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1. INTRODUCTION

This design calculation is to justify the structural elements of Glazed Wall in the proposed Child

Care Centre in Turramurra.

The facade system is designed to sustain the dead load, live load, earthquake load and wind load

according to Structural design actions_ Wind actions as per AS/NZS 1170:2:2021.
The facade system will be fixed to parent concrete structure using post fixed anchors.

Load path for Glazed Wall

Load Path |:>Loading on GIass|:>AIuminum/Steel Frame |:>Fixings|:>Concrete
Structure

EILING_LEVEL
h 4

FIRST FL LEVEL =
v e

F CEILNG _LEVEL
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Framing Elevation for Glazed Wall
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2. MATERIAL

Sr. No. Member Remarks Grade (MPa)

1 RHS_100x50x4 Horizontal Framing Main | ¢\ 1 a50/450
- Member

2 RHS _200x100x5 | Verticals/Mullions Main Frame | Steel-350/450

3 RHS_200x200x5 | Horizontal Framing Member o o\ ac0/450
- (TBC)

4 RHS 100x50x3.2 Horizontal Framing Secondary | Aluminium-
- Member 110

3. CODES CONSIDERED
Following codes are referred for analysis and design of Glazed Wall structure.

» AS/NZS 1170.0. 2002 - Structural Design Actions Part 0: General principles
» AS/NZS 1170.1. 2002 - Structural Design Actions Part 1: Permanent, imposed, and other

actions
» AS/NZS 1170.2.2021 - Structural Design Actions Part 2: Wind Actions
» AS/NZS 4100:1998 - Steel Structures
» AS/NZS 2047:1999 - Windows in Buildings Selection & Installation
» AS/NZS 1664:1997 - Aluminium Structures_Part-1
» AS/NZS 1170.4 - Structural Design Actions Part 4: Earthquake actions
> AS 1288 - Glass Buildings
» AS 5216 - Design of Post Installed & Cast-In Fastening in Concrete
» AS 1530.4 - Fire Resistance Tests for Elements of Construction
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4. STAAD MODELLING OF GLAZED WALL

Refer below images showing normal & render 3D view of Glazed Wall modeled in STAAD
Pro software

L
W;éﬁ
R
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o

3D view of Glazed Wall
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3D render view of entire structure
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4.1. GEOMETRY DATA
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Facade Geometry
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4.2. MEMBER PROPERTIES

1. 100 X 50 X 4.0 RHS — Steel Members:

100 X 50 X 4.0 RHS
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2. 200 X 100 X 5.0 RHS — Steel Members:

N
Y
Y
Y
Y
Y
Y

L

200 X 100 X 5.0 RHS
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3. 200 X 200 X 5 RHS — Steel Members :

200 X 200 X 5 RHS
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4. 100 X 50 X 3.2 RHS — Aluminium Members :

—

100 X 50 X 3.2 RHS - Aluminum Member Sections
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4.3. MEMBER RELEASES

Refer below images shows member has been released at both ends.

Member Specification

Release

Location
@start  End

MP 0

Mmpx |0
Release
[CIrx [CIkrx
[Irr [CkFy 0
CFz [CkFz 0

i)

Release Type
(C) Partial Moment Release  (8) Release

Partial Moment Release

Enter 0 for Full Moment Restraint and
1 for No Moment Restraint conditions.

Mmpy |0 mpz |0

pAmx ke 0
[CImy [Clkmy 0
fAmz [kmz 0

Close Assign Help

Member Specification

Release
Location Release Type
Start @ End (C)Partial MomentRelease (8 Release

Partial Moment Release
Enter 0 for Full Moment Restraint and

MP 0 1 for Mo Moment Restraint conditions.
MPx | O mry O mrz 0

Release

Orx Cerx 0 My [JkMx 0

Oer Cery 0 Cmy ey 0

Orz Okrz 0 Mz [JkMz 0O

Close Assign

Help

Moment Release
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4.4. SUPPORT CONDITION

Pinned supports & fixed but supports have been assigned in StaadPro Model.

Refer below image showing location of these supports in STAAD model.
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Pinned Supports
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o

Fixed But Supports

Create Support

Fixed But

Felease

[ ]F%
1 FY
LIFz
[] Mx
[ MY
Mz

Define Spring
KFX: kM/m

KFY: kM/m

KFZ: kM/m
ALES kM-m/deg.
KM kM-m/deg.
KMZ: kM-m/deg.
Cancel Assign Help
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5. LOADING

Load cases:

1 DL: Dead Load

2.
3.
4.

5.1. DL: Dead Load

LL: Live load
WL: Wind Load
EL: Earthquake Load

1. Self-weight of framing members

1\
W

\ A\

I
—

\

\

\

B Load & Definition

D) Definitions
=] Load Cases Details

0. N/m
e UNIGY -D.82kN/m
e UNIGY -0.44kN/m
e UNIGY -D.37kN/m
& CONGXO0670.1kNm
& CONGZ-06701kNm
e CONGX-0.670.1kNm
& CONGZ06701kNm
e FY-0.428kNm
e FY-1582kNm
e FY-1389kNm
e FY-1.437kNm
e FY-1.408kNm
e FY-1.369kN.m
& FY-1.33kNm
e FY-1.347kNm
e FY-1363kNm
e FY-1.376kNm
e FY-1355kNm
e FY-1542kNm
e FY 0453kNm
2 LIVE LOAD (@)
3: WIND LOAD+Z
4 WIND LOAD-Z
5 EARTHQUAKE LOAD-X
6 : EARTHQUAKE LOAD-Z
101:1.35G
102:12G+15Q
103:1.2G+WL-Z+060Q
104:0.9G +WLsZ

New... Add... Edit ...

[roggle Load
Assignment Method
() Assign To Selected Beams/Plates

Delete...

Self-weight of Members
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2. Glass Panel load for Glaze Wall 13.52mm glass,

Glass panel = 26 kN/m* x 13.52 mm x 2.6m height =0.92 KN/m
Glass panel = 26 kN/m® x 13.52 mm x 2.305m height =0.82 kN/m
Glass panel = 26 kN/m* x 13.52 mm x 1.245m height =0.44 KN/m
Glass panel = 26 kN/m® x 13.52 mm x 1.035m height =0.37 KN/m

e

|
retiiibe
| _‘,ilﬁﬂ!!ll..;ilﬂﬂl! ‘

i ki

[]
, e
il “
I oy
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l"i

Glass Panel Load
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3. Glass Door load on top & bottom pivot

26 kN/m® x 17.52 mm x1.2m width x

Self-weight of 17.52mm thick glass door
2.6m height

1.43 kN

Moment due to self-weight =1.43 kN x 1.2m width
=1.72 kN.m

Moment converted to couple  =1.72 kN.m / 2.6m height
=0.67 kN

Above derived 0.67 kN point load has been applied on pivot point in both direction as to
satisfy both condition of door open & door closed.

— o~
— o~ 1
= L b
9 R
" a g//ea/”ﬁ o] 8(/,,@9/’/3
— . 1
-
B/QE},/"G o | #wﬁf fn/;: N
o 1 3’//@8(//6 L g,/@
9//,@8/”6 ME%} . m,eg/e N
=
D
A
|

Door Open & Closed Position
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4. Roof Fagade Dead Load

1.542 kN

1.355 kN
+1.376 kN -0.453 kN

11,368 kN N
11,347 kN
11.330 kN
11.369 kN
11.408 kN ga/ﬂ

9

11.582 kN 1-389 kN

L\
\
\

4Mwﬂ
o] a

o

Roof Facade Dead Load
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5.2. LL: Live Load

1. Live load on Facade

pants

~

3.5.4 Loads from Maintenance and Building occu

{

Vertical point load of 1kN applied anywhere or a uniformly distributed load
of 0.6kN/m2 whichever is the most onerous to internal ledges. horizontal

-

faces

framing members and horizontal sw

Vertical uniformly distributed load of 0.6kPa. and a concentrated load of

1.1IkN
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For live load application, 0.6 kN/m? applied as UDL.
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Live load on Facade
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2. Glass Door live load on top & bottom pivot

Live load on glass door = 0.6 kN/m? x1.2m width x 2.6m height
=1.872 kN

Assuming half load on top pivot & half load on bottom pivot has been transferred
=1.872KkN /2

=0.94 kN
a“’ﬁ -
a&’/ﬁ ﬁ
a‘k’/i =
a‘h’/ﬁ ?ﬁ/ﬁ ] ]
| S
1
a//fe 5///6 g{/ﬂea”’/@ 0.940 kN 9//'6&9/?&
8/,,-/@ 8/‘3 E//e f@fﬁ iy
ﬁe/”’e i
—E ° _
5 0.940 kN
&

Live load on Door
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3. Roof Fagade Live Load

H0.770 kN

0.711 kN
10.724 kN
0.713 kN 0,170 kN
0,695 kN
0.691 kN
10.715 kN

o755 ki 0.740 kN gajby/ﬂ 9/}8
0.815 kN [0-T33 kN M gﬁj Ef//e e//ey,/”e
Mﬁ ]
-%M Wﬂ
9///‘3

9
L 9
] o

9

[

9
L

L
\

Roof Facade Live Load
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5.3. WL: Wind Load

AS/NZS_1170-2-2021
WIND LOAD CALCULATION

Wind Load as per AS 1170 Part 2 :-
Regional Wind Speed :

Vsit,p = vy X Md X (Mz,cat X Ms X Mt)

Where,
Regional Wind Speed :

V; = Regional gust wind speed (m/s)
M, = wind directional multipliers
M, ... = terrain/height multiplier

Ms = shielding multiplier

Mt = topographic multiplier

As building is in Australia, Region of Wind is A2 (As per AS 1170.2:2021)

AZ/MES 117022001 =

Figmere L] — Winsd regloas = Ausiralia

As mentioned earlier, The importance level of building considered 2.

for Importance level and annual probability of exceedence, Regional wind
speed considered.

Design Calculation Report for Glazed wall
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Table 3.1{A) — Reglional wind speeds — Australia

Regional wind Region
speed " Non-cyclonic Cyclonic
(m/s) A(0to5) E1, B2 € (maximum) D (maximum)
¥ . an 26 FE] 23
Ve | 3z 28 33 35
Fio | 34 33 B 3% 43
[T a7 ET 45 ~ 51
Wi a7 39 47 53
- Ir"g.g_ - _l_ 39 44 52 &0 ]
Voo | # 48 56 56
Vaga | 43 52 61 72
T am ' 43 53 62 74
Vega 45 5T [+13] B
Vo 46 &0 70 85
" Vaom 48 63 73 a0
Vasoo 48 64 ?-'l-_ - 91
"~ Veoon 50 &7 78 95
Finooa 51 649 3] 99
Vi[Rz5years) | &7-41R01 106-92R-01 122-104K-0.1 156-142R-01
NOTE 1 The peak gust has an equivalent moving average time of approximately 0.2 s (Holmes and
Ginger, 2012).
HOTEZ Values for ¥y have not been calculated by the formula for Vg in the Australian reglons.
HOTE 3 For ultimate or serviceability limit states, refer to the National Construction Code [Australia) or
AS/NES 1170.0 for information on values of importance kevel and annual prebability of exceedance appropriate
for the design of structures. For buildings in townships in cyclonic reglons, users should consider overall risk to
a community when selecting importance levels.
MOTE 4 For Regions C and D, only the maximum values for the region are tabulated. Lower values of Vi may
apply in those regions, depending on the distance of the site from the smeoth coastline,

VR considered with, Importance level as 2 and Design workign life as 50 year.

V500 = 45 m/s Table 3.1 AS1170 Part 2 (For Ultimat Limit State)
V25 = 37 m/s Table 3.1 AS1170 Part 2 (For serviceability Limit State)
Md = 1 from Clause 3.2.2 AS1170 Part 2 by considering any direction.
Table 3.2(A) — Wind direction multiplier {(Mgq) — Australia
Cardinal | . . . . . .
directions | Region AO Region A1 Region AZ Region A3 Region A4 Region AS Region B1 %;?Elg
N 0.90 0.90 0.85 0.90 .85 0.95 0.75 090
~ NE 0.85 0.85 075 | 075 | 075 080 | 075 090
E 0.85 | 085 0.85 0.75 0.75 0.80 0.85 0.0
SE 0.90 0.80 0.95 0.90 080 | 080 | 090 090 |
5 090 0.80 095 0.90 0.80 0.80 0.95 0.90
5w 095 0.95 095 0.95 0.90 095 DQE N _'__[I'EI'CI
w 1.00 | 1.lf£ 1.00 L 1.00 1.00 1.00 049s 090
NwW 095 0.95 0.95 095 | 10D 0as 090 0.90
NOTE In Region AD non-synoptic winds are dominant. [n Regions Al and A4, extra-tropical synoptic winds

are dominant. Extreme winds in Regions A2, A3, AS and B1 are caused by a mixture of synoptic (extra-tropical
large-scale pressure systems, or tropical cyclones in the case of B1) and non-synoptic (thunderstorm) events. In

Regions B2, €, and D, extreme winds from tropical cyvclones are dominant.
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Table 3.2 NZ51170 Part 2 (WIND DIRECTION MULTIPLIER Md) (For region A2)

wind direction in X+, Wind direction multiplier for NE =

wind direction in X-, Wind direction multiplier for SW =

wind direction in Y+, Wind direction multiplier for NW =
wind direction in Y-, Wind direction multiplier for SE =

wind direction in N, Wind direction multiplier =
wind direction in 5, Wind direction multiplier =
wind direction in E, Wind direction multiplier =
wind direction in W, Wind direction multiplier =

Wind applied at 45° angle, Vsit,p = 45°
Cos45° = 0.71
5in45° = 0.71

Wind applied at 45° angle for NE

Wind applied at 45° angle for SW

Wind applied at 45° angle for NW

Wind applied at 45° angle for SE

0.75
0.95
0.95
0.95

0.85

0.95

0.85
1

NE X Cos45°/Sin45°
0.5325

SW X Cos45°/Sin45°
0.6745

NW X Cos45°/Sin45°
0.6745

SE X Cos45°/Sin45°
0.6745

Hence, Above all direction multiplier take a critical at E and W direction.

Wind direction multiplier Md considered with worst case with considering maximum
cardinal direction within a sector 45 degree in both side.

Terrain Category (AS1170 Part 2)

Design Calculation Report for Glazed wall
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Based upon the site condition, Terrain category considered =3
Table 4.1 — Terrain/height multipliers for gust wind speeds in fully developed terrains — All

regions except AQ
| Terraln/helght multiplier (M ca)
Height (z) Terraln  Terraln Terrain Terrain Terrain
(m) | Category 1 Category 2 Category 2.5 Category 3 Category 4
<3 097 091 | 0.87 0.83 0.75
s 1.01 0.91 0.87 0.83 0.75
10 1.08 100 092 083 | 075
15 112 1.05 0.97 0.89 ' 0.75
0 1.14 1.08 [ 1.01 0.94 ' 0.75
30 118 | 112 1.06 | 1.00 [ 0.80
40 I 116 110 104 | 085
50 1.23 1.18 . 1.13 1.07 1 0.90
75 | 1.27 | 1.22 | 117 _ 112 [ 098
100 1.31 1.24 1.20 1.16 1.03
150 1.36 I 127 ' 1.24 ' 121 [ 111
200 1.39 | 1.29 ' 1.27 | 1.24 138
NOTE1 InRegion AD, use M; .5 2 for all z £ 100 m in all terrains. For 100 m < 2 £ 200 m, take My -5 a5 1.24 in
all terrains.
HOTE2 Forall other regions, for Intermediate terrains use linear interpolation.
HOTE3 Forintermediate values of height 2, use linear interpolation.

By linear interpolation,

Height of buildingh i 7.62 m
Determination of terrain/height multiplier (Mz,cat) = 0.83
Table 4.1 AS 1170 Part 2

Ms = Shielding multiplier = 1 AS1170 Part 2

Mt=" Topographic multiplier = As per AS.1170.2:2021, Mlee can be
taken as 1.0
Mt=Mh
Mit= Topographic multiplier = 1
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Site Wind Speed
Vsit,p =  Vr X Md X (Mz,cal X Ms X Mt)

V500= 45x1x083x1x1
= 37.35

V25 = 37x1x083x1x1
= 30.71

Design wind pressure :

P - {DS Pmr} I_I'fdes.ﬁ_]: Fﬁg Cd:;n

Capn =1
Cage = Cp. K, K. K, K,. for external pressures
Cags = Cpi Kei. for internal pressures
Puie = density of air, which shall be taken as 1.2 kg/m’
Cpe = external pressure coefficient Table 5.2 (A)/(B)/(C) AS-1170 Part 2
Cpi = Internal pressure coefficient Table 5.1 (A) AS-1170 Part 2
Ka= 0.9 Table 5.4 AS-1170 Part 2
Kce= 0.9 Table 5.5 AS-1170 Part 2
Kci= 1 Table 5.5 AS-1170 Part 2
KI 1.5 Table 5.6 AS-1170 Part 2
Kp= 0.9 Table 5.8 AS-1170 Part 2
Puls = 0.6 X 37.352 X (Cfig.e+Cfig,i)
Psls= 0.6 X 30.7172 X (Cfig.e+Cfig,i)

External wind coeficients

Windward
Leeward
Side wall

Roof

Windward
Leeward
Side wall

Roof

Cpe=
Coe=
Cpe =
Coe =

Criga=
Chig==
Cige =
Chige =

0.8
-0.5
-0.65
-1.3

0.87
-0.55
-0.71
-1.42

-0.66
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1. Wind Load (Pressure)

B " Load & Definition

=-[D] Definitions

O] vehicle Definitions
O Time History Definitions
=- D! Wind Definitions
=D
D INTENSITY
- D TYPE 2 : WIND SUCTION
‘D INTENSITY

Code: | Custom
Intensity vs. Height
Int (kN/m?) | Height (m)
1 0.920 7700
2

08748

0.98 kN/m*

WLZ wind direction

> External pressure coefficient
—= Netwind pressure

WIND +Z (ALONG

-0.583 kN
-1.165 kN

-1.165 kN

-1.165 kN

-1.165 kN

-1.165 kN

-1.165 kN

-1.165 kN

-1.165 kN

-1.165 kN

” §¢;o.zss kN
kN

H2.519
/,46

0.765 kN

-1.529 kN
N

0.788 kN

\?s K

E N
KN -0.835 kN

-1.670 kN
{0 kN

029 kN
-0.583 kN

-1.165 kN
-1.165 kN

Wind load on Facade
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2. Wind Load (Pressure) on Glass Door

Wind load on glass door = 0.98 kN/m? x1.2m width x 2.6m height
=3.06 kN

Assuming half load on top pivot & half load on bottom pivot has been transferred
=3.06 KN /2
=1.53 kN

L

—
b a

| M/ﬁe//e

a/_,/ee”/e 1.530 kN a,/e&

iy
B/egf//?&

W’f/e b, 1.530 kN

)

Wind load on Door
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3. Wind Load (Pressure) of Roof Facade

-1.293 kN
11.260 kN

11.371 kN

e
e

L
9

Y

o
)

H1.312 kN

11.253 kN
11.297 kN
11.342 kN
1478 kN (1329 kN M“j e/e

-1.396 kN
+1.289 kN

o
e

R
—

Roof Facade Wind Load (Pressure)
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4. Wind Load (Suction)

B Load & Definition

=-[@] Definitions
[0 vehicle Definitions
[D Time History Definitions
- @ Wind Definiticns

=~ D TYPE1: WIND PRESSURE
D INTENSITY

D INTENSITY

Code: Custom
Intensity vs. Height
Int (kN/m=) | Height (m)
1 0710 T.700
2

-0.54675

-0.71 kN/m?

