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SECTION 1


1.  INTRODUCTION

1.1  Scope
1.1.1  This manual deals with the structural design parameters of shear wall system utilizing the Sterling PLASWALL permanent formwork.
1.1.2  For the purpose of this manual, reinforced concrete shear wall structures are the main emphasis conforming to ACI 318M:2005, BS 3110-1:1997, NSCP 2001, IS 456:2000, and IS 13920:1993.
1.1.3  Load analysis of the whole structure must conform to the recognized national Structural code & standards of the country where the project is to be constructed.
2.  REFERENCES
2.1  Load Analysis:

2.1.1  Philippine / SE Asia / Pacific Region

NSCP 2001 -  National Structural Code of the Philippines

UBC 1997   -  Uniform Building Code
2.1.2  Middle East / British Territories

BS 6399
    -  Loadings for Buildings

IBC 2003   -  Seismic Analysis
2.2  Post analysis – Concrete Design
2.2.1  Philippine / SE Asia / Pacific Region

NSCP 2001 -  National Structural Code of the Philippines

ACI 318M 2005- American Concrete Institute Code

2.2.2  Middle East / British Territories

BS 8110-1:1997
     -  British Standard Concrete Code.

3.  PRODUCT DESCRIPTION

3.1  PLASWALL Panel
3.1.1  Is a pre-manufactured panel basically a permanent shear wall formwork with punched plastic spacers between two fiber cement sheets.
3.1.2  If needed, additional load capacity can be obtained by providing additional reinforcing bars and/or increasing the grade of the concrete as per discretion of the Structural Design Engineer.
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I. Types of Wall Construction:
1 FIXED joint above to floor, PINNED joint below to floor slab.
2 PINNED joint above to floor, PINNED joint below to floor slab.

il Tl
L

Case 1 Case 2

USE MOMENT MAGNIFICATION FACTOR :
Check for slenderness ratio :

KLu/r <=34-12(M1/M2) Fig.410-8, 410.13.2 NSCP 2001
34 -12 (M1 /M2) > 40

K = 1 410.13.1 NSCP 2001
r = 0.30 bw 410.12.2 NSCP 2001
Mc = &ns M2 Fig. 410-9, 410.13.3 NSCP 2001
M2min = Pu(15 +0.03 h) Fig. 410-15, 410.13.3.2 NSCP 2001
Cm = 1.00 410.13.3.1 NSCP 2001
Bd = factored Sustain Load over the Total Factored Load
(Ec lg/5) + Es Ise
El =- Fig. 410-12, 410.13.3 NSCP 2001
1+ Bd
Cm
&Ns = - >=1 Fig. 410-10, 410.13.3 NSCP 2001
1 - Pu/0.75 Pc
CRITICAL LOAD LIMIT :
PI"2 EI
PC =~ Fig. 410-11, 410.13.3 NSCP 2001
(Klu)*2
Pu=0.70 Pc 409.4.2.2 NSCP 2001

DETERMINE ALLOWABLE TRAVERSE BENDING:
AsFy =0.85fc'ab

Mu = 0.90 As Fy (d - a/2)
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. Mode of Failure:

1 In-Plane Shear Capacity of Wall.

2 Shear Capacity of Starter bars considering the grade of concrete.

3 lIrrelevant Analysis.
Il.  Important Parameter:
max Vc = 0.17 (fc')*0.5 bw d
d= 0.8 Lw

1 Mode of Failure #1 :

(11.10.5 ACI 318M:2005)

(11.10.4 ACI 318M:2005)

Max. Lateral Load (KN/m)

F 3

1.1 Considering Nominal reinforcement:
Units in KN horizontal direction.

fcu FOR lo = 2700mm
Wall 20 Mpa 25 Mpa 30 Mpa
Thk (mm) KN/m KN/m KN/m
100 164.22 183.60 201.12
125 205.27 229.50 251.40 VALUES TO BE COMPARED
150 246.33 275.40 301.69 WITH STARTER BARS
200 328.43 367.20 402.25





3.2 [image: image5.png]2 Mode of Failure #2 :
\ Max. Lateral Load (KN/m)

Allow. Shear of 1 bar = 0.45 Fy Ab1

Max. Lateral Load (KN/m) Allow Shear of 1 bar + Wall-Slab Concrete friction

FOR lo = 2700mm | fy =413 Mpa
Wall Starter Bars
Thk (mm) 10mm @ 300 | 12mm @ 300 | 12mm @ 600
Single 48.66 KN/m 70.06 KN/m 35.03 KN/m
Double 97.31  KN/m 140.13 KN/m 70.06 KN/m

