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1  

project :- 

Disclaimer

Spreadsheet key
Input cells to be completed by user

Instruction, must be followed

Output Cell

Introduction

Inputs

Seismic Design Paramaters

RBC / GEM ag Peak ground acceleration m/s
2

g=9.81 m/s
2

α Ratio of pga, gravity g

EC8, Fig 3.2 & 3.3 Response Spectrum Type

EC8, Table 3.1 Soil Type

Table 3.2 & 3.3 S Soil factor 

EC8, Table 4.3 γa Importance Facor 

EC8, Table 4.4 q Ductility Factor

EC8, Eqn 3.14 Sd Design seismic acceleration on plateau g

Geometry

L Unit Length m

W Unit Width m

A Area of Unit Footprint m
2

n Number of storeys

hG Ground Floor Height m 

h1 m 

h2 m 

hP Parapet Height, maximum 1m height m 

H Building Height m 

EC8, Eqn 4.6 T1 Fundamental Period s

t Select Wall Thickness mm

λwall Slenderness of wall at GF

36,0

210

2

0,29

1,0

2,5

2,5

2,5

0,275

9

SKAT RLB 

Construction 

Manual 

This calculation spreadsheet calculates the seismic force acting along each structural wall line in a 

single or group of simple housing units built with Skat Rowlock Bond Maosonry Technology.

Limitations of the spreadsheet include - Refer to Construction Manual for more information:

- The housing unit must be rectangular in plan, with no re-entrant corners.

- SKAT RLB junction elements to be continuous over height of the building.

- The unit may have a single additional transverse wall (Spine Wall) centred on the plan

- The housing unit can be single storey, two storey or three storey.

- Each storey of the unit must have the same building footprint i.e. no step backs.

- A structural diaphragm is achieved at each floor level and the roof level.

- All diaphragms are considered to be flexible.

- Up to 5no. identical units can be considered to act as a single building.

- The overall building footprint should not exceed a Length to Width ratio of 4.0

1

4

6,00

2

0,16

1,35

1

D

11,9

COMPANY 

NAME

chkd

client :- 

1,6

sheet

by

date

Output

title :-         contact information:

CalculationsRef.

THIS SPREADSHEET IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, 

EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF 

MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. 

IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY 

CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT 

OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE SOFTWARE 

OR THE USE OR OTHER DEALINGS IN THE SOFTWARE

First Floor Height

Not Used, Set as 0.0m

<15 :. OKAY



THE ROW LOCK BRICK

21.0

5.5

10.0

PRECISE 
DIMENSIONS

EVENLY FIRED

10 Mpa
minimum 

COMPRESSIVE 
STRENGTH

Traditional brick

3/5 MPa

PRODUCED INDUSTRIALLY 
or SEMI-INDUSTRIALLY

EXTRUDED PERFORATED

RELIABLE 
PERFORMANCE

Smart Brick Houses 
require up to 

6-8 times less energy
for brick firing than a 
traditional brick wall

MAIN FEATURES



THE ROW LOCK BOND
cavity

30% AVERAGE LESS MATERIAL USED
25% FEWER BRICKS USED
40% LESS MORTAR USED





THE ROW LOCK BOND STRUCTURAL PRINCIPLE
Earth quake resistant properties

VERTICAL LOADS
are supported by the 

load bearing brick walls

SEISMIC LOADS 
are supported by the 
reinforced concrete 

embedded frame



THE ROW LOCK BOND STRUCTURAL PRINCIPLE
T-shape and corner reinforcement

120

120

90

150

90

150

170

420

420

4206 courses

6 courses

6 courses

5 courses

skat_
Swiss Resource Centre and

Consultancies for Development

Training and Demonstration of Cost Effective Rowlock Bond Construction System:
Model Housing Block MPAZI, Kimisagara, Nyarugenge, Kigali City

Working Drawings:  Row Lock Bond standard concrete reinforcement connection detailsSkat Consulting Rwanda Ltd. Po. Box 1017, Kigali City, Rwanda,

Phone: +250 (0) 78 838 57 90, Web: www.skat.ch/greatlakes
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RLB embedded

reinforced concrete frame

RLB masonry

T-shape reinforced concrete

connection detail

Reinforced concrete

foundation connection detail

T-shape RC frame horizontal connection detailCorner RC frame horizontal connection detail

