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Receive SD plans and elevations
from the Architect

.

Confirm that the building footprint is
rectangular and meets the dimensional
requirements set out in this Guidance

Document

Complete Global
Analysis spreadsheet

to establish seismic
forces at each level

'

Inspect an Elevation of one of the walls

'

Does the longest
wall at GF on this
elevation meet the

minimum length
required to perform

as a shear wall?

l yes

Complete Shear Wall
Analysis spreadsheet
by inputting dimensions

of the wall and the
horizontal forces
calculated at each level
from the Global
Analysis spreadsheet

l

Implement one or more of

the following measures: no Does the shear
- Increase wall length -~ wall pass all of the
- Increase rebar size checks?

- Increase wall thickness

{ yes

no Have all walls been

checked?

l yes

Was the wall
thickness
increased at any

point since the
latest use of the
Global Analysis

spreadsheet?

Decide on floor and roof structural

———— > preference for each level (MaxSpan or

Timber)

Reduce opening widths in the wall until
the minimum length of shear wall has

-

-—

been achieved

Model a 2D moment frame in a suitable
structural analysis software following the
rules provided in the Guidance
Document and analyse for the forces
calculated from the Global Analysis
spreadsheet

Compare the forces
found in each of the
members at ground

floor level with the - Assume 27.5cm Thick Members
Interaction Diagrams
for the relevant member f yes
type

Is it possible to
increase from a
21cm wall to a

27.5cm wall
? yes
Do the forces in
each members fall no Is the design
within the envelope —_— assuming a 21cm
of the interaction wall?
diagram?
yes

Take note of the required rebar size in
each element

Structural design of the wall system
is complete.

no

no
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THE ROW LOCK BOND SYSTEM

1 The RLB Structural Principle
2 The Design Flow Chart

3 The structural Design Guidance

4 The worked example

5 The RLB calculation tool

RBC / GEM
g =9.81mis*
EC8, Table 3.1
EC8, Table 4.3

EC8, Table 4.4

ECB, Eqn 3.14

GLOBAL ANALYSIS - WORKED EXAMPLE

This worked example is basad on the design of the existing SKAT Rowleck Bond
housing located at Mpazi. , Nyabagoge, Kigali, Rwand

Seismic Design Parameters
Awanda is considered a region of moderate seismicity given it's location adjacent 1o
the East African Rift System. The g seismi ters are considerad

appropriate for the site based on the Rwanda Building Code, Global Eanhguake Model
(GEM) and the requirements and values set out in Eurocode 8 (where Response
Spectra Type 1 is assumed for the purposes of this design).

Peak Ground Accekation (PGA) a, =16 ms'
Ratio of PGA to Gravity «=a,/g=0.16g
Soil Factor - Assume Spectrum Type 1, Seil Type C S$=1.15
Importance Factor - Assume Importance Class Il Y:=10
Ductiity Factor - Reinforced Masonry q=20
Design Seismic Acceleration Sd=25« SYy./q=0.234g
Building Geometry

The units are rectangular in plan and the feotprint of an individual unit is 4.5m x 6.5m
and there are four units cled in a single . 210mm thick ALB structural

walls exist on the 4 sides of each unit, and there is no spine wall. The units are
2storeys tall and each storey has a different height. The masonry walls extend above
roof level to form a parapet around each individual rool.

THE B MILLICN HOUSE




THE ROW LOCK BOND SYSTEM

1 The RLB Structural Principle
2 The Design Flow Chart

3 The structural Design Guidance

4 The worked example

5 The RLB calculation tool

RBC / GEM
9=9.81 m/s®

EC8, Fig3.2&33
EC8, Table 3.1
Table3.2&3.3
EC8, Table 4.3
EC8, Table 4.4
EC8, Eqn3.14

SKAT RLB

Construction
Manual

EC8, Eqn 4.6

Spreadsheet key
Input cells to be completed by user
Instruction, must be followed
Output Cell

Introduction
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

Inputs
Seismic Design Paramaters
ag Peak ground acceleration
a Ratio of pga, gravity
Response Spectrum Type
Soil Type
S Soil factor
ya Importance Facor
q Ductility Factor
Sd Design seismic acceleration on plateau
Geometry
L Unit Length
w Unit Width
A Area of Unit Footprint 36,0 m?
h,
h
number of
h, storeys,
n
(upto3)
h
n Number of storeys 2)
he Ground Floor Height 2,5|m
hy First Floor Height 2,5|m
hy Not Used, Set as 0.0m 2,5|m
he Parapet Height, maximum 1m height 1,0lm
H Building Height 6,00 m
T1 Fundamental Period 0,29 s