SUMMARY OF MAXIMUM LATERAL LOAD

Parameters :
1) 12mm starter bars @ 300mm O.C.
2) Steel Grade, fy =413 Mpa

SUMMARY FOR lo = 2700mm
Wall 20 Mpa 25 Mpa | 30 Mpa
Thk (mm) KN/m KN/m KN/m
100 70.06 70.06 70.06
125 70.06 70.06 70.06
150 70.06 70.06 70.06
200 140.13 140.13 140.13




Panel Dimension:
3.2.1  Commercial Thickness

109mm
159mm

112mm
162mm

134mm
209mm
137mm
212mm
3.2.2   Standard Height
2440mm to 3660mm – Be sure to verify desired PLASWALL height as per respective country location of the project.
3.3   Structural Concrete Fill
As per Structural Design specification and/or as per project site governing Structural Code but minimum of 20Mpa and maximum of 30 MPa compressive strength.
3.4  Reinforcement
3.4.1  Deformed bar Yielding Strength (fy):
3.4.1.1  Philippines / SE Asia / Pacific Region
Grade 33 -
227Mpa

Grade 40 -
276Mpa

Grade 60 -
413Mpa

3.4.1.2  Middle East / British Territories

Fe415 Mpa

Fe460 Mpa


Fe500 Mpa

Fe550 Mpa

3.4.2  Maximum Size & spacing
Global parameter
Max. size

:
8 x thickness
Minimum size

:
10mm
Maximum Spacing 
:
3 x thickness

<=  450mm
Steel Ratio

:
0.0025 – 0.01
4.  AXIAL LOAD CAPACITY
4.1  NSCP 2001 Parameter:
[image: image6.png]Design Axial Load (KN/m)

CASE-2 DESIGN AXIAL LOAD CHART fck =20 MPz

Unsupported Height (M)
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CASE-2 DESIGN AXIAL LOAD CHART fck =25 MPa

Unsupported Height (M)
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CASE-2 DESIGN AXIAL LOAD CHART fck = 30 MPa
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. Types of Wall Construction:
1 FIXED joint above to floor, PINNED joint below to floor slab.
2 PINNED joint above to floor, PINNED joint below to floor slab.

-

L i

Case 1 Case 2

USE MOMENT MAGNIFICATION FACTOR :

Check for slenderness ratio :

KLu/r <=34-12 (M1/M2) 10.12.2 ACI 318M-2005

34-12 (M1/M2) > 40
K= 1 10.12 ACI 318M-2005
r = 0.30 bw 10.11.2 ACI 318M-2005
Mc = &ns M2 Fig. 10-8, 10.12.3 ACI 318M-2005
M2min = Pu(15 + 0.03 h ) Fig. 10-14, 10.12.3.2 ACI 318M-2005
Cm= 100 10.12.3.1 ACI 318M-2005

Bd = factored Sustain Load over the Total Factored Load

(Ec 1g/5) + Es Ise

o Fig. 10-21, 10.16.5 ACI 318M-2005
1+ Bd
Cm Fig. 10-9, 10.12.3 ACI 318M-2005
&Ns = e >=1
1 - Pu/0.75 Pc

CRITICAL LOAD LIMIT :

PI"2 EI

Pc = Fig. 10-10, 10.12.3 ACI 318M-2005
(Kluyr2

Pu = 0.65 Pc (b) 9.3.2.2 ACI 318M-2005

DETERMINE ALLOWABLE TRAVERSE BENDING:
AsFy =085fc'ab

Mu = 0.90 As Fy (d - a/2)
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I. Types of Wall Construction:
1 FIXED joint above to floor, PINNED joint below to floor slab.
2 PINNED joint above to floor, PINNED joint below to floor slab.

il Tl
- -

Case 1 Case 2

1l. Applicable Formula:

Nw= 03 (h-1.2ex-2ea)fcu (eq. 44, 3.9.4.15,Section 3, BS 8110-1:1987)

= thickness of the Shear Wall
ex = h/20  minimum  Case 2 (3.9.4.15, Section 3, BS 8110-1:1987)
slab "t"/3  discontinuous slab above
0.05t  continuous slab above ( Center of Wall)

ea= |e*2/2500h (3.9.4.16, Section 3, BS 8110-1:1987)
lo= unsupported height of the shear wall
le= 0.75lo restrained against rotation both ends (3.9.4.3, Section 3,
le= lo pinned support at ends only BS 8110-1:1987)
fcu=  Concrete compressive grade (Mpa)

Ill. PLASWALL Reinforcement Percentage (Vertical & Horizontal):

As per 3.9.4.19 Section 3, BS 3110-1:1997 steel grade fy = 460 Mpa and above.

