
Stainless steel tie-rods (extrados of vaults and decks) with a
rectangular section

Anchoring of strands consisting of stainless steel bars M16 with
eyebolt, thimble and clamps for locking the strand, anchored to
the masonry with mortar based on hydraulic lime

External hoop of the walls consisting of stainless steel strands
(Ø6 mm) inserted inside the mortar joints (after a partial
sharpening about 5-6 cm deep). Six steel strands for each joint
are provided.

A Stainlewss steel retaining for the tie-rods (stake)
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Spread injections inside the masonry cracks with superfluous
lime-based hydraulic mortar (using mortar M2)

Cracks filling with lime-based mortar (using mortar M1)

Reconstruction of the collapsed masonry

Reinforcement of the wall foundation by enlarging the existing
one with a new curb made of reinforced concrete

Crack filling with the "scuci-cuci" technique (using mortar M4)

Deep crack

Crack

Reinforcement of the lower portion of wall masonry with spread
injections inside the detected voids with fibre-reinforced mortar
(using mortar M3) added with aggregates

Reinforcement of the upper portion of masonry wall with two orders
of artificial steel bondstones, arranged at a horizontal distance of
6,00 m and every 1,5 m vertically; they are made with a steel through
bar with fibre-reinforced hydraulic lime mortar (using mortar M3),
connected externally to the metal retaining (round end-plate)

F

B

Existing transversal voids in the masonry

KEY LEGEND FOR PROPOSED STRUCTURAL INTERVENTIONS

Rooted stainless steel retaining connected by
injection into the masonry with epoxy resin

Stainless steel retaining for the tie-rods (round end-plate)
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Anchoring of strands consisting of steel bars M16 with
eyebolt, thimble and clamps for locking the strand, anchored

to the masonry with mortar based on hydraulic lime

B

B

External hoop of the walls consisting of
stainless steel strands (Ø6 mm) inserted inside
the mortar joints (after partial sharpening)

Removal of the soil in the
lower portion of the tower
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Ring connectors to keep the strands in place

External hoop of the walls consisting of stainless
steel strands (Ø6 mm) inserted inside the mortar
joints (after partial sharpening)

Anchoring of strands consisting of steel bars M16 with
eyebolt, thimble and clamps for locking the strand, anchored
to the masonry with mortar based on hydraulic lime

Anchoring of strands consisting of steel bars M16 with
eyebolt, thimble and clamps for locking the strand, anchored

to the masonry with mortar based on hydraulic lime
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Removal of the soil in the
lower portion of the tower

Removal of the soil
for clearing the tunnel
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Anchoring of strands consisting of steel bars
M16 with eyebolt, thimble and clamps for

locking the strand, anchored to the masonry
with mortar based on hydraulic lime

External hoop of the walls consisting of
stainless steel strands (Ø6 mm) inserted inside

the mortar joints (after partial sharpening)

Removal of the soil in the
lower portion of the tower
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7-7
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Ring connectors to keep the strands in place

External hoop of the walls consisting of stainless
steel strands (Ø6 mm) inserted inside the mortar
joints (after partial sharpening)
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Ring connectors to
keep the strands in
place

External hoop of the walls consisting of stainless
steel strands (Ø6 mm) inserted inside the mortar
joints (after partial sharpening)

Anchoring of strands consisting of steel bars M16 with
eyebolt, thimble and clamps for locking the strand,
anchored to the masonry with mortar based on hydraulic
lime
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Anchoring of strands consisting of stainless steel bars M16 with
eyebolt Ø40 mm, thimble and clamps for locking the strand,
anchored to the masonry with mortar based on hydraulic lime
(M3) with a minimum compressive strength of 12 Mpa

External hoop of the walls consisting of stainless steel strands (Ø6 mm)
inserted inside the mortar joints (after a partial sharpening about 5-6 cm
deep). Six steel strands for each joint are provided.

150

150

>200

Transverse ring connectors to keep the strands in place, consisting of stainless
steel bars M16 with eyebolt Ø40 mm, anchored to the masonry for a lenght
of 80 cm with mortar based on hydraulic lime (M3)

Existent masonry wall

Local removal of the stone facing for
inserting the steel bar and subsequent
reintegration
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Ring connectors to keep the strands in placeExternal hoop of the walls consisting of stainless steel strands (Ø6
mm) inserted inside the mortar joints (after partial sharpening)

Anchoring of strands consisting of steel
bars M16 with eyebolt, thimble and
clamps for locking the strand, anchored
to the masonry with mortar based on
hydraulic lime

1.50

N

03 - Injection of the hydraulic lime mortar into the sock

04 - Detail of the anchoring system after the injection

01 - Steel bars in fabric socks for the anchoring system

02 - Insertion in the masonry of a steel bar inserted in
the fabric sock with the injection tube

EXISTING MASONRY WALL PHASE 1

partial sharpening of the
mortar joint for a dept of
5-6 cm and perforation of
the wall with a hole
diameter of 8 cm and
depth 80 cm.

PHASE 2

Insertion of transverse ring
connectors consisting of
stainless steel bars M16
anchored to the masonry, for
a lenght of 80 cm, with
mortar based on hydraulic
lime (M3) with a minimum
compressive strength of 12
Mpa. Minimum step 3,35 cm;
maximum step 5,00 m.