THE ROW LOCK BRICK
MAIN FEATURES PRODUCED INDUSTRIALLY

or SEMI-INDUSTRIALLY

EXTRUDED PERFORATED
PRECISE EVENLY FIRED
DIMENSIONS
RELIABLE
PERFORMANCE
10 Mpa
minimum Smart Brick Houses
STRENGTH

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

Traditional brick

3/5 MPa




30% averace LESS MATERIAL USED
THE ROW LOCK BON D 25% FEWER BRICKS USED

cavity 40% LESS MORTAR USED
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THEROW LOCK BOND STRUCTURAL PRINCIPLE
Farth guake resistant properties

VERTICAL LOADS
are supported by the
load bearing brick walls

SEISMIC LOADS
are supported by the
reinforced concrete
embedded frame
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THE ROW LOCK BOND DESIGN FLOW CHART
LB structure design steps

sSequentia

Receive SD plans and elevations
from the Architect

.

Confirm that the building footprint is
rectangular and meets the dimensional
requirements set out in this Guidance
Document

Complete Global
Analysis spreadsheet

to establish seismic
forces at each level

:

Inspect an Elevation of one of the walls

'

Does the longest
wall at GF on this
elevation meet the

minimum length
required to perform

as a shear wall?

l yes

Complete Shear Wall
Analysis spreadsheet
by inputting dimensions
of the wall and the
horizontal forces
calculated at each level
from the Global
Analysis spreadsheet

l

Implement one or more of

the following measures: no Does the shear
- Increase wall length — wall pass all of the
- Increase rebar size checks?

- Increase wall thickness

l yes

no Have all walls been

checked?

l yes

Was the wall
thickness
yes increased at any

point since the
latest use of the
Global Analysis

spreadsheet?

Decide on floor and roof structural
— > preference for each level (MaxSpan or
Timber)

Reduce opening widths in the wall until
the minimum length of shear wall has
been achieved

Model a 2D moment frame in a suitable
structural analysis software following the

no rules provided in the Guidance
Document and analyse for the forces
calculated from the Global Analysis
spreadsheet
Compare the forces
found in each of the
members at ground
floor level with the D — Assume 27.5cm Thick Members
Interaction Diagrams
for the relevant member f yes
type
Is it possible to
increase from a
21cm wall to a
27.5cm wall
? yes
Do the forces in
each members fall no Is the design
within the envelope —_— assuming a 21cm
of the interaction wall?
diagram?
yes
- Take note of the required rebar size in
each element
no Structural design of the wall system

is complete.

no

no




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

Receive SD plans and elevations
from the Architect

:

Confirm that the building footprint is
rectangular and meets the dimensional
requirements set out in this Guidance

Document

Decide on floor and roof structural
> preference for each level (MaxSpan or
Timber)

Complete Global
Analysis spreadsheet
to establish seismic
forces at each level

A



THE ROW LOCK BOND DESIGN FLOW CHART

Sequential RLB structure design steps

Implement one or more of
the following measures:

no
- Increase wall length -
- Increase rebar size
- Increase wall thickness
no
yes

l

Does the shear
wall pass all of the
checks?

l yes

Have all walls been

checked?

l yes

Was the wall
thickness
increased at any no

 /

point since the
latest use of the
Global Analysis

spreadsheet?

Do the forces in
each members fall
within the envelope

of the interaction

diagram?

yes

Take note of the required rebar size in
each element

Structural design of the wall system
is complete.



tHE RLB STRUCTURAL DESIGN GUIDANCE
Assumptions

List of relevant EUROCODES




THE RLB STRUCTURAL DESIGN GUIDANCE

General design rules

I SPANDREL PANEL "BEAM"
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N
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N 9
N
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N N g \
N N
N N
N
N N
N NELEERN

IF PERPENDICULAR WALL
EXISTS:
T-JUNCTION "COLUMN"

OTHERWISE:
STRAIGHT WALL "COLUMN"

ELEVATION ON A WALL WITHOUT OPENINGS

[} —F——
f 1
lintel beam 5 courses :
vertical reinf. % :
6 courses !
horizontal reinf. J’\ |
6 courses :
__foundation i |
ring beam 6 courses '
+ i
N