10mm 12mm 2-10mm
Net @300mm | @300mm | @300mm
thk % % %
100 0.26 - -
125 - 0.30 -
150 - 0.25 -
200 - - 0.26

As per 3.9.4.19 Section 3, BS 3110-1:1997 steel grade fy = 250 Mpa

10mm 10mm 12mm 12mm 2-12mm
Net @300mm | @200mm | @300mm | @200mm | @300mm
thk % % % % %
100 0.39 0.38
125 0.31 0.30
150 0.38
200 0.38





4.2  ACI 318M 2005 Parameter
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CASE-2 DESIGN AXIAL LOAD CHART fcu =20 MP:

Unsupported Height (M)
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CASE-2 DESIGN AXIAL LOAD CHART fcu =25 MPa
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CASE-2 DESIGN AXIAL LOAD CHART fcu = 30 MPa
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3.1) Racking resistance of Shear wall.
Max. Lateral Load (KN/m)

ITI I*_I
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3.1.1) Why this is irrelevant computation?
a) Before the wall will be tilted to create Tension to the starter bars, the structure
is already damaged.
b) Starter bars are intended for in-plane lateral load, not as tension bars.

3.2) Over-turning Capacity of Walls.
a) 3.9.2.2 Section 3, BS 8110-1:1997 Overall stability of multi-storey buildings
" The overall stability of multi-storey buildings should not in any direction, depend
on unbraced walls alone."
b) With reference to the above code, at a cetain height of the multi-storey structure that
ground floor walls, start having tention axial loads due to Seismic forces, Integration of
Columns are needed to a shear wall system to conform this code.




4.3  BS  8110-2:2005 Parameter
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CASE-2 DESIGN AXIAL LOAD CHART fck =20 MPa
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CASE-2 DESIGN AXIAL LOAD CHART fck =25 MPa
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CASE-2 DESIGN AXIAL LOAD CHART fck = 30 MPa
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Mode of Failure:

1 In-Plane Shear Capacity of Wall.
2 Shear Capacity of Starter bars considering the grade of concrete.
3 lIrrelevant Analysis.

1 Mode of Failure # 1 :

Max. Lateral Load (KN/m)

N

A As per 3.9.4.18, Section 3, BS 8110-1:1997, "The design shear resistance of plain
walls need not to be checked if one of the following conditions is satisfied.

a)
b.)
c)

Vh < Nw/4
vh < 0.45 Mpa for fcu => 25 Mpa
vh <0.3 Mpa forfcu < 25 Mpa

1.1 Maximum Shear Capacity as per 3.9.4.18, Section 3, BS 8110-1:1997 condition:
Units in KN horizontal direction.

fcu FOR lo = 2700mm
Wall 20 Mpa 25 Mpa 30 Mpa
Thk (mm) KN/m KN/m KN/m
100 53.52 66.90 80.28
125 106.27 132.83 159.40 VALUES TO BE COMPARED
150 153.18 191.48 229.77 WITH STARTER BARS
200 238.26 297.83 357.39

2 Mode of Failure # 2 :

Max. Lateral Load (KN/m)

Allow. Shear of 1 bar = 0.45 Fy Ab1

Max. Lateral Load (KN/m)

Allow Shear of 1 bar + Wall-Slab Concrete friction




[image: image19.png]FOR lo = 2700mm | fy = 460 Mpa
Wall Starter Bars
Thk (mm) 10mm @ 300 12mm @ 300 12mm @ 600
Single 5419 KN/m 78.04 KN/m 39.02 KN/m
Double 108.38  KN/m 156.07  KN/m 78.04 KN/m

SUMMARY OF MAXIMUM LATERAL LOAD

Parameters :
1) 12mm starter bars @ 300mm O.C.
2) Steel Grade, fy = 460 Mpa

SUMMARY FOR lo = 2700mm
Wall 20 Mpa 25 Mpa 30 Mpa
Thk (mm) KN/m KN/m KN/m
100 53.52 66.90 78.04
125 78.04 78.04 78.04
150 78.04 78.04 78.04
200 156.07 156.07 156.07

3 IRRELEVANT ANALYSIS:
3.1) Racking resistance of Shear wall.

Max. Lateral Load (KN/m)

I T I

(o]

3.1.1) Why this is irrelevant computation?

a) Before the wall will be tilted to create Tension to the starter bars, the structure
is already damaged.
b) Starter bars are intended for in-plane lateral load, not as tension bars.

