MM 3HAYUTEJbHO MEHbIIE, €CJIM IPYHT C/1abbli. PaccCMOTpeH NpaKTUYeCKUH ONbIT 3aKpenJeHHbIX JOHHbIX
OCHOBAHUH U YCTPONCTBA KOHCTPYKLUH CBalHbIX PyHAAMEHTOB C yIIMPEHUSAMHU.

Karoueavle cs108a: no08odHble MOHHeU, MOHHE/AbHble 0CHOBAHUS, c8aliHble hyHOaMeHMbl, hyHAaMeHMbl C pACMANCKAMU.

Introduction 2, a), tunnel crossings from lowered sections com-

As time goes on, technologies become more ad-  bined with ground highways (fig. 2, b) and a tunnel
vanced, structural engineering barriers in construc- version from lowered sections combined with a tun-
tion break down, and restrictions expand, generating  nel constructed by mountain method (fig. 2, c).
mind-boggling innovations that make us think. One of Usually, sections are designed so that when fin-
the most common methods in the development of rail-  ished they have at least a small negative buoyancy,
way construction is the device of lowering underwater ~ which guarantees against the need to take measures
tunnels when crossing water barriers. Which have dif-  against the ascent of the tunnel. However, in this case,
ferent cross-sections. to keep the sections afloat, it is necessary to connect

Researches show that the conditions of crossing them with pontoons or, for circular sections, fill only
the Straits by sinking tunnels are assessed as uniquely  partially the space between the steel shells with con-
complex due to natural, climatic and engineering-geo-  crete before launching. This process continues in the
logical factors. A good example is the proposed under-  floating state of the section and ends only after it is
water floating tunnel in Norway, which is estimated to  delivered to the place of lowering.

be 4,000 feet long and 100 feet underwater, at a cost of Before lowering the partition in proper position
about $ 25 billion. Construction is expected to be com-  in the bottom of the watercourse, such as underwa-
pleted in 2035. ter dredging, develop the pit, the slopes of which

give the slope, depending on the degree of stability
of bottom sediments, rate and direction of flow, as
well as from the content in the flow of suspended
soil particles that can be deposited in the trench,
forming a reclamation, impeding the lowering of the
sections in proper position. The question of the pur-
pose of the slopes of the pit slopes is solved in the
process of hydrological studies of the watercourse.

Further preparation of the Foundation is per-
formed in several ways. In some cases, a layer of
sand, fine gravel or crushed stone 50-100 cm thick
is laid on the bottom of the pit. Bulk materials are

: i ‘ sent from the barge down the pipes and leveled with
Fig. 1. Underwater tunnel Under construction in Norway a special planning device suspended from a cart that
moves along trusses mounted on two barges. The
alignment accuracy of the bulk base is +3 cm.

In other cases, the section rests on the bottom of
the pit through four angular reinforced concrete
support blocks suspended and connected in pairs in
the transverse direction by steel tubular elements.
It also shows the connection of the section to the

Materials and Methods.

Therefore, according to the design and techno-
logical solutions, long crossings over straits and
wide rivers, especially on the territories of dissected
landscapes by water barriers, can be divided into a
tunnel-bridge version, combined with bridges (fig.
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support block by means of a short steel sub-Jack
post passing through a hole in the lower plate into a
niche in the wall of the section.

A third method has a more limited use - lower-
ing sections on concrete grillage bushes of piles or
anchors fixed in the bottom of the pit. In this case,
the grillage is also used to secure cables that pull the
section with positive buoyancy to the design posi-
tion by means of polispastov.

One of the problematic tasks that researchers, de-
signers and builders face when constructing tunnels
from sinking sections is structurally unstable ground
layers at the bottom of reservoirs. Soil is called the sur-
face layer of the bottom of the reservoir and engineer-
ing and geological conditions at the location of the tun-
nel are often not favorable for construction, and solid
soils lie, as a rule, at a depth of 20-30 meters. At the
coast, mainly bedrock, as well as thin layers of sand
and gravel come to the surface, and the sea floor along
the tunnel route, in addition to coastal areas, consists
of viscous soft rocks - clay, sandy silty bases or silts
with layers of sea clay, so the soil at the base of the tun-
nel must be strengthened.