THERLB STRUCTURAL DESIGN GUIDANCE
General design rules

GOOD ALIGNMENT

BETWEEN LEVELS

APPROPRIATE SPACING

BETWEEN ADJACENT
OPENINGS

SMALLER WINDOWS

POSITIONED BELOW WIDER
WINDOWS

RECOMMENDED

LESS WIDE WINDOWS
ABOVE WIDER WINDOWS

OPENINGS TOO CLOSE TO
ONE ANOTHER

MISALIGNMENT BETWEEN
OPENINGS AT DIFFERENT
LEVELS

NOT RECOMMENDED
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THE RLB STRUCTURAL DESIGN GUIDANCE

Minimum reinforcement
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THERLB STRUCTURAL DESIGN GUIDANCE
Minimum reinforcement

L

SHADED REGION SHOWS - )'N - .\:\. - }Ik -y = .\..,R

STANDARD SKAT RLB JUNCTION

ELEMENTS AND SPANDREL \l TYP 600
PANELS ELEMENTS. REFER TO < 1 ] —=
DETAILS FOR REINFORCEMENT i
ARRANGEMENT. \

HORIZONTAL BARS SPACED

I |
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i | |
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i h I CENTRES
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THE RLB STRUCTURAL DESIGN GUIDANCE

Other limitations

Number of adjacent
units, N (up to 5)

V



THERLB STRUCTURAL DESIGN GUIDANCE
Seismicity and design ground acceleration
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THE RLB STRUCTURAL DESIGN GUIDANCE
Equivalent static force method

¥
EEEEEEEEEEEEEEEEEEEEEEEEE
bt
Rectangular building footprint Uniform foundation level
A —_—
i i
< Re enb
OK NOT OK

Avoid re-entrant corners Continuous lateral stability elements



THERLB STRUCTURAL DESIGN GUIDANCE
Total base shear and force distribution

Front Walls
Vertical force distribution F- Floors load distribution SNE _—\f‘_.!_= r.f“,.—‘@iiﬁir‘l o
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Horizontal force distribution
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THERLB STRUCTURAL DESIGN GUIDANCE
Vertical loads

Longitudinal vertical load

Vertical load
tributary area,
Dividing Walls

Vertical load

tributary area,
Dividing Walls

Vertical load

tributary area,
End Walls

Transverse vertical load

Vertical load
tributary area,
Dividing Walls

Vertical load
tributary area,
End Walls

Vertical load
tributary area,
Front Walls

Vertical load
tributary area,
Spine Walls
(if used)

Vertical load
tributary area,
Back Walls



THE RLB STRUCTURAL DESIGN GUIDANCE

Assumed structural systems: SHEAR WALLS
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END OF WALL IN
COMPRESSION ACTS AS A
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OPENING
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THE RLB STRUCTURAL DESIGN GUIDANCE
Assumed structural systems: MOMENT FRAME

Il g

Ils;

=
sisl_ =

n
=
>
Q
=8
>3
ie]
S}
>3
::*
.
é NN
N
3

[E = o]ale s slol= e elale & =)= & o] Spandrel panel section
D‘EIEI DEIEIEI‘D EIEI‘D

Rectangular column plan

0 0
0 0
D.D
of(o||o
lo}[o][o]
of(o||o
D.D
(R S
0 0
u
ul
@




ARIAL FORCE, N (KN)
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THE RLB STRUCTURAL DESIGN GUIDANCE
Assumed structural systems: INTERACTION DIAGRAM

-200

210 THICK WALL : 'L"-JUNCTION COLUMN

2N0.B10 —— 2No.B8

2No.B12

concrete
vibrated manually

re-bar spacer.
min, distance 2cm
Y 3
8.75 —_ 8.75
e 1637 21.37 i1
! |
o ojo o olinllol
0 LR 100
0 oo o & oolofjo]
L2
M =19.1kNm
N = 40.0kN
Falls inside 2no.B8s capacity
envelope :. provide 2no.B8s
Falls on edge of 2no.B8s capacity
envelope :. conservatively provide
2n0.B10s
b 20 60 70
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-1200
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THE RLB STRUCTURAL GLOBAL ANALYSIS
Worked example

GLOBAL ANALYSIS - WORKED EXAMPLE

This worked example is based on the design of the existing SKAT Rowleck Bond
housing located at Mpazi , Nyabagoge, Kigall, Rwanda.