WL-Z wind direction

> External pressure coefficient

Net wind pressure

WIND-Z (ALONG

Wind load on Facade
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5. Wind Load (Suction) on Glass Door

Wind load on glass door = 0.71 kN/m? x1.2m width x 2.6m height
=2.22 kN

Assuming half load on top pivot & half load on bottom pivot has been transferred
=222kN/?2
=1.11 kN

L

aﬁ/:e?r/i
1
1 e//ﬂ“’/e

i

— 1.110 kN E,,/’eg/ﬁé

e
b g//@

A\

Wind load on Door
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6. Wind Load (Suction) of Roof Facade

ﬁ?ﬂﬁa kN
ﬁr/@ﬂﬂiﬂﬁ
F‘.ﬂ?‘./“‘fh/ﬂz//e QJ/E:;;;G gu.sos kN posokn |7
ﬁ?ﬁ Ey/,ge/eomm 0578 kN | 8///@8(,//@
0.130 kN Mﬁee/e 0.619 kN . a///ee//e
b PR " L
— - |9
0.682 kN Er,//e 8/‘3 gf/eafe
o ol o
Ef/e 8/@
o ] Br/ﬁaf/ﬁ b d g/ﬁé
o
o o &
o g,./ﬂg/ﬁ i
&
' afﬁg/”e &
a,/ﬁg”’/e “

Roof Facade Wind Load (Suction)
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5.4. EQ: Earthquake Load

EQUIVALENT STATIC METHOD
The horizontal equivalent static shear force (V) acting at the base of the structure (base
shear) in the direction being considered shall be calculated from the following equations:
Earthquake base shear V= CyT)W,
= [C(T)Sp/ 1] W,

= [ ZCW TSy kI,
Factors Abbrivi. Value Unit Remarks
Probability Factor K, = 1 - As per Annual probabolity P = 1/500
Hazard factor Z=| 0.08 - As per Sydney location
Spectral time period for T, C,(T1)=| 2.08 Sec As per class C soil
Structural performance factor S.=| 0.77 - For Steel OMRF
Structural ductility factor n= 2 - For Steel OMRF
Seismic weight of structure W, = 58 kN  [Considering Dead load + 0.3x Imposed load
Horizontal design action coefficient C4(T1)=| 0.0641 - -
Horizontal equivelent static base shear V= 3.7 kN -

?k/:éA
e

0.17
a/;eﬁm'?e‘ kN
0.174 kN

kN

kN
0.095 kN
0.095 kN
0.063
0.063 kN
kN
0.092

0.063|kN
Yy 5002 k001 KN
0,092 |-001 kN
001 kN
9.092 k
0,092 @001 kN
G002 k@001 KN

0.063

0,092 00T kN
A €
w0092
0.058KN1 kN

Earthquake Load in X direction
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[P

?r,,ia“’i a5 K

ATIKN
75 kN
ak/ﬁ A74 kN

T e
T

N

n

n
=
=
3
-
=
%ﬁ

093 M% kN
-092 kN 001 kN
092 kN 81,001 kN
ﬂ 001 kN

093 kN &8.001 kN
093 ;ﬂ 8,001 kN
092 kN 001 kN
092 kN 001 kN
N o
} 8,001 kN

2 K
-092 kN
8,001 kN
8,001 kN
001 kN

Kz

Earthquake Load in Z direction
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6. LOAD COMBINATIONS

Load combinations as per AS/NZS 1170.0.2002 Structural Design Actions

Design load combinations

101.
102.
103.
104.
105.
106.
107.
108.
109.
110.

135G

1.2G+15Q

1.2 G + WL-Z (PRESSURE) + 0.6Q
0.9 G + WL-Z (PRESSURE)

1.2 G + WL-Z (SUCTION) + 0.6Q
0.9 G + WL-Z (SUCTION)
10G+EQX+0.60Q
10G-EQX+0.6Q
10G+EQZ+060Q
10G-EQZ+0.6Q

Service load combinations

201.
202.
203.
204.
205.
206.

207
208
209
210

10G
1.0G+0.7Q

1.0 G + 0.65WL-Z (PRESSURE) + 0.6 Q
1.0 G + 0.65WL-Z (SUCTION) + 0.6 Q
1.0 G + WL-Z (PRESSURE)

1.0 G + WL-Z (SUCTION)

1.0 G + EQX

1.0 G - EQX

1.0G +EQZ

1.0G-EQZ
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7. ANALYSIS & DESIGN RESULTS

7.1 UTILITY CHECK

Below images shows value ranges for utility ratios & colored diagrams to understand

utilization of structural members.

Result Liilization Ratio

() None

(®) Actual Ratio

(") Nomalized Ratio {Actual/Allowable)

Color
(®) Basic Diagram
{_) Detailed Diagram

(=]

Show Values

Diagrams
Structure Loads and Results
Force Limits Animation

.1

Cancel

Scales

Labels

Design Results

Actual Ratio

From

To

Mot Designed

0 1

1

»1.5

Fpply

Help

Utility ratio ranges for detailed diagram
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Below image shows that failed members (i.e., members having utility ratio more than 1) will be
highlighted with red colors, if any. It can be seen from below image that all members are green.

Hence, all members have passed in design.

2992

“Rerl0.0378
=Rer0.0378 0.592
L= 0.0378

Detailed colored diagram of utility ratios
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7.2 DEFLECTION CHECK

Horizontal Deflection

Refer below table shows nodal displacement for serviceability load combinations.

Horizontal Vertical Horizontal | Resultant Rotational
Node Lic X ¥ Fad rx rf rf
mm mim mim mim rad rad rad
Max X 46 2071.0G +E 1.497 -0.034 -0.751 1.675 0.000 0.000 0.000
Min X 4 2081.0G +E 1.017 -0.019 0.000 1.017 -0.000 -0.000 0.000
Max ¥ 1 2011.0G 0.000 0.000 0.000 0.000 0.000 -0.000 -0.000
[Min 12 2051.0G + 0.000 0.071 0.000 0.071 0.004 0.000 0.000
Max Z 46 206 1.0G + 0.241 -0.030 17.030 17.031 -0.001 -0.000 0.000
Min Z 45 203106 +0 0.241 -0.043 -16.843 16.845 0.001 0.000 0.000
Max rx 43 2061.0G + 0.000 0.000 0.000 0.000 0.007 -0.000 -0.000
Min rX 43 2031.0G+0 0.000 0.000 0.000 0.000 -0.007 0.000 -0.000
Max rY 73 2061.0G + 0.000 0.000 0.000 0.000 0.004 0.002 -0.000
Min rY’ 1 2061.0G + 0.000 0.000 0.000 0.000 0.004 -0.002 -0.000
Max rZ 43 2071.0G +E 0.000 -0.049 0.000 0.045 0.000 0.000 0.001
Min rZ 2 2071.0G +E 0.079 -0.001 0.000 0.079 0.000 -0.000 -0.001
Max Rsf 46 2061.0G + 0.241 -0.030 17.030 17.031 -0.001 -0.000 0.000
Refer below image shows deflection diagram for serviceability load combinations.
akfja«/iA
a""/‘e =
a/"'-"e =
ar"’/e =
zr’"lle <
ar""'/e &
ar”'/e <
a"’fe =
by
by
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From above displacement summary,

Maximum horizontal displacement of structure in Z direction =17.030 mm
Permissible Horizontal deflection = Height /250 = 7645 mm /250 = 30.58 mm
Actual maximum Horizontal deflection =17.03mm < 30.58 mm ........ (Hence, OK)

e Vertical Deflection

Refer below image shows member deflection for serviceability load combinations.

Beam Mo =11
- 0.500 A
2--0.001 -0.002-8
V>
From above displacement diagram,
Maximum vertical displacement of structure in Y direction =0.214 mm
Permissible Vertical deflection = Span /250 = 1200 mm /250 = 4.8 mm
Actual maximum Vertical deflection =0.214mm <48mm........ (Hence, OK)
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7.3 SUPPORT REACTION

Refer below image showing supports.

27

219

Supports with Node Numbers
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SUPPORT REACTIONS FOR SERVICEABILITY COMBINATIONS:

Force-X Force-Y Force-Z
Node L/C kN kN kN

1 1 0.229 3.88 0
2 0 0.158 1.579

3 0 0.285 1.907

4 0 -0.131 -2.633

5 -0.074 -0.048 0

6 0 0 -0.139

6 1 -0.036 0 0
2 0 0 1.219

3 -0.001 0 1.455

4 0 0 -2.008

5 -0.176 0 0

6 0 0 -0.115

7 1 -0.172 6.848 0
2 0 0.813 2.448

3 0 1.474 3.026

4 0 -0.68 -4.177

5 -0.259 0.001 0

6 0 0 -0.194

12 1 -0.016 0 0
2 0 0 2.812

3 -0.001 0 3.325

4 0 0 -4.589

5 -0.205 0 0

6 0 0 -0.236

13 1 -0.075 6.656 0
2 0 0.733 2.613

3 0 1.33 3.209

4 0 -0.613 -4.429

5 -0.224 0 0

6 0 0 -0.203

18 1 -0.015 0 0
2 0 0 2.811

3 0 0 3.323

4 0 0 -4.587

5 -0.206 0 0

6 0 0 -0.227

19 1 -0.046 6.703 0
2 0 0.756 2.652

3 0 1.371 3.253

4 0 -0.633 -4.49

5 -0.213 0 0
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6 0 0 -0.204
24 1 -0.016 0 -0.002
2 0 0 2.779
3 0 0 3.285
4 0 0 -4.538
5 -0.206 0 0
6 0 0 -0.226
25 1 -0.031 6.674 0.001
2 0 0.74 2.66
3 0 1.342 3.262
4 0 -0.619 -4.5
5 -0.21 0 0
6 0 0 -0.204
30 1 -0.016 0 -0.005
2 0 0 2.748
3 0 0 3.249
4 0 0 -4.493
5 -0.207 0 0
6 0 0 -0.224
31 1 -0.007 6.635 0.013
2 0 0.715 2.676
3 0 1.297 3.29
4 0 -0.599 -4.52
5 -0.209 0 0
6 0 0 -0.204
36 1 -0.016 0 -0.023
2 0 0 2.715
3 0 0 3.197
4 0 0 -4.453
5 -0.207 0 0
6 0 0 -0.221
37 1 0.066 6.597 0.053
2 0 0.691 2.739
3 0 1.253 3.393
4 0 -0.578 -4.594
5 -0.209 0 0
6 0 0 -0.204
42 1 -0.017 0 0.063
2 0 0 2.85
3 0 0 3.418
4 0 0 -4.612
5 -0.207 0 0
6 0 0 -0.219
43 1 0.292 6.613 -0.334
2 0 0.695 3.858
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3 0 1.26 5.214
4 0 -0.581 -5.915
5 -0.209 0 0
6 0 0 -0.204
48 1 -0.019 0 0.145
2 0 0 2.974
3 0 0 3.62
4 0 0 -4.759
5 -0.207 0 0
6 0 0 -0.22
49 1 0.096 6.632 0.021
2 0 0.713 2.847
3 0 1.293 3.568
4 0 -0.596 -4.722
5 -0.21 0 0
6 0 0 -0.204
54 1 -0.018 0 0.078
2 0 0 2.878
3 0 0 3.461
4 0 0 -4.647
5 -0.206 0 0
6 0 0 -0.222
55 1 0.013 6.641 0.017
2 0 0.724 2.68
3 0 1.312 3.297
4 0 -0.605 -4.522
5 -0.213 0 0
6 0 0 -0.204
60 1 -0.017 0 -0.017
2 0 0 2.755
3 0 0 3.247
4 0 0 -4.51
5 -0.206 0 0
6 0 0 -0.223
61 1 0.008 6.622 0.003
2 0 0.711 2.617
3 0 1.289 3.216
4 0 -0.595 -4.434
5 -0.224 0 0
6 0 0 -0.202
66 1 -0.017 0 -0.007
2 0 0 2.8
3 0 0 3.305
4 0 0 -4.574
5 -0.205 0 0
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6 0 0 -0.225
67 1 0.079 6.807 0
2 0 0.768 2.448
3 0 1.393 3.026
4 0 -0.642 -4.177
5 -0.26 -0.001 0
6 0 0 -0.193
72 1 -0.016 0 -0.003
2 0 0 2.808
3 0.001 0 3.318
4 0 0 -4.584
5 -0.205 0 0
6 0 0 -0.234
73 1 -0.247 3.929 0
2 0 0.172 1.579
3 0 0.312 1.907
4 0 -0.144 -2.632
5 -0.075 0.048 0
6 0 0 -0.142
78 1 0.013 0 0
2 0 0 1.219
3 0.001 0 1.454
4 0 0 -2.007
5 -0.176 0 0
6 0 0 -0.115
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1. INTRODUCTION

This design calculation is to justify the structural elements of Glazed Roof in the proposed Child

Care Centre in Turramurra.

The facade system is designed to sustain the dead load, live load, earthquake load and wind load
according to Structural design actions_ Wind actions as per AS/NZS 1170:2:2021.

The facade system will be fixed to parent concrete structure using post fixed anchors.

Load path for Glazed Roof

Load Path |:>Loading on GIass|:>AIuminum/Steel Frame |:>Fixings|:>Concrete

Structure
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Framing Plan for Glazed Roof
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2. MATERIAL

Sr. No. Member Remarks Grade (MPa)
1 SHS_200x200x5 Framing Main Member Steel-350/450
2 RHS_200x100x5 Framing Main Frame Steel-350/450
2 RHS_200x100x6 Framing Main Frame Steel-350/450
3 RHS_100x50x3.0 Framing Secondary Member Alur;nlr:)lum-
4 RHS 100x50x1.8 Framing Secondary Member Alur;lllrgum-

3. CODES CONSIDERED
Following codes are referred for analysis and design of Glazed Roof structure.

» AS/NZS 1170.0. 2002 - Structural Design Actions Part 0: General principles

» AS/NZS 1170.1. 2002 - Structural Design Actions Part 1: Permanent, imposed, and other

actions

YV V V ¥V ¥V V VYV VYV VY

AS/NZS 2047:1999
AS/NZS 1664:1997
AS/NZS 1170.4
AS 1288

AS 5216

AS 1530.4

AS1288 — 2006

- Steel Structures

- Aluminium Structures_Part-1

- Glass Buildings

AS/NZS 1170.2.2021 - Structural Design Actions Part 2: Wind Actions
AS/NZS 4100:1998

- Windows in Buildings Selection & Installation

- Structural Design Actions Part 4: Earthquake actions

- Design of Post Installed & Cast-In Fastening in Concrete

- Fire Resistance Tests for Elements of Construction

-Glass-in-buildings-Selection-and-installation
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4. DESIGN OF GLASS
Design Actions

Permanent Actions = Self-weight
Imposed Actions =1.0kPa

= 1.4kN verfical point load over 100x100mm
Wind Actions =+1.44/-1.61 kPa

Summary of ltems

ltem Details

12mm Laminated Glass.
gmm HS/1.52mm PVB/6mm HS. 1200mm x 2000mm

4-sided structural double-glazed
glass panel.

Capral 150 St Kilda Glazing Adaptors with structural silicone.

Glass Panel Design Stress

phi= 0.67

cl= 1.6 (1.0 ordinary annealed, 1.6 heat-strengthened, 2.5 toughened, 0.5 wired)
c2= 1 (1.0 untreated, 0.4 sand blasted/etched, 1.0 acid etched or patterned)
3= 1

t= 11.6 mm

fit= 47.2 MPa away from edges

ft= 37.8 MPa near edges

phi. Ru = 50.6 MPa away from edges

phi. Ru = 40.5 MPa near edges

Adopt glass panel design stress phi. Ru = 40.5 MPa near edges.
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Design Actions

Dead Load + Self Weight

WLu = -1.61 kPa

Design Calculation Report for Glazed Roof




WLlu = +1.44 kPa

LLT1 = 1.0 kPa
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LL2 = 1.4kN

Combinations of Actions

pe of Ultimate Design Actions: (1.35G, 1.2G+1.5LL1, 1.2G+1.5LL2, 1.2G+WL+, 1.2G+WL-
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Envelope of Serviceability Design Actions: (LL1 serv, LL2 serv, WL+ serv, WL- serv

Strength Check

Maximum stress of glass Oatlowable = 40.5 MPa Omax = 38.6 MPa n

Deflechon Check

Maximum deflection of glass Sattowable = mm( ,20mm) = 20mm Omax = 5.5mm oK

Deflection Check

Maximum deflection of glass panel Omax < 1mm Omax = 0.8 mm oK

Glass design is safe in lower thickness. Hence, provided glass thickness DGU 13.52mm heat
strengthened, 12 air argon and 11.52mm is safe.
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5. STAAD MODELLING OF GLAZED ROOF

Refer below images showing normal & render 3D view of Glazed roof modeled in STAAD
Pro software

3D view of Glazed roof
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3D render view of entire structure
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5.1. GEOMETRY DATA

te

14.4m’

7.2m

il
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Facade Geometry

6.6m
% 6.9m
% 7.2m
: 7.5m o

“1.2m

2.0m
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5.2. MEMBER PROPERTIES

1. 200 X 200 X 5.0 SHS — Steel Members:

200 X 200 X 5.0 SHS
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2. 200 X 100 X 5.0 RHS — Steel Members:

200 X 100 X 5.0 RHS

Design Calculation Report for Glazed Roof
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3. 200 X 100 X 6.0 RHS — Steel Members:

Y .

v 7 7 7 7
V588999582885858888
YR 83898858588585888858,
TR3288888288884888288%2

Belbe, e

200 X 100 X 6.0 RHS
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4. 100 X 50 X 3.0 RHS — Aluminium Members :

oo

i
B

e
3

=
-

100 X 50 X 3.0 RHS - Aluminum Member Sections
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5. 100 X 50 X 1.8 RHS — Aluminium Members :

SRR 1N 18

RIRS |RIRIR

:
:

.
|
fI1N
|
I

100 X 50 X 1.8 RHS - Aluminum Member Sections

5.3. MEMBER RELEASES

Refer below images shows member has been released at both ends.