One of the ways to strengthen the weak muddy
bases at the bottom of reservoirs is a stone outline.
Stone outline is most often considered to be a dam
made of sketched or loose stone, which has the
shape of a trapezoid with equal slopes, the width of
which is at least 3 meters. Great importance in the
world has been attached to research to identify
more new ways of using stone-fill dams.

In hydraulic engineering, masonry is very often
performed without the use of binders in the follow-
ing ways:

e outline of stone or small stone materials
(crushed stone, pebbles, etc.);

e dry masonry, when the stones are selected in
such a way that a more or less dense array is ob-
tained with the dressing of rows of stone;

e laying mesh boxes, so-called gabions, filled
with small stone.

Stone outline for strengthening the banks and
bottom is used when there is a sufficient amount of
suitable stone on or near the construction site from
dense igneous, sedimentary and metamorphic rocks
that have the necessary strength, resistance to the
destruction of filtration flows, frost resistance for a
long time and water resistance. The size of stones
and thickness of the outline defined by the project
depending on the flow rate, wave height, steepness
of slope and the volume weight of the stone.

The stone outline is arranged by pouring stones
directly into the water, it is only important to ob-
serve the correspondence of the mass of stones to
the speed of water movement. During the dredging
worKks, the stone is poured into the water from wa-
tercraft, which ensures a high rate of construction.
The main drawback is the high cost of the stone out-
line, but in many cases this design of the bottom and
bank protection is the only possible one.
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A) tunnel-bridge version combined with bridges
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B) tunnel version of the lowering sections,
combined with ground highways
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C) a tunnel version of the lowering sections,
combined with a tunnel constructed by mining

4 5
E) dredging of soft and viscous soils
with stone outline and micro-soles

5
F) dredging of soft soils with piles with a broadened lower heel

Fig. 2. Structural and technological solutions for long passages
across Straits on the territories of dismembered landscapes:

1 - tunnel of Ilowering sections; 2 micro-piles;
3 - pile with end widening; 4 - stone outline; 5 - shoals and;
6 — weak soils of the reservoir bottom; 7 - bridge; 8 - bridge supports

According to the project documentation analysis
[1-7], the results of the survey the authors of [8-11]
and a number of manuals and recommendations on
the design of bottom and bank stabilization silt rea-
son [12-15], the following features enhance rock
placement:

1) silty soils of reservoirs are classified as struc-
turally unstable soils, the structure of which does
not have strength and stability and can be disturbed
by any action of additional (above natural) pressure
(often very small);

2) the content of particles in silty soil is less than
0.01 mm, which is 10-30% by weight, i.e. such a base
has almost no weight and can be displaced by the
pressure of the weight of the stone outline;
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3) volume of stone material in the outline should
be determined in consideration of the safety factor
on seal: for sand and gravel (macadam) mixtures
optimal grain structure and gravel fractions 40-70
70-120 mm and brand strength of 800 or more, the
safety factor of the material of the seal should
roughly make a 1.25 to 1.3 and for gravel marks
with strength 600-300 - 1,3-1,5;

4) the coefficient of slag reserve for compaction,
depending on its density, should be approximately
1.3-1.5.

Figure 2 (d) shows a structural and technological
variant of strengthening weak soils at the bottom of
the reservoir when laying tunnels from the lowering
sections with a stone outline and micro-trams.

The next constructive and technological method,
often used in hydraulic engineering construction on
weak soils, is the construction of bored piles with a
broadened fifth in the lower part, the principle of
which is mainly based on the method with an unre-
coverable shell, when there is no possibility of high-
quality manufacturing of piles with a removable cas-
ing pipe. Such conditions are created in hydraulic en-
gineering construction, where under the pressure of
water flows, the pile shaft in some areas can be de-
stroyed during the hardening of the concrete mix-
ture. For rice. 2 (e) presents a variant of strengthen-
ing weak soils at the bottom of the reservoir when
laying tunnels from the lowering sections with bored
piles with end widenings, which contributes to a sig-
nificant increase in the load-bearing capacity and the
required stability of the pile base under the tunnel.

Advantages and disadvantages of tunnels made
of descending sections.