The bar, before being
inserted in the masonry,
must be inserted in a fabric
sock open at the external end
to allow the insertion of the
injection tube for the mortar.
The six stainless steel strands
are passed through the
connector to maintain their
position.

80

80
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PHASE 3

Restoration of the mortar
joint to cover the strands.

External hoop of the walls
consisting of stainless steel strands

(Ø6 mm) inserted inside the mortar
joints (after a partial sharpening

about 5-6 cm deep). Six steel
strands for each joint are provided. Transverse ring connectors to keep

the strands in place, consisting of
stainless steel bars M16 with eyebolt
Ø40 mm, anchored to the masonry
for a lenght of 80 cm with mortar
based on hydraulic lime (M3)

80
.0

0

MATERIALS TECHNICAL REQUIREMENTS:

- CONCRETE: concrete shall comply with the requirements set out in СP H.04.04.2018 standard
"Betoane și mortare. Beton. Specificație, performanță, producție și conformitate”, table S.1 and S.2
Annex S. The clear concrete cover for foundations shall be at least 4,5 cm thick. The concrete shall
be characterized by the following values.

- Concrete class C30 (or concrete mark M400 according to GOST 26633, table S.1 from CP
H.04.04-2018)

- Consistency class S3 (according to СP H.04.04.2018 table 4)
- Exposure class XC1 (according to СP H.04.04.2018 table 1)

- CONCRETE REINFORCING STEEL (Ø8 - Ø16 bars and stirrups): concrete reinforcing steel shall comply
with the requirements set out in NCM F.02.02-2006 standard. Reinforced steel class A-I for stirrups
with Rs = 225 MPa and Rsw = 175 MPa and reinforced steel class A-III for bars:

- for Ø6 - Ø8 bars: Rs = 355 MPa
- for Ø10 - Ø40 bars: Rs = 365 MPa

The overlapping of reinforcing steels shall have minimum lenght of 50Ø. Any metal element inserted
in the masonry or in contact with it shall be made of stainless steel.

- CARPENTRY STEEL (bars, metal plates and strands): carpentry steel shall comply with the
requirements set out in GOST 27772-88 standard and shall be classified in the category C285.
Threaded bars and bolt shall be classified in the category 6.8 (ftbk = 600 MPa) according to ГОСТ
1759.4-87. standard. Any metal element inserted in the masonry or in contact with it shall be made
of stainless steel. CORTEN steel shall have chemical and mechanical characteristics similar to that of
category S235JOW provided by EN 10025-5 standard.

- WELDINGS: all weldings shall be MIG type and are intended for complete repair of the section. The
characteristics of the filler materials (yield stress, tensile strength, elongation at break and
resilience) shall be equivalent or superior to the corresponding characteristics of the welded parts
(C285).

- SOLID TIMBER WOOD: all wooden structural components shall be made with solid timber of fir tree
and comply with the requirements set out NCM F.05.01-2007 standard, with wood quality II. Wood
screws shall have resistance values and dimensions in accordance with EN 1995-1-1:2014 standard.

- MORTARS: three main types of mortars are provided for structural interventions.
- M1, premixed mortar for masonries composed of natural hydraulic lime and Eco-Pozzolana,

natural sands, special additives and microfibers (type Mape-Antique Allettamento by MAPEI
S.p.A. or another type with same technical characteristics and performances).

- M2, for micro-cracks nucleus consolidation: superfluous grout composed of lime and
Eco-Pozzolana, ultrafine natural sands and special additives (e.g. Mape-Antique I of MAPEI
S.p.A. or another type with same technical characteristics and performances). Injections must
be executed until refusal, from bottom to top, with mechanical or electronic pumps.

- M3, for nucleus void filling: pourable mortar for masonries, composed of natural hydraulic lime
and   Eco-Pozzolana, fine natural sands, special additives and microfibers, with very low
emission of volatile organic substances (EMICODE EC1 R Plus) (e.g. Mape-Antique Colabile type
of MAPEI S.p.A. or another type with same technical characteristics and performances). For
thickness over 4 cm, the mortar must be added with aggregates from 30 to 50% on the weight
of the product, of appropriate grain size (e.g. limestone gravel 3-5 or 6-10).

- M4, premixed mortar for masonries, based on natural hydraulic lime (NHL 3,5 and NHL 5) and
inorganic reactive compounds, natural sands and special additives with very low volatile
organic emissions (EMICODE EC1 R Plus) (e.g. type Mapewall Muratura Grosso of Mapei S.p.A.
or another type with same technical characteristics and performances).

- EPOXY RESIN: high performance bi-component epoxy resin (e.g. Kimitech EPOXY CTR ST3-0719 type
by KIMIA S.p.A. or another type with same technical characteristics and performances).

S2

H

S1≥S2

H≥0.7xS2

Sp≥S2

IMPORTANT REQUIREMENTS FOR WORK:

- all the measures shall be controlled on the construction site by the
executing company, as the fortress is an existing building with
variable measures;

- all welding works made on building site will provide a corner seams
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