Member Specification l&] Member Specification [
Release Release
Location Release Type Location Release Type
@ Start End () Patial Moment Release @) Release Stat @ End () Partial Momert Release @ Release
Partial Moment Release Partial Moment Release
Enter  0for Full Moment Restraint and Erter  Ofor Ful Moment Restraint and
MP 1for No Moment Restraint conditions. MP 1for No Moment Restraint conditions.
MPX mpy |0 MPZ MPX MPy |0 MPZ
Release Release
FIFx Fkex [0 kN EIMX KM [0 kN-m/deg. FIrx Flkex [0 km  EIMX FKMX [0 kNm/deg.
[EIFy Ekey [0 kN/m MY [EIKMY |0 EFr Ekry [0 khm @My KMy |0
Erz [Ekrz (0 kNsm MZ [C]kmz |0 [CFz [Clkrz |0 kN/m MZ [Ckmz |0
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5.4. SUPPORT CONDITION

Pinned and fixed but vertical and horizontal supports (Glaze wall mullion support at 1.2m
c/c) have been assigned in STAAD Pro Model.

Refer below image showing location of these supports in STAAD model.

Pinned Supports
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Fixed but vertical Supports
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Fixed but vertical & horizontal Supports
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Fixed but vertical & horizontal Supports
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6. LOADING

Load cases:

DL: Dead Load

LL: Live load

WL: Wind Load (Pressure)

WL: Wind Load (Suction)

EL: Earthquake Load-X direction
EL: Earthquake Load-Z direction
TL: Temperature Load

NoakowdE

6.1. DL: Dead Load

1. Self-weight of framing members

EI@ B Load & Definition o
[D Definitions ~
=[] Load Cases Details

=] 1: DEAD LOAD (G)

e UNIGY -0.1kN/m
e® UNIGY -0.10.07864 1.065 kN/m

e _S1FLOAD -0.651 GY

e® FX0.036FYOFZ0kNm

e® FXD.01BFYOFZ0kNm

e® FX0.015FY DFZ0kNm

e® FX0.016FY0FZ0.002kNm
e® FX0.016FY0FZ0.005kNm
e® FX0.016FY0FZ0.023kNm
e® FX0.017FY 0FZ-0.063kNm
e® FX0.019FY 0FZ-0.145kNm
e® FX0.018FY0DFZ-0.078kNm
e® FX0.017FYOFZ0.017kNm
e® FX0.017FY 0FZ0.007kNm
e® FX0.016FY0FZ0.003kNm
e® FX-0.013FYDFZ0kNm

2: LIVE LOAD (Q)

3:WIND LOAD+Z

4:WIND LOAD-Z

5 : EARTHQUAKE LOAD-X

6 : EARTHQUAKE LOAD-Z

7: TEMPERATURE
101:138G+1.25T

102:12G+150+125T
103:12G+WL+Z+06Q+125T
104:09G+WLsZ+1.25T
105:12G+WLZ+06Q+125T
106:09G+WLZ+125T
107:10G+EQ+X+06Q+125T v

B-E-E-B-E-E-E-E-E-E-E-E-E
EEEREEEAEEEEEE

Add... Ediit ... Delete...

=
i
H

Self-weight of Members
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2. Glass Panel load for Glaze roof (13.52mm + 11.52mm) glass,

Glass panel load = 26 kN/m® x (13.52mm + 11.52mm) = 0.651 kN/m?

BEEEEEEg

O ] O O

e IR B R U ]

2%%%%%s %% %h®%®B%mBLL®®

#-[D] Definitions
= Load Cases Details
= 1: DEAD LOAD (G)

UNIGY 0.1 kN/m

UNIGY -0.1 0.07864 1.065 kN/m
UNIGY -D.45kN/m
SELFWEIGHT ¥ -1
_51FLOAD 0,651 GY

FX 0036 FY DFZ0kNm

FX 0016 FY DFZ 0kN.m

FX 0015 FY DFZ 0kNm
FX0.016 FY D FZ 0.002kNm
FX0.016 FY DFZ 0.005 kNm
FX 0016 FY DFZ 0.023kNm
FX0.017 FY D FZ 0.063kNm
FX003FY DFZ-0.145kNm
FX008FY DFZ0.078kNm
FX 0017 FY DFZ 0017 kNm
FX0.017 FY D FZ 0.007 kNm
FX0.016 FY D FZ 0.002kNm
FX-00M3FYDFZ0kNm

: LIVE LOAD (@)

: WIND LOAD=Z

: WIND LOAD-Z

: EARTHQUAKE LOAD-X

: EARTHQUAKE LOAD-Z

: TEMPERATURE
$135G+125T
$12G+15Q+125T

103:12G+WL+Z+06Q+125T
104:09G+WLZ+125T
105:12G+WL-Z+06Q+125T
106:09G+WL-Z+125T
107:10G+EQ+X+06Q+125T

New...

Glass Panel Load

Add... Edit .....

Delete...
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3. Glass supported aluminum framing load  =0.1 kN/m

B Load & Definition X

[D Definitions A
=] Load Cases Details
=] 1:DEAD LOAD (G)

Y ONIGY 01 kN
e UNIGY-0.10.07864 1.065 kN/m
&2 UNIGY-0.45kN/m
& SELFWEIGHT ¥ -1
o® _S1FLOAD -0.651 GY
e FX0036 FY 0FZ0kNm
2 FXO0016FY 0FZ0kNm
2 FXO0015FY 0FZ0kNm
e FX0.016 FY 0FZ0.002kNm
e FX0.016 FY 0FZ0.005kNm
e FX0.016 FY 0FZ0.023kNm
e FX0017FY 0FZ-0.063kNm
e FX0.019FY 0FZ-0.145kNm
e FXO0018FY 0FZ-0078kNm
e FXO0017FY 0FZ0.017kNm
2 FX0.017FY 0FZ 0.007kNm
e FX 0016 FY 0FZ0.003kNm
e FX-D013FY0FZ0kNm

2: LIVE LOAD (@)

3 WIND LOAD+Z
4:WIND LOAD-Z

5 : EARTHQUAKE LOAD-X

6 : EARTHQUAKE LOAD-Z

7 : TEMPERATURE

101:1.35G=125T

102:12G+150Q+125T
103:12G+WL+Z+06Q+125T
104:09G+WL+Z+125T
105:12G+WL-Z+06Q+125T
106:09G+WLZ+125T
107:10G+EQ+X+06Q+1.25T v

=

=]}

=

B-E-E-E-E-E-E-E-E-E-E-E-E

=)

Add... Elit ... Delete...

=
o
=

Aluminum framing load
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4. Gutter load = 10 kN/m® x 0.15 x 0.3 = 0.45 kN/m

lo | & s

Dt
S
et s,
i

o
i

9,

Gutter load

Load from glaze wall

B Load & Definition

[@ Definitions
= Load Cases Details

=1L 1: DEAD LOAD (G)
e UNIGY-0.1kN/m
e UNIGY -0.10.07864 1.065kN/m
[5:B UNI GY 0.45 kN/m
e? SELFWEIGHT Y -1
= _S1FLOAD -D.651GY
e FX0.038FY0FZ0KkNm
e FX0.016FY0FZ0kNm
e FX0.015FY0FZ0kNm
&2 FX0.016FY0FZ0.002kNm
&2 FX0.016FY0FZ0.005kNm
&2 FX0.016FY0FZ0.023kNm
e FX0.017FY 0 FZ-0.063kNm
e FXO0.019FY0FZ-0.145kNm
e FX0.018FY0FZ-0.078kNm
2 FXO0.017FY0FZ0017kNm
2 FX0.017FY0FZ0.007kNm
e FXO0.016FYDFZ0.003kNm
e FXDO013FYOFZ0kNm
2: LIVE LOAD (@)
3: WIND LOAD=Z
4: WIND LOAD-Z
5
6

: EARTHQUAKE LOAD-X

: EARTHQUAKE LOAD-Z
7: TEMPERATURE
101:1.35G+1.25T
02:12G+15Q+125T
103:12G+WL+Z+06Q+125T
104:09G+WL+Z+1257T
05:12G=WLZ+06Q+125T
106:05G+WLZ+125T
107:10G+EQ+X+06Q+125T

E-E-E-E-E-E

&
EEEEEEEE

&}

H-E
[@]e!

E-E
@l

=
Il

MNew... Add... Edit ..... Delete.

B Load & Definition

[D] Definitions
=] Load Cases Details
)\ =

FXD036FYDFZ0OkNm
FXO0EFYOFZ0kNm
FXOMEFYDFZ0OkNm
FX0.016 FY DFZ 0.002 kNm
FX 0016 FY DFZ0.005kNm
FX00EFY DFZ0.023kNm
FX 0017 FY D FZ-0.063kNm
FX0013FY OFZ-0.145kN.m
FX008FY DFZ0.078kNm
FX 007 FY DFZ0.017kNm
FX0.017 Fr DFZ0.007 kN.m
FX 006 FY DFZ0.003 kNm
FX-O013FY 0FZ0kNm

. LIVE LOAD (@)

:WIND LOAD=Z

- WIND LOAD-Z

: EARTHQLAKE LOAD-X

: EARTHQUAKE LOAD-Z

: TEMPERATURE
01:135G+125T
102:12G+15Q+125T
103:12G+WL+Z+06Q+125T
104:09G+WL+Z+1.25T
105:12G+WLZ+060Q+125T
106

107

108

109

110

e
e
e
e
e
e
e
e
e
e
e
e
e

- B I R P N

09G+WLZ+125T
10G+EQ+X+06Q+125T
1DG+EQX+06Q+125T
1DG+EQ+Z+06Q+125T
10G+EQZ+06Q+125T
201:10G+T
202:10G+07Q+T
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6.2. LL: Live Load

1. Live load on Facade

3.5.4 Loads from Maintenance and Building occupants

Loads from
Building
Occupants

Vertical point load of 1kN applied anywhere or a uniformly distributed load
of 0.6kN/m2 whichever is the most onerous to internal ledges. horizontal

framing members and horizontal surfaces

Honzontal/'near
honzontal
surfaces

Vertical/near
vertical surfaces

Vertical uniformly distributed load of 0.6kPa, and a concentrated load of

1.1kN acting separately on a 150mum diameter contact area applied
separately to any gutters. copings or flat and near flat surfaces.

SOON applied honzontally through a 150mm diameter contact area on any
vertical or near vertical surface which is accessible by building occupants

or maintenance staff,

For live load application, 0.6 kN/m? applied as UDL.

8 Load & Definition

[D Definitions

=] Load Cases Details
[L] 1:DEAD LOAD (G)
=~ [T 2: LIVE LOAD (@)

E-E-E-E-E-E-E-E

B

o . .
e FXOFYOFZ-1.219kNm
e FXOFYOFZ-2812kNm
e FXOFYOFZ-2811kNm
&2 FXOFYOFZ-2779kNm
2 FXOFY0FZ-2748kNm
&2 FXOFYOFZ-2715kNm
&2 FXOFY0FZ-285kNm
e FXOFY0FZ-2974kNm
e FXOFY0FZ-2878kNm
e FXOFYOFZ-2755kNm
e FXOFYOFZ-28kNm

2 FXOFYOFZ-2808kNm
e FXOFYOFZ-1219kNm

L] 3:WIND LOAD=Z
L] 4:WIND LOAD-Z
L] 5: EARTHQUAKE LOAD-X
[ &: EARTHQUAKE LOAD-Z

7: TEMPERATURE
101:135G+125T
102:12G+150+125T

103:12G+WL+Z+06Q+125T

104:09G+WLZ+1.25T

£

B-H
=)=}

[i*]

=

12G+WLZ+06Q+125T
09G+WLZ+125T
10G+EQ+X+06Q+125T
10G+EQ-X+06Q+125T
c10G+EQ+Z+06Q+125T
10G+EQ-Z+06Q+125T
10G+T

Live load on Facade

Add... Exiit .....

Delete...

Design Calculation Report for Glazed Roof

27




) a3l

Load from glaze wall

B Load & Definition

#-[ Definitions

Load Cases Details

- [0 1:DEAD LOAD (G)

: 2 LIVE LOAD (Q)

----- e® FXOFY0FZ-1.219kNm

----- e FXOFYOFZ-2812kNm

----- B FXOFYOFZ-2811kNm

----- e FXOFYOFZ-2779kNm

----- e? FXOFYOFZ-2748kNm

----- e FXOFYOFZ-2715kNm

----- e FXOFY0OFZ-285kNm

----- B FXOFYOFZ-2974kNm

----- e FXOFYOFZ-2878kNm

----- e FXOFY0FZ-2755kNm

----- e FXOFYOFZ-28kNm

----- e FXOFYOFZ-2808kNm

----- e FXOFYOFZ-1.219kNm
[ 3:WIND LOAD+Z

@ 4:WIND LOAD-Z

[ 5: EARTHQUAKE LOAD-X

- [@ &:EARTHQUAKE LOAD-Z

7: TEMPERATURE
101:1.35G+1.25T
102:12G+15Q+125T
103:12G+WL+Z+06Q+125T
104:09G+WL+Z+125T
105:12G+WLZ+06Q+125T
106:08G+WLZ+125T
107:10G+EQ+X+06Q+125T
108:1.0G+EQ-X+06Q+125T
109:10G+EQ+Z+06Q+125T
110:1.0G+EQ-Z+060Q+125T
201:10G=+T

e e e T e T o P P -
BB B B B - B B B B - B B B B B B

EREEEEEEEEEEE
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6.3. WL: Wind Load

AS/NZS_1170-2-2021
WIND LOAD CALCULATION

Wind Load as per AS 1170 Part 2 :-
Regional Wind Speed :

Vsit,p = vy X Md X (Mz,cat X Ms X Mt)

Where,
Regional Wind Speed :

V; = Regional gust wind speed (m/s)
M, = wind directional multipliers
M, ... = terrain/height multiplier

Ms = shielding multiplier

Mt = topographic multiplier

As building is in Australia, Region of Wind is A2 (As per AS 1170.2:2021)

AZ/MES 117022001 =

Figuere LI[A] — Wind reglins = Auviralia

As mentioned earlier, The importance level of building considered 2.

for Importance level and annual probability of exceedence, Regional wind
speed considered.

Design Calculation Report for Glazed Roof




Table 3.1{A) — Reglional wind speeds — Australia

Regional wind Reglon
speed " Non-cyclonic Cyclonic
(m/s) A(0to5) E1, B2 € (maximum) D (maximum)
¥ [ an 76 . FE] 23
Vs | 32 28 | 33 35
Fio 34 33 I 3% 43
 Va a7 [ T a5 st
Vis a7 ET] 47 53
- _lr"5g l g 44 52 &0 ]
Vioo ; # 48 56 66
Vase | 43 | sz &1 72
Vaso 43 53 62 74
T Ve 45 57 66 80
T Vioso 46 &0 70 85
Vaooo 48 63 73 1]
Vasoe 48 64 "o a1
Vsooo 50 &7 i E
Finooa 51 649 a1 99 o
VR (R 2 5 years) 67=418-91 106=82R-0.1 122-104K-0.1 156=142R-01
NOTE 1 The peak pust has an equivalent moving average time of approximately 0.2 s (Holmes and
Ginger, 2012).
NOTE2 Valoes for 1y have not been calculated by the formula for Vg in the Australian reglons.
HOTE 3 For ultimate or serviceability limit states, refer to the National Construction Code [Australia) or
AS/NES 1170.0 for information on values of importance kevel and annual prebability of exceedance appropriate
for the design of structures. For buildings in townships in cyclonic reglons, users should consider overall risk to
a community when selecting importance levels.
MOTE 4 For Regions C and D, only the maximum values for the region are tabulated. Lower values of Vi may
apply in those regions, depending on the distance of the site from the smeoth coastline,

VR considered with, Importance level as 2 and Design workign life as 50 year.