RLB + RC embedded frame elevation

99.75

21.378.75

8.75
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16.37

10.0
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21.3716.37

8.75

10.0
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49.87

reinforcement bar

Ø12mm25.00

5.00

5.00

53.50

reinforcement bar

Ø12mm

5.00

5.00

102.15

20.00

re-bar spacer

min. distance 2cm

re-bar spacer

min. distance 2cm
2Ø12mm re-bar

2Ø12mm re-bar

2Ø12mm re-bar

2Ø12mm re-bar

2Ø12mm re-bar

embedded in ring-beam

stirrups Ø8@150mm

Foundation ring beam

dimension as per soil strength

2Ø12mm re-bar

stirrups Ø8@150mm

Horizontal connection re-bar Ø12mm

concrete

vibrated manually

concrete

vibrated manually

Vertical connection

RC column

10x8.75cm

manually vibrated

Horizontal connection

RC column

10x8.75cm

manually vibrated

Vertical connection
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10x8.75cm

manually vibrated

lintel beam
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THE ROW LOCK BOND DESIGN FLOW CHART
Sequential RLB structure design steps
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Sequential RLB structure design steps



THE RLB STRUCTURAL DESIGN GUIDANCE
Assumptions

BS EN 1990
Basis of Structural Design

BS EN 1996
Design of Masonry Structures

BS EN 1998
Design of Structures for Earthquake Resistance

List of relevant EUROCODES



THE RLB STRUCTURAL DESIGN GUIDANCE
General design rules

RECOMMENDED

OPENING
REGULARITY

OPENINGS TOO CLOSE TO
ONE ANOTHER

NOT RECOMMENDED

MISALIGNMENT BETWEEN
OPENINGS AT DIFFERENT
LEVELS

SMALLER WINDOWS
POSITIONED BELOW WIDER
WINDOWS

LESS WIDE WINDOWS
ABOVE WIDER WINDOWSGOOD ALIGNMENT

BETWEEN LEVELS

APPROPRIATE SPACING
BETWEEN ADJACENT
OPENINGS

ELEVATION ON A WALL WITHOUT OPENINGS

L-JUNCTION "COLUMN"

IF PERPENDICULAR WALL
EXISTS: 
T-JUNCTION "COLUMN"

OTHERWISE:
STRAIGHT WALL "COLUMN"

SPANDREL PANEL "BEAM"
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Training and Demonstration of Cost Effective Rowlock Bond Construction System:
Model Housing Block MPAZI, Kimisagara, Nyarugenge, Kigali City

Working Drawings:  Row Lock Bond standard concrete reinforcement connection detailsSkat Consulting Rwanda Ltd. Po. Box 1017, Kigali City, Rwanda,

Phone: +250 (0) 78 838 57 90, Web: www.skat.ch/greatlakes

Drawn by: Scale:  -
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THE RLB STRUCTURAL DESIGN GUIDANCE
General design rules

RECOMMENDED

OPENING
REGULARITY
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ONE ANOTHER
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OPENINGS AT DIFFERENT
LEVELS

SMALLER WINDOWS
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WINDOWS
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THE RLB STRUCTURAL DESIGN GUIDANCE
Minimum reinforcement

SEISMIC FORCE

RECOMMENDED

MIN REINFORCEMENT

VERTICAL REINFORCEMENT
PROVIDED AT ENDS OF WALL

PANELS ADJACENT TO
OPENINGS OR AT MAX 5000mm

CENTRES, WHICH EVER IS LESS

HORIZONTAL BARS SPACED
AT 600mm VERTICAL
CENTRES

SHADED REGION SHOWS
STANDARD SKAT RLB JUNCTION

ELEMENTS AND SPANDREL
PANELS ELEMENTS. REFER TO

DETAILS FOR REINFORCEMENT
ARRANGEMENT.