Salamic DHH-EI'I Pararmelars g
Feanda is considensd a region ol modarale saismicty given i's ocation adgacent 1o o
the East Arican Rilt Systam_ The follewing seismic parametars are consisarsd T
apprapriate lorf the site based on the Awanda Bullding Cade, Global Earhguake Madsl .
(GEM] and e reguiraments and valbes el aul it Eurccods 8 (whare Aesponss —~
Spectra Type 1 (s assumed lor the purpases af this design). (&)
=
RAC { GEM Peak Graund Accelation (PGA) &, = 1.6 ms =
g=98imis’  Fatio of PGA ta Gravity o =a,/g=016g ul
ECH, Table 3.1 Sol Factor - Assume Spectrum Type 1, Soil Typs C 5=115 a-:
ECH, Talle 4.3  Impartance Factor - Assume Imporiance Class || v.=1.0
ECS, Table 4.4 puctilty Facior - Aeinlomced Masanry g=2.0
ECE, Eqn3.14  Design Seismic Accaleration Sd=25m S, /q=0234g
Building Geametry

The wnits are rectangular in plan and the featgrint af an ndivideal unil is 4.5m % 6.5m
and thers ars faur URls consiruclad in & singls lerraca. 210mm thick ALE structural
wills axisl an the 4 sides of aach und, and thers & o Epll'lt&'ﬂ-ﬂ. The units are
Zatoreys 1all and each slorey has a diferent heighl. The masanry walls extend above
raod leval b form & parapet arcund each individual fal.




THERLB STRUCTURAL GLOBAL ANALYSIS
The RLB calculation too

COMPANY client - sheet
NAME project - by
date
contact information: title -
chkd
Ref. Calculations Output
Disclaimer
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
Spreadsheet key
input cells to be completed by user
Instruction, must be followed
Output Cell
Introduction
This calculation spreadsheet calculates the seismic force acting along each structural wall line ina
single or group of simple housing units buit 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 adtional 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.
- Astructural diaphragm is achieved at each floor level and the roof level
- All diaphragms are considered to be flexible.
- Upto 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
Inputs
Seismic Design Paramaters
RBC/GEM ag Peak ground acceleration
g=9.81mis’ a Ratio of pga, gravity
EC8,Fig32&33 Response Spectrum Type
ECB8, Table3.1 Soil Type
Table32&33 s Soil factor
EC8, Table 4.3 va Importance Facor
EC8, Table 4.4 q Ductilty Factor
EC8,Eqn314 sd Design seismic acceleration on plateau
SKAT RLB Geometry
Construction L Unit Length
Manual w Unit Width
A Area of Unit Footprint
he
h
number of
b, | storeys,
n
(vpto3)
n

Ref. Calculations Output
YIN Spine Wall Included?
N Number of Adjacent Units
Construction
1F Select Floor Construction
2F Setas N/A
RF Select Roof Construction
DL Timber Trusses/Joists
DL Maxspan Floor
SDL Floor Superimposed Dead Load (incl. Partitions)
SDL Roof Superimposed Dead Load
EC1, Table 6.2 L Live loads
sw Masonry Walls Selfweight
SDL Glazing
Global Seismic Forces
Yw DL Seismic Contribution Factor
EC06434, Yp LL Seismic Contribution Factor
Table AL1
Wi Vertical load of Masonry per Metre Height of Wall (all Units) 134 kN/m
Wiy Vertical load of First Floor per Unit 124 kN/unit
W N/A N/A kN/unit
We Vertical Load of Roof per Unit 22 kN/unit
ECS8, Eqn4.5 Fy Total Base Shear 233 kN
Fa ¥ 0
—y ¥ = 3
] n
3 S |n,
—
1 h
F S In
» E
o h
Ly ot Base shear
z; Height Above Ground (1F) 250 m
z Height Above Ground (2F) N/Am
z Height Above Ground (RF) 500m
hebs Tributary Height of Wall (1F) 250 m
hebz Tributary Height of Wall (2F) N/Am
hoon Tributary Height of Wall (RF) 225m
my Seismic Weight (1F) 584 kN
m, Seismic Weight (2F) NIA KN
me Seismic Weight (RF) 345 kN
2.m; Height x Seismic Weight (1F) 1459 KNm
zm, Height x Seismic Weight (2F) N/A KNm
zems  Heightx Seismic Weight (RF) 776 kKNm
EC8, Eqn4.11 Fy First Floor Seismic Force 152 kN
F ‘Second Floor Seismic Force NIA KN
Fr Roof Sesimic Force 81kN




THERLB STRUCTURAL DESIGN GUIDANCE
Resources website

www.madeingreatlakes.com

Schweizerische Eidgenossensc haft Swiss Resource Centre and
OV ERCTEAN Sl s at Consultancies for Development
onfederazione Svizzera O
T
55 Agency for Development P Ro Ec co PROmoting Employment through
and Cooperation SDC Climate Responsive COnstruction
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