The large number of transport crossings built
and operated in the world, which include tunnels
made of drop sections, indicates the advantages of
such projects in comparison with other types of
transport crossings. Let's note some of them.

1. Currently, all stages of construction are well devel-
oped in the world: construction of sections, transporta-
tion of sections to the dive site, methods of diving.

2. Simultaneous production of a large number of
sections of tunnels on the shore can significantly
speed up construction, while using all the technolo-
gies and achievements that are used in the produc-
tion of reinforced concrete products.

3. There is no impact on shipping during the con-
struction process.

4. When operating transport crossings, neither
the height nor the tonnage of vessels passing
through Straits, bays and wide rivers is limited.

5. The project of a combined transport crossing
consisting of bridges and tunnels made of descend-
ing sections may be more economical than the pro-
ject of a large-span bridge and a mountain tunnel
built using the shield method.

Conclusions

It should be noted that tunnels made of sinking
sections also have disadvantages, which are their im-
pact on the environment: they can affect fish habitats,
change currents and reduce water transparency.

But the main drawback at the moment is the lack
of experience in building tunnels of this type in the
Russian Federation, as well as the lack of necessary
equipment. Nevertheless, the time has come to start
building this type of tunnel, especially since in Rus-
sia there are a large number of water (sea and river)
barriers that must be crossed by transport crossings
without disturbing navigation.

The analysis of constructed and projected
transport crossings that use tunnels made of lowered
sections shows that when choosing the option of
crossing transport highways, the project of a tunnel
made of lowered sections can be the most economical,
reliable and acceptable in terms of costs, construction
time and the use of modern technologies.

When choosing a bridge crossing option to ensure
the passage of high-tonnage vessels, it is necessary to
build large-span bridges on high supports. Weak struc-
turally unstable soils, deep bedrock and high seismic-
ity of the area will create serious problems in the con-
struction and operation of such structures.

The natural frequencies of vibrations of large-
span bridges fall into the region of the dominant fre-
quencies of earthquakes, which can lead to resonant
phenomena and damage the structure even under
weak seismic influences.

Tunnels are less susceptible to seismic effects,
since they do not have resonant phenomena, unlike
ground structures. During the passage of seismic
waves, tunnels are deformed in the same way as the
surrounding soil mass, if the soil is solid, or signifi-
cantly less if the soil is weak. These deformations
are usually small and do not pose a serious danger
to tunnel linings.
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WUCCJIEJOBAHUE TEXHUYECKOTI'0 COCTOSAHUA UCTOPUYECKUX 3JJAHUI
U AHAJIU3 COXPAHHOCTHY KAMEHHOM K/IAJIKM HECYIIIMX KOHCTPYKIUH
A. H. I'oiika10s, B. H. lllep6akos

Boponescckuli 2ocydapcmeenHblil mexHuveckuli yHugepcumem, 2.BopoHedic, Poccus

PaccmoTpeHa npo6JieMa BOCCTaHOBJIEHHUSI UCTOPUYECKUX 3[jaHUH ¢ yueToM pakTHYecKUX GU3UKO-MeXaHUUeCKUX XapaKTepUCTUK
MaTepHaJoB KAMEHHOM KJIa/iIKH, KOTopasl 3KCILIyaTHpOBaslach B CUJIbHO arpecCUBHOM cpefie. [IpyBe/ieH NpUMep TeXHUYECKOro 06-
cJleloBaHuUs 3/jaHus LiepKBU Bo3aBukeHUst KpecTa B BopoHexckoit 06/1acTH, B KOTOPOM pacyeTHbIM IyTeM Ha OCHOBAaHUH 06MepHBIX
paboT U UHCTPYMEHTAJBbHOI0 OCMOTPA 060CHOBAHA JAaJbHeHIIas IKCIIyaTalusl KHPIMYHbIX CBOJOB NOKPbITUS. OnpeJiesieHbl pe-
3epBbI Hecyll el CIOCOGHOCTH KaMeHHOM KJIa/IKU U CTa/IbHBIX TsKel CBO/IOB, a TaKXe YMC/IeHHble 3HaueHHUsI UX HaNPsKeHUH ¢ yde-
TOM paKTHYEeCKUX IPOUYHOCTHBIX XapaKTePUCTUK MaTepHaIoB. BblsiB/IeHbl IPUYMHBI BbICOKOW CTeNIeHU COXPAaHHOCTH KJIaJKU CTEH U
CBOJIOB MOKPBITHS, KOTOPbIE 3aKJIIOYAIOTCS B BBICOKOM KaueCTBe HUCXOJHBIX CTPOUTE/IbHBIX MaTepHasloB KaMEHHOHN KJIaJKU — KUP-
I14Ya U KJIaJJOYHOT'0 pacTBOPA IIBOB.