3.2) Over-turning Capacity of Walls.

a) 3.9.2.2 Section 3, BS 8110-1:1997 Overall stability of multi-storey buildings

" The overall stability of multi-storey buildings should not in any direction, depend
on unbraced walls alone."
With reference to the above code, at a cetain height of the multi-storey structure that
ground floor walls, start having tention axial loads due to Seismic forces, Integration of
Columns are needed to a shear wall system to conform this code.

b)




4.4  IS 456 : 2000  Parameter
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. Types of Wall Construction:
1 FIXED joint above to floor, PINNED joint below to floor slab.
2 PINNED joint above to floor, PINNED joint below to floor slab.

=

Case 1 Case 2
Working Formula:

Puw= 0.3 (t-1.2e-2ea)fck (32.2.5 1S 456 : 2000)

where:

(32.2.2 1S 456 : 2000)
t= thickness of the Shear Wall minimum Case 2

e= 0.05t discontinuous slab above
slab "t"/3 continuous slab above ( Center of Wall)
0.05t

ea= H"2/2500t
(32.2.4 IS 456 :2000)
Hw = unsupported height of the sl restrained against rotation both ends

H= .75Hw not restrained against rotation
1.0 Hw

fck = Concrete compressive grade (Mpa)
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CASE-2 DESIGN AXIAL LOAD CHART fck =20 MPa
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CASE-2 DESIGN AXIAL LOAD CHART fck = 30 MPa
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I. - Mode of Failure:

1
2
3

In-Plane Shear Capacity of Wall.
Shear Capacity of Starter bars considering the grade of concrete.
Irrelevant Analysis.

Il Important Parameters:

1

2

1.1

In-plane bending may be neglected in case a horizontal of wall is always under
compression due to combined effect horizontal and vertical loads. (32.3.11S 456 : 2000)
Horizontal forces perpendicular to the walls with axial load less than 0.04 fck Ag
shall be designed as slabs. (32.3.21S 456 : 2000)

Mode of Failure # 1 :

Max. Lateral Load (KN/m)

Design of Horizontal Shear (32.4 1S 456 : 2000)

1) Nominal Shear Stress Tvw =Vu/td (32.4.21S 456 : 2000)
where : d= 0.8 Lw

2) Under no circumstances Tvw > 0.17 fck (32.4.2.1 1S 456 : 2000)

3)  Tew=0.045 (fck)"0.5 (Hw/Lw + 1) / (HwiLw - 1) (32.4.3 1S 456 : 2000)

Under no circumstances Tcw > 0.15 (fck)*0.5

Considering Nominal reinforcement:
Units in KN horizontal direction.

feu FOR lo = 2700mm
Wall 20 Mpa 25Mpa | 30 Mpa
Thk (mm) KN/m KN/m KN/m

100 53.52 66.90 80.28
125 106.27 132.83 151.48 VALUES TO BE COMPARED
150 148.78 191.48 216.33 WITH STARTER BARS

200 231.54 297.83 342.00

Mode of Failure # 2 :

Max. Lateral Load (KN/m)
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FOR lo = 2700mm [

fy = 413 Mpa

Wall Starter Bars
Thk (mm) 10mm @ 300 [ 12mm @ 300 [ 12mm @ 600
Single 26.74 KN/m 38.51 KN/m 19.25 KN/m
Double 53.49  KN/m 77.02  KN/m 38.51 KN/m

SUMMARY OF MAXIMUM LATERAL LOAD

Parameters :

1) 12mm starter bars @ 300mm O.C.
2) Steel Grade, fy = 227 Mpa (A-33)

SUMMARY FOR lo = 2700mm

Wall 20 Mpa 25 Mpa | 30 Mpa

Thk (mm) KN/m KN/m KN/m
100 38.51 38.51 38.51
125 38.51 38.51 38.51
150 38.51 38.51 38.51
200 77.02 77.02 77.02

IRRELEVANT ANALYSIS:

3.1) Racking resistance of Shear wall.

Max. Lateral Load (KN/m)

1

c

3.1.1) Why this is irrelevant computation?
a) Before the wall will be tilted to create Tension to the starter bars, the structure

is already damaged.

b) Starter bars are intended for in-plane lateral load, not as tension bars.

3.2) Over-turning Capacity of Walls.

a) 3.9.2.2 Section 3, BS 8110-1:1997 Overall stability of multi-storey buildings
" The overall stability of multi-storey buildings should not in any direction, depend
on unbraced walls alone."
b) With reference to the above code, at a cetain height of the multi-storey structure that
ground floor walls, start having tention axial loads due to Seismic forces, Integration of
Columns are needed to a shear wall system to conform this code.




