
Masonry

Masonry - mostly vertical members

Columns are resistant to 
vertical actions but 
sensitive to horizontal 
actions.

Walls are resistant to vertical 
and longitudinal actions but 
sensitive to transverse 
actions.

Transverse 
(cross - wise) 
action

Vertical action

Longitu

dinal 
action



Masonry as a structural material

Components
- Masonry units EN 720, strengtht fb= δ × fu,

- δ the coefficient of units dimensions,
- fu the mean of unit strength,

- Mortal EN 1015-11, e.g. M10, fm = 10 MPa 
cement: lime: sand  (commonly) 1:1:5 
Masonry

• plain masonry
- normal mortal
- thin joints
- light mortal

• reinforced masonry
• prestressed masonry

Compressive zones in plain concrtee 
and masonry



Masonry – historical notes

• Bricks – the oldest artificial construction 
material – Middle East, Irán – lack of 
natural stones

• At the beginning shaping (forming) natural 
materials, later production of bricks from 
various plastic materials – 9000 years ago

Manufacturing of bicks



Draying technology on a sun



Mesopotamia – Pergamon muzeum

Samára – 9. století



Samarkand - Registan

Nymburk



Applications

• Widely used material

• economy

• Easy detailing

• Short construction 
interval

• Reduction of 
subcontructors

• Human size

• Broad spectrum of units

Resistance to natural 
influences

Minimum maintenance

Excelent thermal properties

Small unites

Easy forming

Gret opportunities to 
architects

Local raw materials

Construction periods limited

EN 1996 - Characteristic strength

Masonry strength of plain masonry:

fk = K fb
0,65 fm

0,25 (newly fk = K fb
0,7 fm

0,3)

- K constant dependent on masonry type and units, for 
masonry without longitudinal joints0,45 až 0,55 
- fb = δ×fu strength of units< 50 Mpa

- δ effect of units dimensions, for CP 290/140/65 δ = 0,77

- fm strength of mortal < 20 MPa  or  < 2 fb

An example: K = 0,5 (units 2a, without longitudinal joints)

fb = 25 MPa, fm = 15 MPa

fk = 0,5 × 250,65 × 150,25 = 8,0 MPa



Partial factors γM in ENV 1996

Units class Production class

A                B              C

I 1,7 2,2 2,7

II 2,0 2,5 3,0

Design strength

fd = fk/ γM

Partial factors in EN 1996



Simple wall

h

t
hef = ρnh 
ρn ≤ 1 reduction 
coefficient dependent 
on boundary conditions

→ n = 2, 3, 4.

For reinforced concrete 
slabs ρn = 0,75.

Rectangular cross section

N
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is design resistance of cross section,

b width of wall,

t thickness of wall (without plaster),

Φ i,m reduction coefficient.

Reduction coefficient for haed or foot of wall:

ΦΦΦΦi = (1 – 2 ei /t)
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Middle cross section
Reduction coefficient Φm due to eccentricity and slenderness

ΦΦΦΦm = A1 exp(– u2/2) < 1

Coefficient A1 due to eccentricity dependent on emk a t: 

A1= 1 – 2 emk/t,

emk is the total eccentricity 0,33t ≥ emk≥ 0,05 t

emk= efm+ ea + ek ,  em= efm+ ea 

load: efm = MEd /NEd

imperfections: ea = hef/450,

creep: ek = (0,002 ΦΦΦΦ∞∞∞∞ hef /tef )√√√√ (t em)

ek depends on creep coefficient Φ∞=εc,∞ /εe1, εe1=σ /E: Φ∞ = 0 to 2, for 
stones 0, fired bricks 0,5 až 1,5, concrete units 1,5 až 2. 

Effect of slenderness

Coefficient exp(– u2/2) depends on slenderness λ:

Effective thickness tef equals actual thickness t in case of one layer.

Graphs – tables for ΦΦΦΦm = A1 exp(– u2/2) given for the coefficient 
of masonry defocrmation ααααsec = E / fk (~ 1000), slenderness ratio

hef /tef < 27 (commonly ~ 5 to 10), and eccentricity emk /t ≥≥≥≥ 0,05.
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Reduction coefficients Φm

forαsec =1000

An example

Fired bricks fu =25 MPa, units I, production B, γM = 2,2

K = 0,4 ; fb = δ fu = 0,77 × 25 = 19,25 Mpa; M10: fm = 10 Mpa

fk = 0,4×19,250,65×100,25 = 4,86 MPa, fd = fk/γM = 4,86/2,2 = 2,07 MPa

M = 0, efi = efm= 0; hef = 0,75 × 3,3 = 2,5 m, b = 1 m, t = 0,44 m

NRd = ΦΦΦΦi,m ×××× b ×××× t ×××× fd = ΦΦΦΦi,m ×××× 0,911 MN

Foot and head of the wall:

ea = hef /450 = 2,5/450 = 0,0055 m

e
i
= e

fi
+ e

a = 0 + 0,0055 (≥ 0,05 t); 0,05 t = 0,05 × 0,44 = 0,022 m 
e

i
= 0,022 m , Φi = 1− 2 e

i
/t = 1− 2 × 0,022/0,44 = 0,9

NRd = ΦΦΦΦi ×××× b ×××× t ×××× fd = 0,9 ×××× 1 ×××× 0,44 ×××× 2,07 =  0,820 MN

Middle of the wall:

ek= 0, for αsec=1000, hef /tef=5,64 and emk /t = 0,05 graph: Φm = 0,88 

NRd = ΦΦΦΦm ×××× b ×××× t ×××× fd = 0,88 ×××× 1 ×××× 0,44 ×××× 2,07 =  0,802 MN



Summary - the most important points

- Masonry components and types of masonry

- Characteristic masonry strength

- Assumed stress distribution of a masonry wall 

- Resistance of rectangular head and bottom cross section 

- Resistance of rectangular in the middle of the wall

- An example of resistance calculation

Masonry bridge in Switzerland



Alby Sweden

Holýšov in the Czech Republic



Nymburk - renaissance city hall

Nymburk – town walls



Písek – Stone bridge 13 century

Písek - Stone bridge during flooding in 
2002



Písek – Stone bridge after flooding 
in 2002