Kaioueavle cnoea: ucmopuyeckoe 30aHue, mexHuueckoe 06c1e008aHuUe, KAMEHHAs KAAJKA, KUpNUY, N08epO4HbLi pacyem.

STUDY OF THE TECHNICAL CONDITION OF HISTORICAL BUILDINGS

AND ANALYSIS OF THE PRESERVATION OF STONE MASONRY OF BEARING STRUCTURES
A. N. Goikalov, V. I. Shcherbakov

Voronezh State Technical University, Voronezh, Russia

The problem of restoration of historical buildings is considered, taking into account the actual physical-and-mechanical character-
istics of masonry materials, which were operated in a highly aggressive environment. An example of a technical building inspection of
the Church of the Exaltation of the Cross in the Voronezh region is given, in which the further operation of the brick vaults of the
covering is justified by calculation based on the measurement work and instrumental examination. The reserves of the bearing capac-
ity of the masonry and steel ties of the vaults, as well as the numerical values of the stresses in the masonry of the vaults, taking into
account the actual strength characteristics of the materials, have been determined. The reasons for the high degree of preservation of
the masonry of walls and roof vaults are revealed, which consist in the high quality of the initial building materials of the masonry,
bricks and masonry mortar of joints.

Keywords: historical building, technical inspection, masonry, brick, verification calculation.

[Ipy BbIMOJIHEHUU pPabOT MO OLiEHKe TeXHWYe- INPOTSKEHUM MHOTHX JeCSTU/IeTUN HaxXOAWIUCh 6e3
CKOTO COCTOSTHHSI HECYII[UX CTPOUTEbHBIX KOHCTPYK-  KPOBJIM U GBLIM TOJIBEP>KEHBbI BJUSHUIO aTMochep-
IIUM UCTOPUYECKHUX 3[IaHUH ClelyeT 0C060 OTMETUTb  HBIX OCAZIKOB.

PaboToCHOCOGHYI0 KaTeroOpyui0 KaMeHHbIX KOHCTPYK- [lepkoBb Obl/Ia MOCTPOEHA «BOCBMEPUK Ha YeT-
OMH Jake NpU 3HAYUTEJbHBIX HeOJIAarONPUATHBIX  BEPUKE» U SIBJSETCS 06BEKTOM HCTOPUYECKOTO U
BO3/IeHCTBUAX paKTOPOB BHEIUHeH cpeAbl Llesb fJan-  kysnbTypHOro Haciaenus Bopouexckoi obnactu [1,
HOM CcTaThbU — Ha npruMepe BbIITOJIHEHHOTO O6CJ'I€AO- 2], 3,£La1-me OJHO3Ta)XHOe C IoJBaJIoM, UMeeT pas-
BaHUsA 3/[aHuA 1lepkBu BosaBukenus: Kpecra B ro- Mepbl 0 ocAM 22,2 x 48,0 M 1 BbICOTY A0 22,9 M.

poze Hosoxonepcke BopoHexckoit o61acTn npoaHa- B 1930-x rT. 11epKOBBb 6blJIa 3aKPbITa, a KPECT C
JIM3UPOBaTh NPUYMHBI BHICOKOH CTENEHH COXPAHHO-  CHOBHOTO LleHTPaNBHOTO CBO/A COPBAJIM TPAKTO-

CTU U AOCTATOYHOMU HeCyllen CIIOCOOHOCTH KaMeH- poM B 1960_e, MOBpeJiB KUPNIMYHYIO KJI3JAKY 3TOr0
HOU KJIaAKW CT€H U CBOAOB IMOKPBLITHUA, KOTOPbIE HA
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