TYP 600

TYP 600

MAX 5000

SEISMIC FORCE
LOAD CASE 1

SEISMIC FORCE
LOAD CASE 2

"TIE DOWN BAR" IN END OF
WALL RESISTS TENSION

REACTION

END OF WALL IN
COMPRESSION ACTS AS A
REINFORCED MASONRY PIER

DIAGONAL STRUT DEVELOPS
WITHIN WALL PANEL AND
TRANSFERS LATERAL FORCE
TO GROUND LEVEL

HORIZONTAL
REINFORCEMENT TIES THE

BRACED BAY TOGETHER

BENDING MOMENT
AND PUSH/PULL

REACTIONS

120

120

90

150

90

150

170



THE RLB STRUCTURAL DESIGN GUIDANCE
Minimum reinforcement

120

120

90

150

90

150

170

420

420

420

SEISMIC FORCE

RECOMMENDED

MIN REINFORCEMENT

VERTICAL REINFORCEMENT
PROVIDED AT ENDS OF WALL

PANELS ADJACENT TO
OPENINGS OR AT MAX 5000mm

CENTRES, WHICH EVER IS LESS

HORIZONTAL BARS SPACED
AT 600mm VERTICAL
CENTRES

SHADED REGION SHOWS
STANDARD SKAT RLB JUNCTION

ELEMENTS AND SPANDREL
PANELS ELEMENTS. REFER TO

DETAILS FOR REINFORCEMENT
ARRANGEMENT.

TYP 600

TYP 600

MAX 5000

SEISMIC FORCE
LOAD CASE 1

SEISMIC FORCE
LOAD CASE 2

"TIE DOWN BAR" IN END OF
WALL RESISTS TENSION

REACTION

END OF WALL IN
COMPRESSION ACTS AS A
REINFORCED MASONRY PIER

DIAGONAL STRUT DEVELOPS
WITHIN WALL PANEL AND
TRANSFERS LATERAL FORCE
TO GROUND LEVEL

HORIZONTAL
REINFORCEMENT TIES THE

BRACED BAY TOGETHER

BENDING MOMENT
AND PUSH/PULL

REACTIONS



THE RLB STRUCTURAL DESIGN GUIDANCE
Other limitations



THE RLB STRUCTURAL DESIGN GUIDANCE
Seismicity and design ground acceleration  

Type 1 elastic response spectra

Type 2 elastic response spectra



THE RLB STRUCTURAL DESIGN GUIDANCE
Equivalent static force method

FOUNDING LEVEL

NOT RECOMMENDED RECOMMENDED

F1

F2

Fb =

Total Base Shear,

F2 F1 +

OK NOT OK

L

W

L

W

L
W

<4

Uniform foundation levelRectangular building footprint

Continuous lateral stability elementsAvoid re-entrant corners



THE RLB STRUCTURAL DESIGN GUIDANCE
Total base shear and force distribution

SEISMIC FORCE

RECOMMENDED

MIN REINFORCEMENT

VERTICAL REINFORCEMENT
PROVIDED AT ENDS OF WALL

PANELS ADJACENT TO
OPENINGS OR AT MAX 5000mm

CENTRES, WHICH EVER IS LESS

HORIZONTAL BARS SPACED
AT 600mm VERTICAL
CENTRES

SHADED REGION SHOWS
STANDARD SKAT RLB JUNCTION

ELEMENTS AND SPANDREL
PANELS ELEMENTS. REFER TO

DETAILS FOR REINFORCEMENT
ARRANGEMENT.

TYP 600

TYP 600

MAX 5000

SEISMIC FORCE
LOAD CASE 1

SEISMIC FORCE
LOAD CASE 2

"TIE DOWN BAR" IN END OF
WALL RESISTS TENSION

REACTION

END OF WALL IN
COMPRESSION ACTS AS A
REINFORCED MASONRY PIER

DIAGONAL STRUT DEVELOPS
WITHIN WALL PANEL AND
TRANSFERS LATERAL FORCE
TO GROUND LEVEL

HORIZONTAL
REINFORCEMENT TIES THE

BRACED BAY TOGETHER

BENDING MOMENT
AND PUSH/PULL

REACTIONS

F1

F2

Fb =

Total Base Shear,

F2 F1 +

OK NOT OK

Vertical force distribution

Horizontal force distribution

Floors load distribution



THE RLB STRUCTURAL DESIGN GUIDANCE
Vertical loads

Longitudinal vertical load 

Transverse vertical load 



THE RLB STRUCTURAL DESIGN GUIDANCE
Assumed structural systems: SHEAR WALLS

SEISMIC FORCE

RECOMMENDED

MIN REINFORCEMENT

VERTICAL REINFORCEMENT
PROVIDED AT ENDS OF WALL

PANELS ADJACENT TO
OPENINGS OR AT MAX 5000mm

CENTRES, WHICH EVER IS LESS

HORIZONTAL BARS SPACED
AT 600mm VERTICAL
CENTRES

SHADED REGION SHOWS
STANDARD SKAT RLB JUNCTION

ELEMENTS AND SPANDREL
PANELS ELEMENTS. REFER TO

DETAILS FOR REINFORCEMENT
ARRANGEMENT.