V500 = 45 m/s Table 3.1 AS1170 Part 2 (For Ultimat Limit State)
V25 = 37 m/s Table 3.1 AS1170 Part 2 (For serviceability Limit State)
Md = 1 from Clause 3.2.2 AS1170 Part 2 by considering any direction.
Table 3.2(A) — Wind direction multiplier {(Mgq) — Australia
Cardinal | . | . . . . . .
dil’ﬂl:ﬁn;'ls Region AO |Region Al |Region A2 |[Region A3 |Region A4 |Region A5 | Region B1 %;?E’g
N 0.90 (.90 0.85 0.90 .85 0.95 0.75 090
~NE 0.85 085 | 075 | 075 0.75 0.80 0.75 090
E 085 0.85 0.85 0.75 0.75 0.80 0.85 0.0
SE 090 0.80 095 0.90 0.80 _ﬂ.ﬂﬂ 090 | EIEI} |
5 0.90 1 0.80 0.95 0.90 0.80 0.80 0.95 0.90
- sw 0.95 0.95 0.95 095 0.90 095 095 | 090
w 1.00 100_ - 1_.% 1.00 1.00 1.00 095 0.90
NwW 095 0.95 0.95 0.95 1.00 0as 090 090
NOTE In Region AD non-synoptic winds are dominant. In Regions Al and A4, extra-tropical synoptic winds

Regions B2, €, and D, extreme winds from tropical cyvclones are dominant.

are dominant. Extreme winds in Regions A2, A3, AS and B1 are caused by a mixture of synoptic (extra-tropical
large-scale pressure systems, or tropical cyclones in the case of B1) and non-synoptic (thunderstorm) events. In
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Table 3.2 NZ51170 Part 2 (WIND DIRECTION MULTIPLIER Md) (For region A2)

wind direction in X+, Wind direction multiplier for NE =
wind direction in X-, Wind direction multiplier for SW =
wind direction in Y+, Wind direction multiplier for NW =
wind direction in Y-, Wind direction multiplier for SE =

wind direction in N, Wind direction multiplier =
wind direction in S, Wind direction multiplier =
wind direction in E, Wind direction multiplier =
wind direction in W, Wind direction multiplier =

Wind applied at 45° angle, Vsit,p = 45°
Cos45° = 0.71
5in45° = 0.71

Wind applied at 45° angle for NE

Wind applied at 45° angle for SW

Wind applied at 45° angle for NW

Wind applied at 45° angle for SE

0.75
0.95
0.95
0.95

0.85

0.95

0.85
1

NE X Cos45°/Sin45°
0.5325

SW X Cos45°/Sin45°
0.6745

NW X Cos45°/Sin45°
0.6745

SE X Cos45°/Sin45°
0.6745

Hence, Above all direction multiplier take a critical at E and W direction.

Wind direction multiplier Md considered with worst case with considering maximum
cardinal direction within a sector 45 degree in both side.

Terrain Category (AS1170 Part 2)
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Based upon the site condition, Terrain category considered =3
Table 4.1 — Terrain/height multipliers for gust wind speeds in fully developed terrains — All

regions except A0
Terraln/helght multiplier (M ca)
Height{(z) = Terraln = Terraln Terrain Terrain Terrain
(m) | Category 1 Category2 | Category 2.5 Category 3 Category 4
<3 097 091 0.87 0.83 0.75
5 1m [ 0.91 | 0.87 0.83 0.75
10 108 | 100 ! 092 083 | 075
15 T 12 1.05 097 0.89 ' 0.75
20 114 1.08 [ 101 0.94 ' 0.75
T ' 118 | 112 1.06 [ 1.00 I 0.80
40 T 1.16 1.10 | 104 | 0.85
50 1.23 . 1.18 . 1.13 1.07 1 0.90
75 1.27 1.22 117 112 : 0.98
100 I 1.31 | 1.24 | 1.20 ' 116 ' 1.03
150 1.36 I 1.27 ' 1.24 ' 121 ' 111
200 1.39 | 1.29 ' 1.27 I 1.24 116
NOTE1 InRegion AD, use M; .5 2 for all z £ 100 m in all terrains. For 100 m < 2 £ 200 m, take My -5 a5 1.24 in
all terrains.
NOTEZ Forall other reglons, for intermediate terraing use linear interpolation.
HOTE3 Forintermediate values of height 2, use linear interpolation.

By linear interpolation,

Height of buildingh i 7.62 m
Determination of terrain/height multiplier (Mz,cat) = 0.83
Table 4.1 AS 1170 Part 2

Ms = Shielding multiplier = 1 AS1170 Part 2

Mt=" Topographic multiplier = As per AS.1170.2:2021, Mlee can be
taken as 1.0
Mt=Mh
Mit= Topographic multiplier = 1
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Site Wind Speed

Vsit,p =
V500 =

V25 =

Vr X Md X (Mz,cal X Ms X Mt)
45x1x083x1x1

37.35
I7x1x083x1x1

30.71

Design wind pressure :

p=(0

{.1-.|:. n
(-lfng #
Cﬂm

Phaiir

Cpe =

3 Pmr} I_!'rdn.*ﬁ.BJ: lr-ﬂﬁ:g (-‘d}'u

=1
= Cpe Ky Koo K, K. for external pressures

= (Cy,; K. ;. for internal pressures

= density of air, which shall be taken as 1.2 kg/m’

external pressure coefficient

Cpi = Internal pressure coefficient

Ka =
Kce=
Kci=
Kl=

Kp=

Puls =

Psls =

0.9
0.9

1
1.5
0.9

0.6 X 37.35%2 X (Cfig.e+Cfig,i)

0.6 X 30.7172 X (Cfig.e+Cfig,i)

External wind coeficients

Windward Cg,.= 0.8

Leeward Cpe= -0.5

Sidewall C,.= -0.65

Roof Coe = -1.3 0.6
Windward = Cg.= 0.87

Leeward Chige= -0.55

Side wall Gy = -0.71

Roof Chee = -1.42 -0.66

Wind pressure = =0.6 x 37.35"2/1000 = 0.837 kN/m?

Table 5.2 (A)/(B)/(C) AS-1170 Part 2
Table 5.1 (A) AS-1170 Part 2

Table 5.4 AS-1170 Part 2

Table 5.5 AS-1170 Part 2

Table 5.5 AS-1170 Part 2

Table 5.6 AS-1170 Part 2

Table 5.8 AS-1170 Part 2
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6.3.1.

Wind Load on glass in +Z direction

Wind Load on Glass = 0.837 kN/m? x -1.3(Cpe) = -1.088 kN/m?

(oo sl || *

Load & Definition

=0
SR 17

7

- - -

e

BB

(e e

Definitions
Load Cases Details
1:DEAD LOAD (G)
2 LIVE LOAD (@)
3:WIND LOAD+Z

&

2 FXD.001 FY 0 FZ-1.455kNm

2 FX0.001FY0FZ-3.325kNm

2 FXOFY0FZ-3323kNm

2 FXOFYOFZ-3.285kNm

2 FXDFYOFZ-3.249kNm

2 FXOFYOFZ-3197kNm

2 FXOFYOFZ-3418kNm

&2 FXOFYOFZ-362kNm

2 FXDFYOFZ-3461kNm

2 FXOFYOFZ-3247kNm

2 FXOFYOFZ-3305kNm

2 FX-0.001 FY 0FZ-3318kNm

€2 FX-0.001FYDFZ-1454kNm
4:WIND LOAD-Z
[ 5:EARTHQUAKE LOAD-X
[ 6: EARTHQUAKE LOAD-Z
[ 7:TEMPERATURE
101:135G=+125T
102:12G+15Q+125T
103:12G+WL+Z+06Q+125T
104:09G+WL+Z+125T
105:12G+WLZ+06Q+125T
106:09G+WLZ+125T
107:10G+EQ=X+06Q+125T
108:10G+EQ-X+06Q+125T
109:10G+EQ+Z+06Q+125T
110:10G+EQ-Z+06Q+125T
200:10G=+T

BEEREEEEEE

Load from glaze wall

New...

Add... Edit ...

[JToggle Load

Wind load on Facade

B Load & Definition

Delete...

-

E-E-E-E-E-E-E-E-EE-E
EErdEEREEE
2
o

1:DEAD LOAD (G)
2: LIVE LOAD (@)

=] 3: WIND LOAD+Z

e FX0.001 FY 0FZ-1.455kNm
w2 FX0.001FYOFZ-3325kNm
e® FXOFY0FZ-3.323kNm

B2 FXOFYOFZ-3.285kNm

e® FXOFY0FZ-3.249kNm

e® FXOFY0FZ-3.197kNm

e FXOFY0DFZ-3.418kNm

e® FXOFY0FZ-3.62kNm

e® FXOFYDFZ-3.461kNm

e° FXOFY0FZ-3.247kNm

w2 FXOFYDFZ-3.305kNm

e® FX-0.001 FY 0FZ-3.318kNm
2 FX-0.001 FY OFZ-1.454kNm
4:WIND LOAD-Z

5 : EARTHQUAKE LOAD-X

6 : EARTHQUAKE LOAD-Z
7:TEMPERATURE
101:135G+1.257T
102:12G+150+125T

03 12G+WL+Z+06Q+125T
104:05G+WL+Z+125T
105:12G+WLZ-06Q+125T
09G+WLZ+125T
107:1.0G+EQ+X+06Q+125T
108:10G+EQ-X+060Q+125T
109:1.0G+EQ+Z+06Q+125T
M0 10G+EQ-Z+06Q+1.25T
201:10G+T

BEBEE
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6.3.2.

Wind Load on Glass in —Z direction

Wind load on glass = 0.837 kN/m? x -0.6 (Cpe) = -0.502 kN/m?

EI@ B Load & Definition

[ Definitions
oM

=]

"B nBmBhBBHh®B

2001:10G+T

Load Cases Details
1: DEAD LOAD (G)
2 LIVE LOAD (@)
3: WIND LDAD+Z
4:WIND LOAD-Z

e
FX 0 FY 0 FZ 2.008 kNm
FX O FY0FZ4589kNm
FX 0 FY0FZ4587kNm
FX 0 FY0FZ4538kNm
FXOFYDFZ4.433kNm
FX 0 FY0FZ4.453kNm
FXOFYDFZ4612kNm
FXOFYDFZ4759kNm
FXOFY0FZ4647kNm
FXOFYOFZ451kNm
FXOFYDFZ4574kNm
FXOFY0FZ4584kNm
FX 0 FY 0 FZ2.007kNm

o
)
|
ju
]
=
e
=
m
=
=]
3=
=)

B4

6 : EARTHQUAKE LOAD-Z
7 : TEMPERATURE
101:135G+125T
102:12G+15Q+125T
103:12G+WL+Z+06Q+125T
104:09G+WL+Z+1.25T
105:12G+WLZ+06Q+125T
106:09G+WLZ+125T
107:10G+EQ+X+060+125T
108:10G+EQ-X+06Q+125T
109:10G+EQ+Z+06Q+1.25T
1M0:10G-EQ-Z+06Q+125T

New... Add...

EI@ 8" Load & Definition

Edit ...

Delete...

Definitions

-H
m-&-E-2-EE

N A R N

EEEEEEE
g

(= e e R e R e e R e R e R e R e R

2m
i

Load Cases Details
1:DEAD LOAD (G)
2: LIVE LOAD (@)
3 WIND LOAD+Z

e FXOFY0FZ2008kNm
FXOFY0FZ4589kNm
FX0FY0FZ4587kNm
FXOFY0FZ4538kNm
FXOFY0FZ4493kNm
FXOFY0FZ4453kNm
FXOFYOFZ4612kNm
FXOFY0FZ4753kNm
FXOFY0FZ4647kNm
FAOFYDFZ451kNm
FXOFYDFZ4574kNm
FXOFYOFZ4584kNm
F%0FY0FZ2007kNm
5: EARTHQUAKE LOAD-X
6 : EARTHQUAKE LOAD-Z
7: TEMPERATURE
S135G+125T
102:12G+150=125T
103:12G+WL+Z+06Q+125T
104:09G+WLZ+125T
12G+WLZ+06Q+125T
106:09G+WLZ=125T
107:10G+EQ+X+06Q+125T
108:10G+EQ-X+06Q+125T
109:10G+EQ+Z+06Q+125T
10G+EQZ+06Q+125T
10G+T
202:10G+07Q+T

N

i
=

Load from glaze wall

Design Calculation Report for Glazed Roof
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6.4. EQ: Earthquake Load

EQUIVALENT STATIC METHOD

The horizontal equivalent static shear force (V) acting at the base of the structure (base
shear) in the direction being considered shall be calculated from the following equations:

Earthquake base shear V= CyT)W,
= [C(T)Sy/ ul W,
= [ ZCW TSy kI,
Factors Abbrivi. Value Unit Remarks
Probability Factor K, = 1 - As per Annual probabolity P = 1/500
Hazard factor Z=| 0.08 - As per Sydney location
Spectral time period for T, CuT1)=| 2.08 sec As per class C soil
Structural performance factor S.=| 0.77 - For Steel OMRF
Structural ductility factor n= 2 - For Steel OMRF
Seismic weight of structure W, = 58 kN  [Considering Dead load + 0.3x Imposed load
Horizontal design action coefficient C4(T1)=| 0.0641 - -
Horizontal equivelent static base shear V= 3.7 kN -

6.4.1.

Earthquake Load in X direction

B Load & Definition hed

[D) Definitions "

(L) Load Cases Details

1: DEAD LOAD (G)

2 LIVE LOAD (@)

3: WIND LOAD+Z

4 WIND LOAD-Z
& FX0.358768 kNm
&2 FX0.441393kNm
B2 FX0.431842kNm
&2 FX0.421201 kNm
2 FX0.409855kNm
2 FX0.406507kNm
&2 FX0.404727kNm
&2 FX0.360563kNm
2 FX0.163455 kN m
2 FX0.0235247kNm
2 FX0.0293578kNm
&2 FX0.834774kNm
&2 FX0.211145kNm
&2 FX0.117431 kNm
2 FX 0552221 kNm
2 FX 00912784 kNm
&2 FXD61177kNm
2 FX0.0923681kNm
&2 FX0.618437kNm
2 FX0.89845kNm
&2 FX0.176kNm
e FX0.205kNm
&2 FX0.206kNm
&2 FX0.206kNm
&2 FX0.207kNm
&2 FX0.207kNm
&2 FX0.207kNm v

[-E-E-E-E- 5

MNew... Add... Edit ... Delete...

Earthquake Load in X direction

Design Calculation Report for Glazed Roof
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oad & Definition

BEEE

+- |} Definitions
-I-[I} Load Cases Details

7: TEMPERATURE
101:135G+125T
102:12G+150+1.25T

M3 12G+WL+Z+06Q+1.25T

104:09G+WL+Z+1.25T

05:12G+WLZ+06Q+1.20T

106:09G+WLZ+125T

W7 10G+EQ+X+06Q+1.25T
108:10G+EQ-X+060Q+125T
09:10G+EQ+Z+06Q+1.25T
1M0:10G+EQ-Z+060Q+125T

201:10G+T
202:10G+07Q+T

New...

Load from glaze wall

6.4.2. Earthquake Load in Z direction

=S|I

Add... Edit ...

B Load & Definition

[ER) & - EARTHQUAKE LOAD-Z

e FZ0358768 kNm
R FZ0.441393kNm
g FZ0431842kNm
g FZ0421201kNm
g FZ 0409855 kN.m
g FZ 0406307 kN.m
e FZ0.404727kNm
g FZ 0360563 kN.m

e FZ0.168455kNm
e FZ0.0235247kNm
g FZ0.0293578kNm

e FZ0834774kNm
g2 FZ0211145kNm
g FZ0117431kNm
) FZ0552221kNm
e® FZ 00912784 kNm
g FZOB1TTkNm
g FZ0.0923681 kNm
g FZ0618437kNm
g FZ0.89849kNm
e FXOFYOFZO115kNm
g FXOFYDFZ0236kNm

g FXOFYOFZ0.224kNm

e FXOFY0FZ0221kNm
@ FXOFYOFZ0.219kNm
g FXOFYOFZ0.22kNm

~g® FXOFYOFZO115kNm

Delete...

New...

Earthquake Load in Z direction

Add... Edit ...

Delete...
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8 Load & Definition

Load from glaze wall

Design Calculation Report for Glazed Roof

@-[D Definitions ”
=L Load Cases Details
‘ : DEAD LOAD (G)
: LIVE LOAD (@)
- WIND LOAD+Z
- WIND LOAD-Z
- EARTHQUAKE LOAD-X
2] 6 : EARTHQUAKE LOAD-Z
----- e FXOFr0FZ0115kNm
----- e FXOFY0FZ0.236kNm
----- e FXOFr0FZ0.227kNm
----- e FXOFr0FZ0.226kNm
----- e FXOFYOFZ0224kNm
----- e FXOFYOFZ0221kNm
----- e FXOFYOFZ0.219kNm
----- e FXOFr0FZ0.22kNm
----- e FXOFY0FZ0.222kNm
----- e FXOFY0FZ0.223kNm
----- e FXOFY0FZ0.225kNm
----- e® FXOFY0FZ0.24kNm
----- e FXOFr0FZ0115kNm
- [0 7: TEMPERATURE
@[ 101:135G+125T
2] M02:12G+15Q+125T
2] 103:12G+WLsZ+060+125T
2] 104:09G+WL+Z+125T
2] 105:12G+WLZ+06Q+135T
2] 106:09G+WLZ+125T
G-[0 107:10G+EQ+X+06Q+125T
G-[0 108:10G+EQX+06Q+125T
G-[0 109:10G+EQ+Z+060+125T
-6 1M0:10G+EQZ+06Q+125T
@[ 2001:10G+T
-0 202:10G+07Q+T o
New. .. Add... Edit ... Delete...
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6.5. TL: Temperature Load

Edit : TEMPERATURE

Temperature Change
for Axial Elongation

Temperature Differential
from Top to Bottom

Temperature Differential
from Side to Side (Local £)

Modify

%,

Coi =N geiooi bl | @

w

—
[=)

-
mry

—
4%}

N
R Y

—_—
]

ol KN

>

(o =)

Temperature Load

B Load 8 Definition

Definitions
Load Cases Details
1:DEAD LOAD (G)

m

-

LIVE LOAD {Q)

WIND LOAD+Z

WIND LOAD-Z
EARTHQUAKE LOAD-X
EARTHQUAKE LOAD-Z
TEMPERATURE

e
101:135G+1258T
102:12G+150+125T

EEEEEEE

2
3
4
5
6
e

104:09G+WL+Z+125T

106:09G+WLZ+125T

103:12G+WL+Z+06Q+125T

105:12G+WLZ+06Q+125T

Design Calculation Report for Glazed Roof

o e B e 3 R 1 e s e e e e | =]
AEEEREREREEEREEREE G E R E E
=
(=]
(9]

3

+EQ+X+06Q+125T
+EQX+06Q+125T
+EQ+Z+06Q+125T
+EQ-Z+06Q+125T
+T

+07Q+T
+065WL+Z+06Q =T
<065 WLZ=-06Q+T

Envelopes

Edit ...