5  LATERAL LOAD CAPACITY

5.1  Lateral Load Capacity - NSCP 2001
[image: image24.png]Allow. Shear of 1 bar = 0.45 Fy Ab1

Max. Lateral Load (KN/m) = Allow Shear of 1 bar + Wall-Slab Concrete friction
FOR lo = 2700mm | fy = 460 Mpa
Wall Starter Bars
Thk (mm) 10mm @ 300 I 12mm @ 300 [ 12mm @ 600
Single 5419 KN/m 78.04 KN/m 39.02 KN/m
Double 108.38  KN/m 156.07  KN/m 78.04 KN/m

SUMMARY OF MAXIMUM LATERAL LOAD

Parameters :
1) 12mm starter bars @ 300mm O.C.
2) Steel Grade, fy = 460 Mpa

SUMMARY FOR lo = 2700mm
Wall 20 Mpa 25 Mpa | 30 Mpa
Thk (mm) KN/m KN/m KN/m
100 53.52 66.90 78.04
125 78.04 78.04 78.04
150 78.04 78.04 78.04
200 156.07 156.07 156.07

3 IRRELEVANT ANALYSIS:
3.1) Racking resistance of Shear wall.
Max. Lateral Load (KN/m)

| | [ |
Itl |1T|

c

3.1.1) Why this is irrelevant computation?
a) Before the wall will be tilted to create Tension to the starter bars, the structure
is already damaged.
b) Starter bars are intended for in-plane lateral load, not as tension bars.

3.2) Over-turning Capacity of Walls.
a) 3.9.2.2 Section 3, BS 8110-1:1997 Overall stability of multi-storey buildings
" The overall stability of multi-storey buildings should not in any direction, depend
on unbraced walls alone.”
b) With reference to the above code, at a cetain height of the multi-storey structure that
ground floor walls, start having tention axial loads due to Seismic forces, Integration of
Columns are needed to a shear wall system to conform this code.




[image: image25.png]LATERAL LOAD CAPACITY
I. Mode of Failure:
1 In-Plane Shear Capacity of Wall.
2 Shear Capacity of Starter bars considering the grade of concrete.
3 lIrrelevant Analysis.
Il.  Important Parameter:
max Vc = 1/6 (fc'y*0.5 bw d Fig. 411-3, 411.4.1.1 NSCP 2001
d= 0.8 Lw 411.11.4 NSCP 2001

1 Mode of Failure # 1 :

Max. Lateral Load (KN/m)

N

1.1 Considering Nominal reinforcement:
Units in KN horizontal direction.
fcu FOR lo = 2700mm
Wall 20 Mpa 25 Mpa [ 30 Mpa
Thk (mm) KN/m KN/m KN/m
100 161.00 180.00 197.18
125 201.25 225.00 246.48 | VALUES TO BE COMPARED
150 241.50 270.00 295.77 WITH STARTER BARS
200 321.99 360.00 394.36

2 Mode of Failure # 2 :

Max. Lateral Load (KN/m)

Allow. Shear of 1 bar = 0.45 Fy Ab1

Max. Lateral Load (KN/m) = Allow Shear of 1 bar + Wall-Slab Concrete friction




5.2  Lateral Load Capacity – ACI 318M:2005
[image: image26.png]Lateral Load Analysis:
A. Method of Analysis:

1 Lateral Load along X- axis.
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Lateral Load along X- axis.

a. Lateral load for shear walls are those parallel to the direction of lateral load
being considered. All transverse walls, perpendicular to the direction of
lateral load being considered are neglected.

b. All openings are considered voids. Only net wall length are considered.

Lateral Load along Z-axis:
a. The same as the X-axis analysis only reverse the directions.

Design Method:

a. G+2 and below structures, by semi manual analysis. Ground floor walls are
analyzed as per above method removing door & window lengths. Lintel and si
are ignored and consider as a factor of additional safety.

b. G+3 and above, by software model analysis. Openings are considered as
void areas. All wall connections from the slab to the wall, where starter bars
are located, moments are released along the local transversal direction.

This method will provide lateral loads supported by in-plane wall members only

c. The above methods will transfer all lateral loads in a considered floor to the
walls parallel to the considered direction only.

Construction Adoptability to Design method:
a. All walls are connected by single layer starter bars from the floor slab system.
b. Floor slab is poured first with starter bars required, then shear walls are
installed along the starter bars. This default process provides construction
joint between the wall and the floor but with starter bars along the wall to
transfer continuity of forces. Meaning, pin connection along transversal of
the walls is the correct analysis as per applicable construction process
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5.3  Lateral Load as per BS 8110-2:2005



5.4  Lateral Load as per NSCP 2001



6  LATERAL LOAD ANALYSIS