TYP 600

TYP 600

MAX 5000

SEISMIC FORCE
LOAD CASE 1

SEISMIC FORCE
LOAD CASE 2

"TIE DOWN BAR" IN END OF
WALL RESISTS TENSION

REACTION

END OF WALL IN
COMPRESSION ACTS AS A
REINFORCED MASONRY PIER

DIAGONAL STRUT DEVELOPS
WITHIN WALL PANEL AND
TRANSFERS LATERAL FORCE
TO GROUND LEVEL

HORIZONTAL
REINFORCEMENT TIES THE

BRACED BAY TOGETHER

BENDING MOMENT
AND PUSH/PULL

REACTIONS

OPENING

LPanel

OPENING

LPanel

OPENING



THE RLB STRUCTURAL DESIGN GUIDANCE
Assumed structural systems: MOMENT FRAME

L-junction plan

T-junction plan

Rectangular column plan

Spandrel panel section



THE RLB STRUCTURAL DESIGN GUIDANCE
Assumed structural systems: INTERACTION DIAGRAM

L1
M = 24.3kNm
N = 2.6kN

Falls on edge of 2no.B8s capacity
envelope :. conservatively provide
2no.B10s

L2
M = 19.1kNm
N = 40.0kN

Falls inside 2no.B8s capacity
envelope :. provide 2no.B8s

T1
M = 72.2kNm
N = 47.7kN

Falls on edge of 2no.B8s capacity
envelope :. conservatively provide
2no.B10s

T3
M = 67.6kNm
N = 53.7kN

Falls inside 2no.B8s capacity
envelope :. provide 2no.B8s

T2
M = 70.0kNm
N = 48.6kN

Falls inside 2no.B8s capacity
envelope :. provide 2no.B8s

L1
M = 24.3kNm
N = 2.6kN

Falls on edge of 2no.B8s capacity
envelope :. conservatively provide
2no.B10s

L2
M = 19.1kNm
N = 40.0kN

Falls inside 2no.B8s capacity
envelope :. provide 2no.B8s

T1
M = 72.2kNm
N = 47.7kN

Falls on edge of 2no.B8s capacity
envelope :. conservatively provide
2no.B10s

T3
M = 67.6kNm
N = 53.7kN

Falls inside 2no.B8s capacity
envelope :. provide 2no.B8s

T2
M = 70.0kNm
N = 48.6kN

Falls inside 2no.B8s capacity
envelope :. provide 2no.B8s
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More complex structures and further work



THE RLB STRUCTURAL GLOBAL ANALYSIS
Worked example



THE RLB STRUCTURAL GLOBAL ANALYSIS
The RLB calculation tool

 

1  

project :- 

Disclaimer

Spreadsheet key
Input cells to be completed by user

Instruction, must be followed

Output Cell

Introduction

Inputs

Seismic Design Paramaters

RBC / GEM ag Peak ground acceleration m/s
2

g=9.81 m/s
2

α Ratio of pga, gravity g

EC8, Fig 3.2 & 3.3 Response Spectrum Type

EC8, Table 3.1 Soil Type

Table 3.2 & 3.3 S Soil factor 

EC8, Table 4.3 γa Importance Facor 

EC8, Table 4.4 q Ductility Factor

EC8, Eqn 3.14 Sd Design seismic acceleration on plateau g

Geometry

L Unit Length m

W Unit Width m

A Area of Unit Footprint m
2

n Number of storeys

hG Ground Floor Height m 

h1 m 

h2 m 

hP Parapet Height, maximum 1m height m 

H Building Height m 

EC8, Eqn 4.6 T1 Fundamental Period s

t Select Wall Thickness mm

λwall Slenderness of wall at GF

36,0

210

2

0,29

1,0

2,5

2,5

2,5

0,275

9

SKAT RLB 

Construction 

Manual 

This calculation spreadsheet calculates the seismic force acting along each structural wall line in a 

single or group of simple housing units built with Skat Rowlock Bond Maosonry Technology.