Delete...

39




7. LOAD COMBINATIONS
Load combinations as per AS/NZS 1170.0.2002 Structural Design Actions

Design load combinations

101. 1.35G+1.25T
102. 12G+15Q+125T

103. 1.2 G + WL-Z (PRESSURE) + 0.6Q + 1.25 T
104. 0.9 G + WL-Z (PRESSURE) + 1.25 T

105. 1.2 G + WL-Z (SUCTION) +0.6Q + 1.25 T
106. 0.9 G + WL-Z (SUCTION) + 1.25 T

107. 1.0G+EQX +0.6Q+1.25T

108. 1.0 G-EQX+0.6Q+1.25T

109. 1.0G+EQZ+06Q+125T

110. 1.0G-EQZ+06Q+1.25T

Service load combinations

201. 1.0G+10T

202. 1.0G+07Q+10T

203. 1.0 G + 0.65WL-Z (PRESSURE) +0.6 Q + 1.0 T
204. 1.0 G + 0.65WL-Z (SUCTION) +0.6 Q+ 1.0 T
205. 1.0 G + WL-Z (PRESSURE) + 1.0 T

206. 1.0 G + WL-Z (SUCTION) + 1.0 T

207 1.0G+EQX+10T

208 1.0G-EQX+10T

209 1.0G+EQZ+1.0T

210 1.0G-EQZ+10T

Design Calculation Report for Glazed Roof
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8. ANALYSIS & DESIGN RESULTS

8.1. UTILITY CHECK

Below images shows value ranges for utility ratios & colored diagrams to understand

utilization of structural members.

Diagrams
Structure Loads and Results
Force Limits Animation

Result Liilization Ratio

() None

(®) Actual Ratio

(") Nomalized Ratio {Actual/Allowable) 1

Color

(®) Basic Diagram
{_) Detailed Diagram

(=]

Show Values

Scales

Labels

Design Results

Actual Ratio

From

To

Mot Designed

0 1

1 1.5

»1.5

Cancel

Fpply

Help

Utility ratio ranges for detailed diagram
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Below image shows that failed members (i.e., members having utility ratio more than 1) will be highlighted with red colors, if any. It can be seen
from below image that all members are green. Hence, all members have passed in design.
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Detailed colored diagram of utility ratios
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8.2. BEAM NUMBER

1362681680680 608667 685600661663662681680

37735777?7772;?2;77?777?777?1271

544545546547548549550551552 553554555556

140814 419 M24 29 #34 A39 A44 449 454 450 464 469 #74 AT9 484 U89 494 A99 504 509 n14 519

i ) . 4 4 4
764564564464364264164063963863763663563463363263 1630629628627626625

5577 676 675 674 63 612 61 67) 669 668 667 5% 665 6g4 663 662 66) 6g9 699 69§ 657 656 6

41815 120 125 1130 435 440 145 450 455 60 465 470 ATS5 ABD A85 A90 A95 500 505 510 515

41416 421 426 431 436 441 446 451 456 461 466 471 476 481 486 491 496 501 506 511 516 520

425 26, 26 28 2% 36 3b 32 3% 36 3% 36 36 38 3% 40 4% 42, 43, 4% 4% 4 4D

A1R17 422 A27 432 A3T 442 AAT A52 AST 462 AGT AT2 ATT AB2 ABT A92 49T 502 50T 512 H17 521 524

5 ST 52 5% 54 5@ 5& Sy 5% 5396@6‘( 62 6% 64y 6% 6@6‘( 68{)68 ICE 7$
Beam Numbers
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B01 D05 309 B13 BT P21 0325 329 (B33 D37 BA1 (345 D349 353 D357 D61 D65

5

@ 75 767 T 180 190 8k

TH74 379 (384 389 394 D399 A4

51, 52 53, 54, 5% 56 5% 58, 5%, 6k} 61y 62 bk 64) 6%, b 67, 6&) 6% T4y Tk T

41818 423 428 M33 A38 443 A48 453 A58 463 W68 AT3 AT 483 ABB 493 498 503 508 513 H18 522 525 527

369

8 83 84 8% 86 O 848990 91

375 80 385 90 395 400 405

302 06 B10 p14 D18 B22 D26 B30 B34 D38 D42 346 350 354 358 362 D66

132 133 133 135 136 1Z§€ 138 139 14D 143 143 142 143 14D 145 147 1% 143 150 150 152 153 158 1!%

370 376 381 386 (391 P96 401 406

BO3 BOT 311 B15 B19 D23 327 331 (35 B39 343 347 351 355 359 D363 D67

180 18% 182 18% 18

185 157 15 19 16D 18} 162 163 163 185 166 1ab 165 169 170 1% 171 113 174 1% 1/ 1% 1/ 1719

371

B77T 382 (87 D392 D97 402 407

Beam Numbers

92 93 94 95 96 97 98 93 100 101 102 103 104 105 106 107 108 109 110 111 112 113 18,

Load 2|
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8.3. MEMBER DESIGN

For three different type of member property governing member design calculation is given as below:

8.3.1. R2-RHS 200x100x5:

| QQQUO%E_S,H_SJ—
' ¢ R e
[ RL 189.310}: e
| - 3 < HS
[ = e 20k gf;ii::_
( = = 9y
: CECt s 2608 2
| e
[ L 189.267|F—
y - 203/ !
} : A :
] | - w ‘ ; 200x100x5 RHS A RL 189.189
- I ! | RLBLBE
4 | 3
‘ & 200x100x5 RHS i RL 189.114
RL 189.144 = = —
I | I 5 ;
| | 2605
\ | 6771.5
; i ‘ L 189.070 200x100x6 RHS | R 189.030
! : 200x100x5 RHS ar— e T T s
| | — — c ' B
§ ’ | | RL 189.330 =iy Ry 1591;25 it
‘ D | i rL 18937171~
S 5 200x10045 RHS ‘ 2607 R" 0
| = | RL 189298 R 1892841 | R2 |IRL 189.997 200x100¢5 RHS < 'EARL 188.964
z ; = T e e T o RL 189.276] | |
¥ 5
[ RL 189.290 z
8| L6 ) J 2
"L e A 2
w0 w| [RUT89.254 | RL 189.224 (S
o v | ( <
iy o] o ! 8
gl | 3| | RL 189.219 | RL 189.189 | T
3| VAN
2| <] | | RL 189.155
< !
n'\ RL 189.184 | RL 189.1464 || (8°)
) B Ny
=| RL189.135 | | R 1B9ME L —— = S
77 — T ]I RL 189.135
| |

2135

5

213
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Geometry data of Rafter R2:

Beam number

140
02419

Node number

e Analysis results for R2 rafter

Load 0 : Bending £
Moment - kN-m

Governing Bending Moment Diagram — 102-1.2G+1.5Q+1.25T
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s/
...!uullllﬂ'.l!!kum ¥

|||I' Viax

Shear Force(Fy) Diagram Diagram — 102-1.2G+1.50+1.25T

Shear Force(Fz) Diagram Diagram — 102-1.2G+1.50Q+1.25T

m N
A

Axial Force(Fx) Diagram Diagram — 102-1.2G+1.50+1.25T
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Member forces table for Rafter R2:

11 Facade Roof_10-04-2024 - RS _Roller support & member added - Beam End Forces: R2 EI@
\All }, Summary 4 Envelope /
Fx F Fz Mx M Mz
Beam L Node kN K KN kN-m Km kN-m
Max Fx 656 (1081.0G+EQ-X+06Q+125T 124 0.345 -8.320 -5.542 -0.0 5.1 =17
Win Fx 679 (107 1.0G+EQ+X+06Q+125T 30 -0.908 8.941 4.7 0.0 -0.0 0.0
Max Fy 679 (10212G+1.5Q+125T 30 -0.445 13.857 5.192 -0.0 -0.0 0.0
Win Fy 655 (10212G+15Q+125T 55 -0.119 -14.037 -6.523 -0.0 12 3.9
Max Fz 673 (10312G+WL+Z+060Q+125T 30 -0.448 25975 5.346 -0.0 -0.0 0.0
Win Fz 657 (10609G+WL-Z+1.25T 167 -0.067 -2.144 9.234 -0.0 8.3 -1.2
Max Mx| 665 (10409G+WL+Z+125T 160 -0.314 0.269 0.370 0.0 5.0 26
Win Kx 665 (10212G+15Q+125T 160 -0.309 -2.396 0.272 0.0 5.2 =231
Max My| 657 (10609G+WL-Z+125T 167 -0.067 -2.144 5234 -0.0 8.3 -12
Win My 679 |101135G+125T 30 -0.434 8.822 4375 0.0 -0.0 0.0
MaxMz| 655 [10212G+15Q+125T 55 -0.119 -14.037 -6.523 -0.0 12 5.5
Win Mz 667 (10212G+15Q+125T 46 -0.316 0.417 0.551 -0.0 5.1 -23.8
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8.3.2.

Design calculation of — R2 - RHS 200x100x5:
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e Beam no.: 667 - Design calculation for Maximum bending moment

| Y PROPERTIES |
Rbidbbbidd i | IN CM UNIT |
| ¥ |ss=ssss=ss=ssssssssssssssssseee| oo |
|MEMBER 667 * | l AX=8.2836E+2
| * | ST 20@X10eX5.8RHS | --Z AY=0.1980E+2
|DESIGN CODE * | | AZ=8.1800E+2

|A54158 19098 * =============================== P¥=8.1121E+3
| = P7=08.1814E+3
|HHHHHHHHHHHHH Rz:a.?i?EE‘l'j_

| Iw=08.6806E+0

l
l
l
l
l
| * |<---LENGTH (ME= .30 --->| RY=0.4186E+1 |
l
l
| 23.8( KN-METR)
l
l

| PARAMETER | 182FORCE/MOMENT

|IN MNEWTON MM | 21827162 IN KN METRE

B + 2e2r182 0000 -----m--m---- |
KL/R-¥= 7.2 | PNC=8.4842E+3 |
KL/R-Z= 188.4 + fle2r1e2 PNT=8.8933E+3|
UNL = 3@8.1 | pn =-.3163E+8]
MATIN = 188.8 + 21e2 MNZ=8.5713E+2]|
PHI = @.98 | 2182 mnz=-.2376E+2|
FULT = 438.8 + 7182 MNY=8.2437E+2|
FYLD = 358.8 |?1@2 mny=8.5111E+1]
MSF =  1.88 +---4---4---F---dF---d--—do—d--—d- - | VZ =B.1898E+3|
SKT = 1.68 23.6 vz =8.5586E+8|
SKL = 1.88 ABSOLUTE MZ ENVELOPE VY =B8.3591E+3|
SKR = 1.80 (WITH LOAD NO.) vy =B8.4178E+8]
Section Type: Compact - about Z axis; Slender - about ¥ axis

Parameters used to calculate RATIO

l

l

l

l

l

l

l

l

l

l

l

l

l

l

l

l

| N5=8.8453E+3 Msz=8.6348E+2 Msy=8.2788E+2 Mbz=8.6348E+2
| Mrz=8.6348E+2 Mry=8.2767E+2 Moz=8.6348E+2
| Nciz=0.4491E+3 Nciy=8.8453E+3 Ncz=8.4491E+3 Ncy=8.8453E+3
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
|
|

ALPHA,M= B.984 ALPHA,B=-08.580 ALPHA,S5Z= 1.836

MaX FORCE/ MOMENT SUMMARY ( KN-METR)

AXIAL SHEAR-Y SHEAR-Z MOMENT -Y MOMENT -Z

VALUE -8.8 8.8 8.9 5.4 23.8
LOCATION 8.3 8.8 8.8 8.3 8.3
LOADING 1a7 1a2 1ae 1a3 1a2

D D D WO WO WO DN D D0 D0 D0 WO WO JNC JNC D0 D D0 D0 N0 N0 N0 N0 D D0 D0 D0 D0 N0 N0 N0 N0 D0 D0 D0 D0 N0 N0 N0 N0 D D0 D0 D0 N0 N0 N0 N0 D D D D W0 N0 N0 N0 D D D0 D0 D0 N0 N0 N0 DN D0 D D D0 N0 e e

|
|
|
|
|
|
|
|
Vvmy=8.3998E+3 Vvmz=08.21868E+3 |
|
|
|
|
|
|
|
|
|

L

DESIGN SUMMARY ( KNMN-METR)

*|
______________ * |

*|

=

L

= RESULT/ CRITICAL COMD/S RATIO/ LOADING/

= FX MY MZ LOCATION |
= ====================================================== |
= PASS A5-8.3.4 B8.626 162 *|
= 8.32 T 5.1 -23.8 8.38 |

D D D D WO WO WO DN D D0 D0 D0 WO WO JNC JNC D D D D0 N0 N0 N0 N0 D0 D D0 D0 D0 N0 N0 N0 N0 D0 D D0 D0 N0 N0 N0 N0 D D D0 D0 N0 N0 N0 N0 D D0 D D W0 N0 N0 N0 D0 D D0 D0 D0 N0 N0 N0 DN D D0 0 D0 N0 R0 e |
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e Beam no.: 655 - Design calculation for Maximum Shear Force

| AT 3AC AL AT DR R AT DR DR 080 DRC R R
| =
|MEMBER 655 *
| -
|DESIGN CODE *
|as41ee 1908 *
| =
| =
| AT 3AC AL AT DR R AT DR DR 080 DRC R R
|

|

| PARAMETER
|IN  MNEWTOM MM

Ns=8.8453E+3

Section Type:

KL/R-¥= 7.1
KL/R-Z= 188.4
ML = 298.7
MAIN = 188.8
PHI = 8.98
FULT = 438.8
FYLD = 358.8
NSF = 1.e6
SKET = 1.68
SKEL = 1.68
SKR = 1.68

M

Vvmy=8.3998E+3 Vvmz=08
ALPHA,M= 1.533 ALPHA,B=-8.588 ALPHA,57Z= 1.836

|<---LENGTH (ME= 9.30 --->|

5.5( KN-METR)

PROPERTIES

IN CM  UNIT
.2836E+2
.1968E+2
.1868E+2
L1121E+43
.1814E+3
LA4186E+1
LT173E+1
. BB0BE+D

| 2182FORCE/MOMENT

| 2102
+ 21822102
2102

|
+
| 2182?2102
+
|

2182
+ 21822182
| 2102
e e s T S e ]|
1.2
ABSOLUTE MZ ENVELOPE
(WITH LOAD NO.)

Compact - about Z axis;

to calculate RATIO
Msz=8.56348E+2 Msy=8.2708E+2 Mbz=0.6348E+2
Mrz=08.6348E+2 Mry=8.2707E+2 Moz=08.1138E-4
ciz=8.4491E+3 Nciy=8.8453E+3 Ncz=08.4491E+3
.2188E+3

Parameters used

MAX FORCE/ MOMENT SUMMARY {( KMN-METR)

Design Calculation Report for Glazed Roof

IN KN METRE
LABAZE+3
LB033E+3
.3291E+8
L5T713E+2
.8877E+8
L2437E+2
L3182E+1
L1898E+3
.5988E+1
.3591E+3
.8808E+1

Slender - about Y axis

Mcy=8.8453E+3

AXTAL SHEAR-Y SHEAR-Z MOMENT -Y MOMENT -Z
VALUE -8.6 14.8 6.7 3.1 5.5
LOCATION 8.3 8.3 g.a g.a 8.3
LOADING 1a7 162 183 163 1a2
® DESIGMN SUMMARY ( KN-METR) =
® RESULT/ CRITICAL COND/ RATIO/ LOADING/ =
® FX MY MZ LOCATION =
* PASS SLENDERNESS 8.558 188 =
® 8.33 T 3.1 8.9 g.08 =

O D D WO W0 W0 D W0 W0 A0 D W N0 W0 A0 D W W0 N0 N0 D D N0 N0 N0 D D N0 W0 W0 D D N0 W0 W0 D0 D N0 N0 N0 D0 D N0 W0 W0 D0 D N0 N0 N0 S0 D0 D0 N0 N0 D80 D D0 N0 N0 N0 D D W0 W0 80 D D0 N0 W0 a0 e e |




8.3.3. DEFLECTION CHECK

e Deflection

Refer below image shows deflection diagram for governing serviceability load combination
202.1.0G+0.7Q+1.0T.

From above displacement diagram,
Maximum net vertical deflection of member in Y direction =28.5 mm

Permissible Vertical deflection = Span /250 = 7200 mm / 250 = 28.8 mm
Actual maximum Vertical deflection =285mm<288mm....... (Hence, OK)
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8.3.4.

R3 - RHS 200x100x6:

i RL 189.114

RL 188.964

|
: { | RL 189.310}!
| = =R = e e
} ; ‘ ;
i ‘ { RL 189.267 |3
| \ S
§ . A ’ i
— —| - 1 } — RL 189.218
! f | | 3
i B
& | | | #
| \ !
[H | % 200x100x5 RHS |
‘ RL 189.144 3 =
i [ [
| ' 5
| | ems [ T
; ! % ekl 200x100x6 RHS
: 200x100x5 RHS— [ g e —
i | - - bl ot 2L
el RL 189.330 e
3: \ ¢, I 3771 | 4 @
i ( :A ) ] RL 189377777
2 S s/ | [ 200x100x5 RHS Y : 607 -
= RL 180.28aF1 | B4 | IRL 189.997 200x100x5 RHS
: 89 il ERURKRIRD S e
2 ST DI RL 189.276] ||
w0 w
{ - o
‘ % RL 189.224/ |S
e % | St
| 2 | . =
| gl | 03| RL 189.219 | RL 189.189] |
. =4 QL R {
‘ : S il RL 189.155
S >
‘ o RL 189.184 | RL 1891464 || (8°) -
‘ 2| R 5| | R 189148 Lo
| i i |
{

2135

235
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Geometry data of Rafter R3:

Beam number

104 %8

g 2376

Node number

e Analysis results for R3 rafter

""""""

'riil'
Vi

IL"nan I

] """‘"”I"_:w‘ Wi,
Ex Load 0 : Bending Z
Moment - kN-m

Governing Bending Moment Diagram — 102-1.2G+1.50Q0+1.25T
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Max: 0.31 kN
ax: 0.42 kN
ax: 0.57 kN
ax: 0.65 kN
ax: 0.73 kN
o ax: 0.83 kN
=" Max: 1.04 kN
=" Max: 1.22 kN
=" Max: 1.47 kN

Shear Force(Fz) Diagram Diagram — 102-1.2G+1.50Q+1.25T

.20 kN
L]
.01 kN

.01 kN

Axial Force(Fx) Diagram Diagram — 102-1.2G+1.50+1.25T
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Member forces table for Rafter R3:

1 Facade Roof_10-04-2024 - R9_Roller support & member added - Beam End Forces: R3

VAl j, Summary /f Envelope §

Fx F Fz Mx M Mz

LE L ~ELE kN kﬁ kN kN-m kN—Ym kN-m
MaxFx| 71 |10312G-WLsZ+08Q+125T 132 0.01 282 508 0.0 55 a7
MinFx | 72 |10312G-WLsZ+08Q+125T 135 030 281 Ji4.40 0.0 38 09
MaxFy| 48 |10212G=+15Q+125T [ 0.01 14.50 372 0.0 00 0.0
MinFy | 72 |10212G=+15Q+125T 15 020 1351 21530 0.0 ik 0.0
MaxFz| 69 |10809G=WLZ+125T 14 0.01 g5 477 0.0 75 27
MinFz | 72 |10608G=WLZ+125T 135 48 538 36,24 i0 7 i
Max Mx| 62 |10212G+15Q+125T 104 3.0 1ET 0.3 0.0 6.1 563
MinMx | 60 |10408G=WL=Z+125T 100 3.0 e 0.5 Y g5 58
MaxMy| 70 |10608G=WLZ+125T 132 3.0 553 40 i0 9.4 KW
WMinMy | 72 |10312G-WLsZ+06Q+125T 15 020 254 Jid40 0.0 a7 iy
MaxMz| 60 |[10409G=WL=Z+125T 2 0.01 S0z 0.51 00 5B 2.7
MinMz | B0 |10212G+15Q+125T 2 0.01 156 057 0.0 8.0 267
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Design calculation of — R3 - RHS 200x100x6:

8.3.5.

Max. Utilization ratio for beam number 60

58
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| S JSC JC JNC 0 0 JSC JNC SO N0 N0 N0 80
| =
|MEMBER 68
| =
|DESIGN CODE
|AS41688 1998

| =

-

E 3

| =
| AL A T AT A R AT CHC R R R0 R

| PARAMETER

|IN NEWTON MM

| _______________
KL/R-Y= 7.2
KL/R-Z= 181.2
UNL = 3B8.8
MAIN = 188.8
PHI = 6.9g
FULT = 438.8
FYLD = 358.8
MSF = 1.68
SKT = 1.68
SKL = 1.6
SKR = 1.88
Section Type:

Ns=0.1133E+4

Beam no.: 60 - Design calculation for Maximum bending moment

| <---LENGTH (ME=

2182
| 2182

7( KN-

METR)

1182

182

2182

71827182

9.30 --->|

PROPERTIES

IMN CM  UNIT
.3363E+2
.2256E+2
L12868E+2
L1315E+3
L2133E+3
.4142E+1
LF117E+1
.B686E+8

2182 FORCE/MOMENT

21822182
2182

s T T e e e et SR S |

26.1

Compact -

Parameters used

ABSOLUTE MZ ENVELOPE
(WITH LOAD NO.)

about Z axis;

IN KN METRE
.4886E+3
.1B59E+4
.8614E-2
.B718E+2
.2667E+2
L3431E+2
.5058E+1
.2268E+3
.5667E+8
L4264E+3
L1564E+1

Slender - about ¥ axis

to calculate RATIO

Msz=8.7464E+2
Miz=8.7464E+2
MNciz=8.5429E+3
Vumy=8,4738E+3 Vvmz=0.
ALPHA,M= B8.991 ALPHA,B=-8.588 ALPHA,S57= 1.836

Msy=0.
Miy=8.
Mciy=8.

3812E+2
3812E+2
1133E+4
2528E+3

Mbz=8.7464E+2
Moz=8.7464E+2
Ncz=8.5429E+3

MAX FORCE/ MOMENT SUMMARY ( KN-METR)

Ncy=8.1133E+4

AXTAL SHEAR-Y SHEAR-Z MOMENT -Y MOMENT -2

VALUE 8.8 1.8 1.8 6.2 26.7

LOCATION 8.8 8.8 8.8 8.3 8.3

LOADING la2 1a2 1lae 1a3 la2
= DESIGM SUMMARY ( KN-METR) =
= RESULT/ CRITICAL COND/ RATIO/ LOADING/ =
= FX MY MZ LOCATION =
= PASS AS-8.3.4 8.571 162 =
= 8.81 C 6.0 -26.7 e.38 =

!H!!x!x!H!!x!x!H!!x!H!H!!x!H!H!!x!x!!!!H!x!!!!H!x!!!!x!!!!!!x!!!!x!x!!!!x!|
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Beam no.: 72 - Design calculation for Maximum Shear Force

W0 W0 WO WO WO W0 WO WO D e e 0

MEMEER 72 *

DESIGN CODE =

|As41@8 1998 *

-

W0 W0 WO WO WO W0 WO WO D e e 0

PARAMETER
IN  MEWTOMN MM

KL/R-¥= 7.2
KL/R-Z= 181.2
ML = 3@e.a
MAIN = 188.8
PHI = 8.98
FULT = 438.8
F¥LD = 358.8
MSF = 1.86
SKT = 1.86
SKL = 1.86
SKR = 1.86

Section Type:

MNs=08.1133E+4

Msz=08.7464E+2
Mrz=08.7464E+2
Mciz=8.5429E+3 Nciy=8
Vumy=8.4738E+3 Vvmz=08
ALPHA,M= 1.882 ALPHA,B=-8.588 ALPHA,SZ= 1.

Compact - about Z axis;

Parameters used

Y PROPERTIES

| IMN CM  UNIT

============================= | ____________
| AX=0.3363E+2

ST 286X188X6.8RHS | --Z AY=8.2256E+2
| A7=0.1208E+2
=============================== P¥=0.1315E+3
PZ=0.2133E+3

<---LENGTH (ME= 8.38 --->| RY=8.4142E+1
RZI=0.7117E+1

Tw=0.66886E+8

4.8( KN-METR)

| 2182 FORCE/MOMENT

| 21e2 IN KN METRE
+ ez21e2 . emmeemeom s
| 21e2 PNC=8.4886E+3
+ PNT=08.1859E+4
| 2182?7102 pn =-.1777E+8
+ MNZI=8.6718E+2
| ez mnz=-.2578E+1
+ fle2?1e2 MNY=08.3431E+2
| 22@5mny=8.5389E+1
tommdmm—dmm b —do- b -—d--—d---+---| VI =B.2268E+3
-B.2 vz =-.2806E+2
ABSOLUTE MZ ENVELOPE VY =0.4264E+3
(WITH LOAD NO.) vy =-.8448E+1

Slender - about ¥ axis

to calculate RATIO

Msy=08
Mry=8

.3812E+2
.3812E+2
L1133E+4
.252BE+3
836

Mbz=8.7464E+2
Moz=0.7464E+2
Mcz=8.5429E+3

Mcy=8.1133E+4

MAX FORCE/ MOMENT SUMMARY ( KMN-METR)

AXTAL SHEAR-Y SHEAR-Z MOMENT -Y MOMENT -Z
VALUE -8.2 12.5 25.2 7.8 4.8
LOCATION 8.3 8.3 8.8 8.8 8.8
LOADING 163 1a2 166 166 1a2
= DESIGN SUMMARY ( KN-METR) =
= RESULT/ CRITICAL COND/ RATIO/ LOADING/ =
= Fx MY MZ LOCATION =
= PASS SLEMNDERMESS 8.253 1a1l =
= 8.18 T 5.4 -2.6 g.80 =

W0 WO WO WO WO WO WO WO D0 D D D D0 D0 D0 D0 D60 D60 D0 D80 D0 D0 D0 D0 D0 D0 D N0 N0 N0 N0 WO JNC JNC JNC JNC JNC JNC DO WO JNC JNC JNC WO JNC DO D0 D0 D D0 D0 D0 D0 D0 D0 D60 D60 D60 D60 D0 D0 D0 D0 D0 D N0 N0 N0 N0 N0 JEC JEC e e |
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8.3.6. DEFLECTION CHECK

e Deflection

Refer below image shows deflection diagram for governing serviceability load combination
202.1.0G+0.7Q+1.0T.

From above displacement diagram,
Maximum net vertical deflection of member in Y direction =28.2 mm

Permissible Vertical deflection = Span /250 = 7200 mm / 250 = 28.8 mm
Actual maximum Vertical deflection =282mm<288mm....... (Hence, OK)
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8.3.7. R6 - RHS 200x200x5:

|
: { | RL 189.310f.
“ s Sy e ol
} | ‘ ;
i { RL 189.267 |3
; \ e
§ . T , .
L — == f | __RL 189.218}%
! | | |
".
] [ [ :
‘j,i | t 4
| pd | B 200x100x5 RHS A RL 189.114
‘ RL 189.144 3 =
§ [ [ :
e | | 3 :
Il | ems B s ~
| i o l
] RL 189.070k 200x100x6 RHS q{ RL 189.039 i
: 200x100x5 RHS— o e PR S =% [
i ! e o 1 o
g el B ¢ RL 189.3307 ] R 149,525
It . £ Ea i3 | ¥ 1 2| -
i i RL 18437171 b~ | ;
S @ | [200x100x5 RHS S pat o R ’ |
= RL 180.284F1 | F IRL 169997 200x100x5 RHS RL 188.964
: 39.2 il sl lotoh 230 RN, SR ] \ 4
' = = T R 184276] |1 I ;
[Te} w 1
{ - © !
‘ % RL 184224 |S
| g % | ¢ S8
1 B ie) I . = ]
| wl | 98| [R 189219 | RL 184.189] | ;
! 8 VA o ‘ |
‘ ! =] e RL 184155
o~ X -
‘ o RL 189.184 | =
| S
! [
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Geometry data of Rafter R6:

404

405

406 |

407
408

Beam number

A 34

A 345 283

Node number

e Analysis results for R6 rafter

=]

SR Load 0 ; Bending Z
Moment - kN-m

Governing Bending Moment Diagram — 102-1.2G+1.50Q0+1.25T
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Shear Force(Fy) Diagram Diagram — 102-1.2G+1.50+1.25T

Shear Force(Fz) Diagram Diagram — 102-1.2G+1.50Q+1.25T

5.04 kN

20 N
3‘

i T

VT

1410.78 kN
LLE
S0t <

]
wa

Axial Force(Fx) Diagram Diagram — 102-1.2G+1.50+1.25T
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Member forces table for Rafter R6:

11 Facade Roof_10-04-2024 - RS Roller support & member added - Beam End Forces: R6

\ All , Summary 4 Envelope [

Fx F Fz Mx M Mz

Beam Lic Node kN ki kN kN-m ILN-ym kN-m
MaxFx| 402 |10312G+WL+Z+06Q+125T 1 15.16 533 2026 202 7 70
MinFx | 408 |10312G+WL+Z+06Q+125T 346 2383 700 Zi439 oz 118 0.1
MaxFy| 408 |10212G+15Q=125T 346 Z3E0 243 Zi439 s 118 04
MinFy | 404 [10212G+15Q=125T 341 1504 4874 3538 s e 00
MaxFz| 405 |11010G+EQZ+06Q+125T 332 455 Y 333 o3 138 78
MinFz | 404 |11010G+EQZ=06Q+125T 1 1470 208 2028 3 17 4332
MaxMx| 404 [10409G+WL+Z+125T 1 1490 094 2028 200 17 A
MinMx | 404 [10212G+15Q+125T 1 1504 a778 2028 205 17 o4
MaxMy| 404 |11010G+EQZ=060Q+125T 1 1470 208 2028 3 171 4332
MinMy | 404 |[10609G-WLZ=+125T 341 1373 YT 5037 01 45 0.0
MaxMz| 408 |10212G+15Q=125T 346 Z3E0 3543 Zi439 s 118 0.4
MinMz | 406 |10212G+15Q=125T 332 57 383 43 s 138 268
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8.3.8.

Design calculation of R6 - RHS 200x200x5:

Max. Utilization ratio for beam number 406
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| SR JAC 380 C SR DRGSR 0 DR JAC ORC 0 0T
| =
|[MEMBER 486
| =
|DESIGN CODE
|AS418@ 1998
| =
| ES
| 80 JAC 38T 0 D6 DRC AT DAC DR JAC ORC OO OO
|

|

| PARAMETER
|IN  NEWTON MM

KL/R-Y= 16.1
KL/R-Z= 16.1
LML = 1275.8
MAIN = 188.8
PHI = g.9a
FULT = 438.8
F¥LD = 35B8.6
NSF = 1.68
SKT = 1.68
SKL = 1.868
SKR = 1.68

Section Type:

MNs=8.1848E+4

VALUE
LOCATION
LOADING

w

%

w

w

FX

I

:(

-

RESULT/

2.71

N0 D WO A0 D WO WO D WO WO D0 0 N0 R0 D N0 N0 D0 D0 N0 DN D N0 R0 D N0 N0 D 0 N0 DN 0 N0 R0 D N0 N0 D 0 N0 e N0 R0 W N0 N0 0 N0 D N0 R0 W N0 N0 W 0 N0 R0 N0 R0 e N0 D0 e e N0 D e e |

Beam no.: 406 - Design calculation for Maximum bending moment

|<---LENGTH (ME= 1.28 ---»
26.8( KN-METR)
|
|
+
| 2102
+ 2102
| 2182
+ 2102
| 2182
+ 2102
12182

182
21822182
2182

e e S e et |

21.1

ABSOLUTE MZ ENVELOPE
(WITH LOAD NO.)

Slender - about Z axis;

Msz=08.6566E+2
Mrz=08.6552E+2
Nciz=8.1842E+4
Vvmy=8.3998E+3 Vvmz=08
ALPHA,M= 1.882 ALPHA,BE=-8.588 ALPHA,5Z= 1.835

Parameters used

PROPERTIES

IN €M UNIT
.3836E+2
AY=8.1968E+2
AZ=0.2868E+2
P¥=0,2780E+3
PZ=0.2789E+3
Ry=08.7926E+1
RZI=0.7926E+1
Tw=0.86868E+8

FORCE/MOMENT
IN KN METRE
.9388E+3
.1288E+4
L2713E+4]
.5016E+2
.2682E+2
.SO18E+2
LA27T7E+2
.378BE+2
L4272E+8
.3591E+3
.3627E+1

Slender - about ¥ axis

to calculate RATIO

.6566E+2
.6552E+2
.1842E+4
L4288E+3

Mbz=8.6566E+2
Moz=8.6552E+2

Mcz=8.1842E+4 N

MAX FORCE/ MOMEMT SUMMARY { KM-METR)

AXIAL SHEAR-Y
-2.7 4.9
1.2 8.8
1a3 l1e2

T

SHEAR-Z
@.4
g.a
leg

DESIGN SUMMARY ( KM-METR)

CRITICAL CONDS
MY

12.8

RATIO/
MZ

-26.8

cy=0.1642E+4

N0 D WO A0 D WO WO D WO WO D0 0 N0 R0 D N0 N0 D0 D0 N0 DN D N0 R0 D N0 N0 D 0 N0 DN 0 N0 R0 D N0 N0 D 0 N0 e N0 R0 W N0 N0 0 N0 D N0 R0 W N0 N0 W 0 N0 R0 N0 R0 e N0 D0 e e N0 D e e

MOMENT -¥ MOMENT-Z
12.8 26.8
1.2 1.2
lag 1a2
LOADING/ =
LOCATION =
1@2 =
1.28 =
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| R0 JAC JAC AT DD DRC D8C AT D0 DR JAC RC OO
| =
|MEMBER 488
| E
|DESIGN CODE
|AS4168 1908
| E
| =
| W JAC J8C A0 C D8 J8C RC R0 D8 JAC JRCORC
|

|

| PARAMETER

|IN  NEWTON MM

[ ——
KL/R-Y= 2.5
KL/R-Z= 2.5
UML = 266.8
MAIN = 186.6
PHI = 6.98
FULT = 438.6
FYLD = 358.6
MSF = 1.88
SKT = 1.86
SKL = 1.66
SKR = 1.68
section Type:

Ns=8.1848E+4

|<---LENGTH (ME=

4.1( KN-

— — e —

+2102
| ?285

e s s SR S

-8.2

Slender -

METR)

@.20 --->|

1182

182

2182
2182

2182

ABSOLUTE MZ ENVELOPE
(WITH LOAD NO.)

about 7 axis;

5

Beam no.: 408 - Design calculation for Maximum Shear Force

PROPERTIES
| IN CM  UNIT

.3836E+2
.1988E+2
.2088E+2
.2789E+3
L2789E+3
L7926E+1
LF926E+1
.BBBBE+D

2182 FORCE/MOMENT
IN KM METRE

L9431E+

2182
21827182

.2358E+
.5O1BE+
LABB8E+
.5918E+
.BO71E+
.3788E+
L1429E+
.3591E+
vy =B8.2222E+

lender - about ¥ axis

Parameters used to calculate RATIO

Msz=0.6566E+2
Mrz=08.6439E+2
Mciz=6.1848E+4

Msy=6.6566E+2
Mry=68.6439E+2
Nciy=8.1843E+4
Vumy=8.3998E+3 Vvmz=0.4280E+3

ALPHA,M= 1.937 ALPHA,B=-8.588 ALPHA,SZ= 1.