Limitations of the spreadsheet include - Refer to Construction Manual for more information:

- The housing unit must be rectangular in plan, with no re-entrant corners.

- SKAT RLB junction elements to be continuous over height of the building.

- The unit may have a single additional transverse wall (Spine Wall) centred on the plan

- The housing unit can be single storey, two storey or three storey.

- Each storey of the unit must have the same building footprint i.e. no step backs.

- A structural diaphragm is achieved at each floor level and the roof level.

- All diaphragms are considered to be flexible.

- Up to 5no. identical units can be considered to act as a single building.

- The overall building footprint should not exceed a Length to Width ratio of 4.0

1

4

6,00

2

0,16

1,35

1

D

11,9

COMPANY 

NAME

chkd

client :- 

1,6

sheet

by

date

Output

title :-         contact information:

CalculationsRef.

THIS SPREADSHEET IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, 

EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF 

MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. 

IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY 

CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT 

OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE SOFTWARE 

OR THE USE OR OTHER DEALINGS IN THE SOFTWARE

First Floor Height

Not Used, Set as 0.0m

<15 :. OKAY

 

2  

project :- 

COMPANY 

NAME

chkd

client :- sheet

by

date

Output

title :-         contact information:

CalculationsRef.

Y/N Spine Wall Included?

N Number of Adjacent Units

Construction

1F

2F

RF

DL Timber Trusses/Joists KN/m
2

DL Maxspan Floor KN/m
2

SDL Floor Superimposed Dead Load (incl. Partitions) KN/m
2

SDL Roof Superimposed Dead Load KN/m
2

EC1, Table 6.2 LL Live loads KN/m
2

SW Masonry Walls Selfweight KN/m
2

SDL Glazing KN/m
2

Global Seismic Forces

Yw DL Seismic Contribution Factor

Yp LL Seismic Contribution Factor 

WM Vertical load of Masonry per Metre Height of Wall (all Units) kN/m

W1 Vertical load of First Floor per Unit kN/unit

W2 N/A kN/unit

WR Vertical Load of Roof per Unit kN/unit

EC8, Eqn 4.5 Fb Total Base Shear kN

z1 Height Above Ground (1F) m

z2 Height Above Ground (2F) m

zR Height Above Ground (RF) m

htrib,1 Tributary Height of Wall (1F) m

htrib,2 Tributary Height of Wall (2F) m

htrib,R Tributary Height of Wall (RF) m

m1 Seismic Weight (1F) kN

m2 Seismic Weight (2F) kN

mR Seismic Weight (RF) kN

z1.m1 Height x Seismic Weight (1F) kNm

z2.m2 Height x Seismic Weight (2F) kNm

zR.mR Height x Seismic Weight (RF) kNm

EC8, Eqn 4.11 F1 First Floor Seismic Force kN

F2 Second Floor Seismic Force kN

FR Roof Sesimic Force kN

Seismic Forces on Each Wall

Longitudinal Walls

NL Number of Longitudinal Walls

FL,E,1 Force acting on End Walls at First Floor kN

FL,E,2 Force acting on End Walls at Second Floor kN

FL,E,R Force acting on End Walls at Roof kN

FL,D,1 Force acting on Dividing Walls at First Floor kN

FL,D,2 Force acting on Dividing Walls at Second Floor kN

FL,D,R Force acting on Dividing Walls at Roof kN

Transverse Walls

NT Number of Transverse Walls

FT,F/B,1 Force acting on Front/Back Elevation Walls at 1st Floor per unit kN/unit

FT,F/B,2 Force acting on Front/Back Elevation Walls at 2nd Floor per unit kN/unit

EC0 6.4.3.4, 

Table A1.1

2,60

0,40

2

MaxSpan Slab

N/A

Timber Trusses/Joists

0,40

Select Roof Construction

Yes

20,3

81

2,63

0,20

152

N/A

0,15

233

1459

1,50

1,0

0,3

22

2,50

N/A

5,00

134

124

N/A

345

N/A

776

Select Floor Construction

Set as N/A

2,50

N/A

2,25

584

N/A

3

38,1

N/A

N/A

19,0

76,2

40,5

3

N/A



THE RLB STRUCTURAL DESIGN GUIDANCE
Resources website

www.madeingreatlakes.com
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