Mbz=8.6566E+2
Moz=8.6439E+2
Mcz=8.1848E+4 MNcy=0.16843E+4

@39

MAX FORCE/ MOMEMT SUMMARY { KN-METR)

AXIAL SHEAR-Y SHEAR-Z MOMENT -Y MOMENT-Z
VALUE -23.5 22.4 14.3 11.8 4.1
LOCATION 8.2 8.8 8.8 8.8 a.2
LOADING 183 162 169 118 162
= DESIGM SUMMARY { KMN-METR)
= RESULT/ CRITICAL COND/S RATIO/ LOADING/
= Fx MY MZ LOCATION
= PASS AS-8.3.4 B8.246 182
= 23.58 T 9.8 -4.1 8.28

3

.1208E+4 |

2|
2|
1|
2|
1|
3
2|
3
2|

=
*|
*|
*|
*|
*|

*|

R0 A0 380 S0 30 D80 D0 D0 A0 OO D0 DA DT DA AT DA DA S0 A0 D80 ST S0 ST ST ST ST DT OO D DT DT JAC AT DAC AT S0 DA ST S0 D80 ST JNC DD JNC DD S0 DT ST DA AT DAC AT AT DA AT DAC JAC ST DAC JSD ST ORC JSC D80 DD DD RO DT DA RO DR JRC R R0 |
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8.3.9. DEFLECTION CHECK

e Deflection

Refer below image shows deflection diagram for governing serviceability load combination
202.1.0G+0.7Q+1.0T.

5.1.

1.2 mm

From above displacement diagram,
Maximum net vertical deflection of member in Y direction =10.1 mm

Permissible Vertical deflection = Span /250 = 5100 mm / 250 = 20.4 mm
Actual maximum Vertical deflection =10.1mm <204 mm ....... (Hence, OK)
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8.4. SUPPORT REACTION

Refer below image showing supports.

38

:
o
%
2
g
2

o
P
oy

3 B8 188 56 57 58 59 60 <36

i, 29

£ 1 8
2 280

Supports with Node Numbers
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SUPPORT REACTIONS FOR ULS LOAD COMBINATIONS:

Node L/C Force-X kN Force-Y kN Force-Z kN

8 101 0 7.57 20.46
102 0 9.77 15.75

103 0 4.27 14.86

104 0 1.37 16.75

105 0 6.25 23.71

106 0 3.35 25.59

107 0 6.82 18.58

108 0 6.82 18.57

109 0 6.82 18.49

110 0 6.82 18.65

9 101 0 9.32 2.74
102 0 14.5 3.71

103 0 3.25 3.89

104 0 -1.31 3.51

105 0 7.3 2.07

106 0 2.74 1.68

107 0 9.39 3.13

108 0 9.39 3.13

109 0 9.39 2.62

110 0 9.39 3.64

15 101 -0.13 9.14 3.83
102 -0.13 14.34 2.64

103 -0.13 3.11 2.42

104 -0.13 -1.41 2.89

105 -0.13 7.15 4.65

106 -0.13 2.63 5.12

107 -1 9.26 3.35

108 0.74 9.26 3.35

109 -0.13 9.26 2.98

110 -0.13 9.26 3.72

16 101 0 8.91 2.41
102 0 14 3.24

103 0 2.99 34

104 0 -1.42 3.07

105 0 6.96 1.84

106 0 2.54 1.5

107 0 9.03 2.74

108 0 9.03 2.75

109 0 9.03 2.27

110 0 9.03 3.21

22 101 -0.04 8.67 -0.46
102 -0.02 13.8 0.63
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103 -0.01 2.78 0.84
104 -0.02 -1.58 0.4
105 -0.06 6.75 -1.22
106 -0.07 2.38 -1.66
107 -0.86 8.86 -0.03
108 0.8 8.86 -0.02
109 -0.03 8.86 -0.51
110 -0.03 8.86 0.46
23 101 0 8.6 2.9
102 0 13.53 3.73
103 0 2.89 3.89
104 0 -1.38 3.56
105 0 6.72 2.32
106 0 2.45 1.99
107 0 8.73 3.23
108 0 8.73 3.23
109 0 8.73 2.78
110 0 8.73 3.69
29 101 -0.15 8.56 -32.09
102 -0.2 13.59 -14.25
103 -0.2 2.77 -10.9
104 -0.19 -1.53 -18.02
105 -0.12 6.67 -44.38
106 -0.1 2.37 -51.5
107 -0.98 8.74 -24.98
108 0.64 8.74 -24.92
109 -0.16 8.74 -26.46
110 -0.17 8.74 -23.43
30 101 0 8.8 4.37
102 0 13.81 5.2
103 0 2.97 5.35
104 0 -1.38 5.02
105 0 6.87 3.81
106 0 2.52 3.48
107 0 8.91 4.69
108 0 8.91 4.71
109 0 8.91 4.3
110 0 8.91 5.11
36 101 -0.39 0.91 7.13
102 -0.39 1.09 7.34
103 -0.39 0.58 7.39
104 -0.39 0.27 7.3
105 -0.39 0.76 6.98
106 -0.39 0.45 6.89
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107 -1.97 0.79 7.25
108 1.18 0.79 7.18
109 -0.39 0.79 7.03
110 -0.39 0.79 7.4
37 101 0.11 0.58 -7.4
102 0.14 0.74 -1.8
103 0.14 0.33 -0.73
104 0.21 0.12 -2.97
105 0.14 0.48 -11.27
106 0.21 0.26 -13.51
107 -2.49 0.52 -5.09
108 2.86 0.52 -5.22
109 0.18 0.52 -5.51
110 0.18 0.52 -4.81
38 101 0 0.65 10.17
102 0 0.85 11.97
103 0 0.37 12.32
104 0 0.11 11.6
105 0 0.54 8.92
106 0 0.29 8.2
107 0 0.59 10.89
108 0 0.59 10.9
109 0 0.59 10.75
110 0 0.59 11.03
50 101 0 2.23 0
102 0 3.23 0
103 0 0.98 0
104 0 -0.02 0
105 0 1.79 0
106 0 0.79 0
107 0 2.15 0
108 0 2.15 0
109 0 2.15 0
110 0 2.15 0
51 101 0 1.9 0
102 0 2.77 0
103 0 0.82 0
104 0 -0.04 0
105 0 1.52 0
106 0 0.67 0
107 0 1.84 0
108 0 1.84 0
109 0 1.84 0
110 0 1.84 0
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52 101 0 1.99 0
102 0 2.89 0
103 0 0.86 0
104 0 -0.04 0
105 0 1.59 0
106 0 0.7 0
107 0 1.92 0
108 0 1.92 0
109 0 1.92 0
110 0 1.92 0
53 101 0 1.96 0
102 0 2.85 0
103 0 0.84 0
104 0 -0.03 0
105 0 1.57 0
106 0 0.69 0
107 0 1.9 0
108 0 1.9 0
109 0 1.9 0
110 0 1.9 0
54 101 0 1.95 0
102 0 2.83 0
103 0 0.84 0
104 0 -0.03 0
105 0 1.56 0
106 0 0.68 0
107 0 1.88 0
108 0 1.88 0
109 0 1.88 0
110 0 1.88 0
56 101 0 -6.15 -1.32
102 0 -10.4 -0.68
103 0 -1.49 -0.46
104 0 1.85 -0.76
105 0 -4.69 -1.7
106 0 -1.36 -2
107 0 -6.53 -1.1
108 0 -6.53 -1.1
109 0 -6.53 -1.14
110 0 -6.53 -1.05
57 101 0 4.03 4.3
102 0 5.7 7.18
103 0 1.88 7.78
104 0 0.14 6.6
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105 0 3.25 2.35
106 0 1.51 1.17
107 0 3.83 5.43
108 0 3.83 5.43
109 0 3.83 5.31
110 0 3.83 5.55
58 101 0 2.2 0.31
102 0 2.79 4.7
103 0 1.27 5.52
104 0 0.45 3.77
105 0 1.82 -2.71
106 0 1 -4.46
107 0 1.96 2.06
108 0 1.96 2.08
109 0 1.96 1.62
110 0 1.96 2.52
59 101 0 2.54 -0.05
102 0 3.37 4.37
103 0 1.36 5.2
104 0 0.36 3.43
105 0 2.09 -3.11
106 0 1.08 -4.87
107 0 2.33 1.71
108 0 2.33 1.73
109 0 2.33 1.48
110 0 2.33 1.96
60 101 0 2.81 -18.31
102 0 3.64 -14.49
103 0 1.57 -13.77
104 0 0.49 -15.3
105 0 2.32 -20.94
106 0 1.24 -22.46
107 0 2.54 -16.79
108 0 2.54 -16.77
109 0 2.54 -16.99
110 0 2.54 -16.57
61 101 0 1.86 0
102 0 2.69 0
103 0 0.82 0
104 0 -0.01 0
105 0 1.49 0
106 0 0.66 0
107 0 1.79 0
108 0 1.79 0
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109 0 1.79 0
110 0 1.79 0
62 101 0 1.88 0
102 0 2.71 0
103 0 0.83 0
104 0 0 0
105 0 1.51 0
106 0 0.67 0
107 0 1.81 0
108 0 1.81 0
109 0 1.81 0
110 0 1.81 0
63 101 0 1.93 0
102 0 2.8 0
103 0 0.85 0
104 0 -0.02 0
105 0 1.55 0
106 0 0.69 0
107 0 1.86 0
108 0 1.86 0
109 0 1.86 0
110 0 1.86 0
64 101 0 1.95 0
102 0 2.82 0
103 0 0.85 0
104 0 -0.01 0
105 0 1.56 0
106 0 0.69 0
107 0 1.88 0
108 0 1.88 0
109 0 1.88 0
110 0 1.88 0
65 101 0 1.87 0
102 0 2.72 0
103 0 0.82 0
104 0 -0.02 0
105 0 1.5 0
106 0 0.66 0
107 0 1.81 0
108 0 1.81 0
109 0 1.81 0
110 0 1.81 0
66 101 0 2.14 0
102 0 3.06 0
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103 0 0.97 0
104 0 0.04 0
105 0 1.72 0
106 0 0.79 0
107 0 2.05 0
108 0 2.05 0
109 0 2.05 0
110 0 2.05 0
188 101 0 18.17 -0.42
102 0 28.12 8.52
103 0 6.47 10.24
104 0 -2.35 6.65
105 0 14.26 -6.56
106 0 5.44 -10.16
107 0 18.25 3.11
108 0 18.25 3.17
109 0 18.25 1.97
110 0 18.25 4.3
280 101 0 2.16 4.09
102 0 2.85 4.09
103 0 1.16 4.09
104 0 0.31 4.09
105 0 1.77 4.09
106 0 0.92 4.09
107 -0.12 1.97 4.09
108 0.12 1.97 4.09
109 0 1.97 3.97
110 0 1.97 4.2
334 101 -17.97 1.69 8.15
102 -17.95 2.46 8.15
103 -17.95 0.72 8.15
104 -17.95 -0.04 8.15
105 -17.98 1.35 8.15
106 -17.99 0.59 8.15
107 -18.39 1.63 8.15
108 -17.53 1.63 8.15
109 -17.97 1.63 8.06
110 -17.96 1.63 8.24
341 101 15.46 14.61 19.79
102 15.46 19.95 20.58
103 15.46 7.35 20.73
104 15.46 1.31 20.41
105 15.46 11.89 19.24
106 15.46 5.85 18.92
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107 14.84 13.61 20.1
108 16.08 13.61 20.11
109 15.46 13.61 18.6
110 15.46 13.61 21.61
343 101 0 1.01 8.03
102 0 1.33 8.03
103 0 0.55 8.03
104 0 0.15 8.03
105 0 0.83 8.03
106 0 0.43 8.03
107 -0.09 0.92 8.03
108 0.09 0.92 8.03
109 0 0.92 7.94
110 0 0.92 8.12
346 101 -15.35 16.05 0
102 -15.34 22.76 0
103 -15.34 7.4 0
104 -15.34 0.44 0
105 -15.36 12.93 0
106 -15.36 5.97 0
107 -16.25 15.29 0
108 -14.45 15.29 0
109 -15.35 15.29 0
110 -15.34 15.29 0
348 101 0 3.28 -15.56
102 0 4.03 -15.56
103 0 2.02 -15.56
104 0 0.84 -15.56
105 0 2.74 -15.56
106 0 1.57 -15.56
107 0 2.88 -15.56
108 0 2.88 -15.57
109 0 2.88 -15.58
110 0 2.88 -15.54
349 101 0 1.53 1.46
102 0 1.71 1.46
103 0 1.07 1.46
104 0 0.59 1.46
105 0 1.3 1.46
106 0 0.82 1.46
107 0 1.27 1.46
108 0 1.27 1.46
109 0 1.27 1.47
110 0 1.27 1.45
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350 101 0 1.85 -1.74
102 0 2.08 -1.74
103 0 1.28 -1.74
104 0 0.7 -1.74
105 0 1.57 -1.74
106 0 0.98 -1.74
107 0 1.55 -1.74
108 0 1.55 -1.74
109 0 1.55 -1.74
110 0 1.55 -1.74
351 101 0 1.77 -7.37
102 0 1.99 -7.37
103 0 1.24 -7.38
104 0 0.68 -7.37
105 0 1.51 -7.37
106 0 0.95 -7.37
107 0 1.48 -7.37
108 0 1.48 -7.37
109 0 1.48 -7.36
110 0 1.48 -7.38
352 101 0 1.48 -29.25
102 0 1.42 -29.24
103 0 1.23 -29.24
104 0 0.86 -29.24
105 0 1.3 -29.26
106 0 0.93 -29.27
107 0 1.14 -29.25
108 0 1.14 -29.25
109 0 1.14 -29.3
110 0 1.14 -29.2
375 101 2.46 13.46 14.15
102 2.46 19.06 14.15
103 2.46 6.22 14.15
104 2.46 0.39 14.15
105 2.46 10.84 14.15
106 2.46 5.01 14.15
107 1.9 12.81 14.15
108 3.02 12.81 14.15
109 2.45 12.81 12.99
110 2.46 12.81 15.31
378 101 15.72 8.93 0
102 15.71 12.66 0
103 15.71 4.12 0
104 15.72 0.24 0
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105 15.73 7.19 0
106 15.74 3.32 0
107 15.1 8.5 0
108 16.34 8.5 0
109 15.73 8.5 0
110 15.71 8.5 0
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9. CONNECTION DESIGN

9.1. CONNECTION-1_ Connection design of Extrusions

Part-1
» |12 sls scrsws @ Be0 ¥ MANV
SERLTWSE &S ot =
i ey 33 ot /l__j 1 VSMQ.&_ SwaL.
==Y —
% SE 4 e
ZL_., Q_xésl’wuvt\__ — i DO /

", W///Q———‘%'m)t.xunm. STRPIH
o SR R, Figedis T

AT ee 1L

; Ko Top eF
T \NR&CX\EI\%(L\X%»

Maximum Wind pressure on Glass = 1.088 kN/m?

UDL on frame due to wind load =1.088 kN/m? x 1.2m
=1.306 kN/m

C/C distance between two screws =300mm

Maximum pullout on one screw = 1.306 kN/m x 0.3m
=0.39 kN

Pull-out capacity of 8G head self-drilling screw = 2.3 kN to 9.5 kN

Hence, Provided 8G screws are safe in pullout.
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TECHNICAL DATA SHEET:

UNDERCUT 8G HEAD SELF DRILLING SCREWS

ZINC PLATED

Undercut scraws have a flat undarzide surface unlike conventional countarsunk scraw head types — this is designed
to fix metal hinges or metal plates =acuraly through a courtarsink hobe, Thig offers bettar nstallation than a standard
countersunk head as the flat underside sits hard up against the surfaca.

Thezs B head diametar type offered by Alfaztanars feature a smalker heard on a heavier 10g 2aff drilling screw thraad,

—

Sgmge :4}
{6 S

1~

l-‘i— largth ——=

I
I

» lengthes 16mm and 20mm
* phillpe drive Nl b b
« salf ol pint no.3 ‘! ==
v carbon stesl heat treated 1o ASI565.1
» glectroplated dnc
Cill
Threads Diriver Capacity
109 16 P2 0.75 - 2.5mm
CHARACTERISTICS

MECHAMICAL PROPERTIES

Single Shear (M) Axial Tenaika (M) Torsional Strength (Mm)
10g-16 5700 12100 B4

PULL COUT DATA (ki) G450 Stasl

1.5mm 1.8mm 3.2mm
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Part-2

»

\Z sls scasos @ Deo eF3MAY

TEAL TWS &S o g
AL e o [ .
Z'T‘:‘l"?w\t“ a:x %f e iy
% P | 5 Y -
Zrk Q_xésl’wu\ba\ :;.-\‘i é D D40 bg
(% ' l / {//Q——?Mmm UL e
R S T =l s’ ]| Sem eve At T |
% «&o exs | ) ,_I@?_—"}?"‘P‘ AT oo 1L
LY. (4 '
g 1= 1— Ko Top o+
= B e
Maximum Wind pressure on Glass = 1.088 kN/m?
UDL on frame due to wind load =1.088 kN/m? x 1.2m
=1.306 KN/m
C/C distance between two screws =300mm
Maximum pullout force = 1.306 kN/m x 0.3m
=0.39 kN

Pullout force on single bolt =0.195 kN
Pull-out capacity of 8G head self-drilling screw = 2.3 kN to 9.5 kN
Hence, Provided 8G screws are safe in pullout.
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9.2. CONNECTION-2_ 100x50x3 Aluminium RHS to 200x100x5 Steel Member

Part-1
e L @)
— oy 1 SWond
;Zmu
e
SEM ov e
7
bkl PN pgo.
2[15\s setbs | Y——
@ 4o S ! |z 7 —
EAe: N -l — — = =
L ! |
[ 7 b .
\eMemS AT 0010, | ALToown
)\ _ ——— 1 — o SUiT
7 2 7717 — N
ST g we | L — T
of R»«H'V":L/
I et
-t \co XS0 %3
Qa Fran
&
Lowe PU - S0 ka
DeTaw
Paunt sew
Fra A VRIvN L RoAD O mATTR
LRNS, q‘ h RAETERS

— From analysis results, maximum governing end force is

Fx= 9.771 kN
Fy = 0.272 kN
Fz= 0.126 kN

— PART-1

—* SHEAR CHECK
Resultant shear force= V(Fy’s FZ%) = 0.299767 kN
Mumber of screws provided (n) = 2 Mos.
Shear force to beresisted per screw = 0.149883 kN
Shear capacity of 8G hear self drilling screws = 3.f kM

Hence, provided screws is safe in shear

— PULLOUT CHECK
Axial force = 9.771 kN
Mumber of screws provided (n) = 2 Mos.
Axial force to be resisted per screw = 4.8855 kN
Pullout capacity of 8G hear self drilling screws = 95 kM

Hence, provided screws is safe in Pull-out
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— COMBINE SHEAR & TENSIOM CHECK

2

2 .
Vi Nt
) 4 = 1.0
('fP"' r) (¢N1f)

2
0.1 n 4.9
5.7 9.5

2

j -

Hence, Safe in combine shear and Tension effects

— CHECK FOR PLY

0.2652

Ply in bearing subjected to design bearing force due to screw in shear

Vp* <= dxVy
where & = Capacity factor

Vy, = Mominal Bearing capacity of ply

Diameter of screw (dg) =
Thickness of ply (i) =
Tensile strength of ply () =

Minimum distance from edge of hole to edge of ply (a.) =

Mominal Bearing capacity of ply Vg
V=32 xdixtynfy,
= 19.4432 kN

Mominal Bearing capacity of ply V-
I'ullb* <= q} X \l.l'rb

3.7 < 11.16

Hence, Ply Safe in Shear

Vp=agxtyxfy,

124

124

kN

=

4.9

310

10

mm
mm
MPa

mm
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Part-2

o e, (@
le=a ] SWond
l )/mv
_E‘:u:, : /R
SEAL 0L & :
M@%“% =00 vao
,2/_(1?{5\; N R = =
@ ySo S ! \‘A\, //
B3 Bl gty
(RYSSTTN ‘7 4 Mxoo\o, | ALy oow
}‘ ——— [ < —Bar o o
Pl Evd - .
— — Tex T -
il @
T £x5 ou
I Wt 4 —-‘ﬁ(\ \coxSo%3
Lowe fU gOQq«ﬁi R
Deaw .
A
S 2
et 9 @P Wiy
— PART-2
— SHEAR CHECK
Resultant shear force= "u'r{szi- Ff} = 9.774785 kN
Mumber of screws provided (n) = 2 Mos.
Shear force to be resisted per screw = 4.887393 kN
Shear capacity of 8G hear self drilling screws = 5.7 kN

Hence, provided screws is safe in shear

—» CHECK FOR PLY

Ply in bearing subjected to design bearing force due to screw in shear

Vb* <= CIJ X "l.l'rb
where ¢ = Capacity factor
Vy, = Nominal Bearing capacity of ply

Diameter of screw (de) = 4.9
Thickness of ply (1) = 4

Tensile strength of ply (f) = 310
Minimum distance from edge of hole to edge of ply (a.) = 10

Mominal Bearing capacity of ply Vg

Vp=32 xdixtpxfy, Wp=a-xtyxfy

= 19.4432 kN

Mominal Bearing capacity of ply Vi=
"u"h* <= d}va

5.7 < 11.16

Hence, Ply Safe in Shear

124 kN

124

mim
mim
MPa

mim
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9.3. CONNECTION-3_ 100x50x4 to 200x100x5
Part-1

650 o/a 3..Thr FuaT, L

1

-Jf\o ‘3:./1.@.'»4‘
f 4

Bl
((\UbT'\

AN

L~ \LM?
+

l[oox Sox (-6 RAres

=

LS’oL

sty

CONMECTION 3
— From analyss results, maximum governing end force B

Fx= 15589 kM

Fy = 0.335 kN

Fz= 0.161 kM
= PART-1

— SHEAR CHECK
Resultant shear force= ‘I.Ir[F1|,r2+ Ff] =

Mumber of screws provided (n) =

Shear force to be resisted per screw =

Shear capacity of BG hear self drilling screws

_psel

0369878 kN

2 Mos.

0.18453% kN
5.7 kM

Hence, provided screws & s3e in shear

— PULLOUT CHECK
Axial force
MNumber of screws provided (n)
Axial forceto be resisted per screw
Pullout capacity of 8G hear self driling screws

15585 kN

2 os.

77545 kN
9.5 kM

Hence, provided screws & sae in Pulkout

— COMBINE SHEAR & TEMSION CHECK

X 2
Vi N
(‘W:r) I (ﬂJ-Tir) = 1.0
] -

z
0.2 + 7B
5.7 4.5

0.6742

Hence, Safe in combine shear and Tension effects

waow 3 ANG e SRS

<= 1
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— CHECK FOR PLY
Py in bearing subjected to desien bearing force due to sorew in shear

W,* == dxVy
where ¢ = Capacity factor
V.= Nominal Bearing capacity of ply

Diameter of screw (d;) = 49
Thicknessof ply (t,) = 4

Tensile strength of ply (f,.)= 310
Minimum distance from edge of hole to edge of ply (a.) = 10

MNominal Bearing capacity of ply V',

Veo=32xdext xf,, Vi=axt,xf,,
= 194432 kN 124 kM
Maominal Bearing capacity of ply V, _ 124
Vi® <= dxuVy
57 < 1116

Hence, Ply Safe in Shear
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- PART-2
— SHEAR CHECK
Resultant shear force=

Mumber of screws provided (n)

‘l.l’I:F:-c2+ F1,.r2] =

Shear force to be reseted per screw
Shear capacity of 8G hear seff drilling screws

Check theshear design

— CHECK FOR PLY

1559256 kN
2 Mos.

7796278 kN
57 kM

P by in bearing subjected to design bearing force due to screw in shear

V,* = duVy

where & = Capacity factor

W, = Nominal Bearing capacity of ply

Diameter of screw (d.) =
Thiknessof ply (t,)=
Tensile strength of ply [f,.)=

Minimum distance from edge of hole to edge of ply (3.) =

Mominal Bearing capacity of ply V,,
Vo= 3 2xdixi,xf,,
= 19,4432 kN

Mominal Bearing capacity of py \,
Vo® <= bV
5.7 < 11.16

Hence, Ply Safe in Shea

Vo= g utynfy,
124

r

Design Calculation Report for Glazed Roof

49 mm
4 mm
310 MFa
10 mm

kM

89




9.4. CONNECTION-4_ 100x50x3 Aluminium RHS to 200x100x5
Part-1

x looyS |
M, Aekmd

doox \oox S
R.as

. L
Tien  Dowwfee 9od

- From analyse results, maximum governing end force &

Fx= 18685 kN
Fy= 0.342 kM
Fz= T.BB6 kM

- PART-1

— SHEAR CHECK
Resultant shear force= VIFy'+ F') = 7.893412 KN
Mumber of screws provided (n) = 4 Mos.
Shear force to be reseted per screw = 1.873353 kM
Shear capacity of 85 hear self drilling screws = 57 kM

Hernice, provided screws & sae in shear

= PULLOUT CHECK
Axial force = 18685 kN
Mumber of screws provided (n) = 4 Mos.
Axial forceto be resisted per screw = 4 67125 kN
Pullout capacity of BG hear self driling screws = 495 kM

Hence, provided screws & sae in Pulbout
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— COMBIME SHEAR & TEMSION CHECK

2

r ]
Vi Ne \
( Mr) ; ( er) = 1.0

A i
20 " 47 = 0.3616
57 g5

Hence, Safe in combine shear and Tension effects

— CHECK FOR PLY
Fly in bearing subjected to design bearing force due to screw in shear

W 2= by
where & = Capacity factor
V,= MNominal Bearing capacity of ply

Diameter of screw (d.) =

Thicknessof ply (t,)=

Tens=ille strength of ply (f )=

M inimum distance from edege of hole to edge of ply (a.) =

Mominal Bearing capacity of ply V,

Wo=32udyxt uf VWo=autuf,
= 31.8872 kN 204 kM
Mominal Bearing capacity of ply V. 204
W,* = @RV
5.7 < 1B.36

Hence, Ply Safe in Shear
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Part-2

e 139 goo

e

f doox looyS |
A0S, Ak

— PART-2

—+ SHEAR CHECK
Resultant shear force= ViE'+ Fy') = 18.68813 kN
Number of screws provided (n) = 4 Mos.
Shear force to be ressted per screw = 4 672032 kN
Shear capacity of BG hear self drilling screws = 57 kM

Hence, provided screws & sa'e in shear
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— CHECK FOR PLY
Ply in bearing subjected to design bearing force due to screw in shear

V.= <= duly
where i = Capacity factor
V.= Nominal Bearing capacity of ply

Diameter of screw (d,) = 44
Thicknessof ply (t,)= 4

Tensie strength of ply [f,.) = 310
Minimum distance from edge of hole to edge of ply (a.) = 10

Mominal Bearing capacity of py

V=3 2udixt,xf, V= axtxf,,
= 194432 kN 12.4 kM
Mominal Bearing capacity of py V| 124
Vo* <= duly
5.7 < 11.16

Hence, Ply Safe in Shear

mm
mm
MFPa

mm
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9.5. CONNECTION-5_ Detail F ~

[T
Check for Bolt
20 foleo et = B
Fx =5.245 kN (St t00cionis WELDED— 4|
Fy =10.011 kN i 2000 | TG B0 PUTE
Fz = 2.259 kN L
10e \ Tm—' < ‘

Tension force in bolts due to Fy =10.011 KN/ 4 Nos. S o,

=251kN 2
Moment due to Fx =5.245 kN x 0.15m

=0.34 kN.m
Tension force on bolt due to moment = 0.34kN.m/0.1m A F

=3.4KkN /2 Nos.

Moment due to Fz =2.259 kN x 0.215m

=0.49 kN.m

Tension force on bolt due to moment =0.49 kN.m/0.18m
=2.73 kN /2 Nos.

=1.365 kN
Total tension force on single bolt =251 kN + 1.7 KN + 1.365 kN
=5.575 kN
Hollo bolt M-12 tension capacity = 10.5 kN > 5575 kN..Hence Bolt Safe in
Tension
Resultant shear force = sqrt(5.245"2 + 2.259"2)
=5.72 kN
Shear force per bolt =5.72 KN / 4 Nos.
=1.43 kN

Hollo bolt M-12 shear capacity =15 kN > 1.43 kN..Hence Bolt Safe in Shear
Combined Tension & Shear check,

= (5.575/10.5) + (1.43/ 15)
=0.627<1

Hence bolts are safe in combined check.
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Check for Plate

My =0.009 kN.m :
MXx =0.12kN.m 250x200x12mm THK.—_ |50, 100 150
END PLATE

1
Flexural capacity of plate in Z-direction, @ @
=09xFyxZ SHS 100x100x5 | H -
= 0.9 x 250 X ((250 x 12°2)/6) I
=135kN.m>034kN.m.......... Hence OK 4-4.6 GRADE (HB12-1) & 5

180

M12x60 HOLLO BOLT
Flexural capacity of plate in X-direction,
=09xFyxZ SHS 200x200x5 —=
= 0.9 x 250 x ((200 x 1272)/6)
=0.87kN.m>049kN.m.......... Hence OK

Check for 6mm Weld

Fx = 5.245 kN Shear
Fy =10.011 kN Axial
Fz = 2.259 kN Shear

Effective throat thickness =0.707 X 6 = 4.242 mm

fu 430

_ _ _ 2
T VBXBwXYMz V3 X0.85%X 1.25 233 N/mm

Permissible weld stress

Bending stresses fb = 2’[—;‘

. F
Direct stress fv = —
tex1

Combined Bending & shear stress :\/(fb)2 + 3(fv)?

Direct Shear stress in the Weld = Load / Effective area of weld
Ryz = [ Fx + Fz] / [ Ly x thickness weld]

= [5.245+2.259] x 10° / [400 x 4.242]

= 4.42 N/mm?

Direct Axial (Compression / Tension) stress in the Weld = Load / Effective area of weld
Rx =[ FX]/[ Ly X thickness weld]

=[10.011] x 10° / [400 x 4.242]
=5.9 N/mm?
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Bending stress in the Weld = Moment / Section Modulus

Ry = (My+ My) / Zx x weld thickness

Here, Zx = bxd+(d"2/3) for unit weld length
= (0.009+0.12) x 10° / [(100x100)+10072/3 * 4.242]
= 5.34 N/mm?

Check for combined bending and shear stress in the Fillet weld,

fo =1 (R><+Rb)2 + 3(Ryz)2 ]1/2
= [ (59+534)2 + 3(442)2 ]1/2
=13.6 N/mm2 < 233 N/mm? (Hence, OK)
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9.6. CONNECTION-6_ Design for node no. 8

130
EMBED

Q
(2)180x135x10mm ©
THK. PLATE GRADE 250 T
(40X18) SLOTTED |
HOLE IN PLATES BO , 60 1 [ o
8
2o 1 ® (3)-M16 270mm LONG
e B THROUGH BOLTS
~====-1] 885 GRADE WITH

COPE FROM BOTTOM 135 WASHER AND NUT

OF SHS
TYP) : % d 15 GAP

Check for Plate

For plate, governing reactions are:
Fz = 25.49 kN

Fy = 3.35 kN

Fx =0 kN

Moment due to Fz,
My = 25.49 kN x 0.075m
=1.912 kN.m

My will be transferred in each fin plates (places at 80mm c/c) as axial forces,
Axial forces due to Moment My,
Fx =1.912/0.08 = 24 kN

Moment due to Fy
Mz = 3.35/2 kN x 0.075m
=0.125 kKN.m

Considering 2-10mm thk fin plate
Axial Tension capacity of plate in X-direction,

=09xAgxFy
=0.9 x ((180-3*18) x 10) x 250
=283 kKN >24kN.......... Hence OK

Design Calculation Report for Glazed Roof 97




Flexural capacity of plate about Z-direction,
=09xFyxZz

=0.9 x 250 x ((10 x 180"2)/6)
=12.15kN.m>0.125kN.m .......... Hence OK

Combined axial & bending capacity of plate,
=(24/283) + (0.125/12.15)
=0.09<1.......... Hence SAFE in combined action

Check for 6mm Weld

Force on each fin plate connection,
Fz =25.49/2 = 12.74 kN Shear force
Fy = 3.35/2 = 1.675 kN Shear force
Fx = 24 kKN Axial force

Mz =0.125 kN.m

Effective throat thickness =0.707 X 6 =4.242 mm

.. f, 430
Permissible weld stress = u = =233 N/mm?
V3 X BwXYMz V3 x0.85x1.25
Mx

Bending stresses fb = —

. F
Direct stress fv = —
texl

Combined Bending & shear stress :\/(fb)2 + 3(fv)?
Shear stress in the Weld = Load / Effective area of weld
Ryz =[ Fy+Fz ] /[ L X thickness weld]
=[12.74+1.675] x 10° /[180 x 4.242]
= 18.88 N/mm?

Direct Axial (Compression / Tension) stress in the Weld = Load / Effective area of weld
Ry = [ FX]/[ Lw x thickness weld]

= [24] x 10° /[180 x 4.242]

= 31.43 N/mm?

Bending stress in the Weld = Moment / Section Modulus
Ry = (M,) / Zz x weld thickness
Here, Z, = (d"2/6) for unit weld length
= (0.125) x 10° / [18072/6 * 4.242]
= 5.45 N/mm?
Check for combined bending and shear stress in the Fillet weld,

f. = [ (Re+Rp1+Rpo)? + 3(Ryz)? 12
= [ (31.43+5.45)° + 3(18.88)* ]**
= 49.29 N/mm? < 233 N/mm2 (Hence, OK)
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Check for 8.8 M16-dia. Bolt
CONMNECTION 2
—» From analysis results, maximum govering end force in

Fx = 2549 kN
Fy = 335 kN
Fz= 0 kN

— SHEAR CHECK

shear force= 3.35 kN
Mumber of bolts provided (n) = 3 Mos.
Shear force to be resisted per bolt (V:*) = 1.11667 kM

Bolt in shear subjected to Design shear force V¢* shall setisfy
Vi <= Vs
The nominal shear capacity of bolt is V:
where ¢ =Capacity factor as per Table 3.4
V:=MNominal shear capacity of bolt

Mominal shear force Vi=0.62 x fux K x{ny x A +ny X Ay )

Diameter of bolt (d¢) = 16 |[mm
Minor Diameter of bolt as per AS 1275 (d) = 13.546 ([mm
Minimum Tensile strngth of bolt (f;) = 830 [MPa
Mominal shear capacity of a bolt vi= 514.6
Reduction factor (K,) = 1
Mumber of shear planes with threads interception (n,) = 2
Mumber of shear planes without threads interception (nx) = 0

Minor diameter area of bolts as per AS 1275 (A.) = 144.1 |mm*
Mominal plain shank area of bolt (A;) = 201.1 |mm*
Mominal shear force (V) = 92.0 |kN
Capacity factor as per Table 3.4 (d) = 0.8

d V= 73.6 kN > 1.1 kM

Hence, provided bolts is safe in shear
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— TEMSIOMN CHECK
Belt in Tension subjected to Design tension force Ny® shall satisfy
Ny® <= @ X Ny
The nominal tensile capacity of bolt is My
where ¢ =Capacity factor as per Table 3.4
M= Mominal tensile capacity of bolt

Design tension force per bolt (N4*)= kN

Mominal tensile force My = A X Ty

Tensile stress area of bolt (AS 1275) 1570 mm’

Mominal tensile force [Ny = 1303 kM

b x M= 1042 kN = B85 kN

Hence, provided bolts is safe for Tension capacity

— BOLT SUBJECTED TO COMBINE SHEAR & TEMSION CHECK
Bolt required to resist both design shear force and Design Tensile force at a same shall «

r 2
( Vi ) AN
L I AT I
\OVe) (*”tr)
2 z

11 + B5 = 0.0069 <= 1
736 1042

Hence, Safe in combine shear and Tension effects

— CHECK FOR PLY
Ply in bearing subjected to design bearing force V,* due to bolt in shear
Wp* <= Dy
where & =Capacity factor as per Table 3.4
Vy,=MNominal Bearing capacity of ply

Diameter of bolt (d:) = 16 |mm
Thickness of ply (L) = 10 [mm N
Tensile strength of ply (f,,) = 515 |MPa
Minimum distance from edge of hole to edge of ply (a.] 30 |mm

Mominal Bearing capacity of ply V,

Vo= 32udixt xf, Vo= a.xi xf,
= 26368 kN 1545 kN
Mominal Bearing capacity of ply V. 1545
Wo* == pxWy
736 < 13905

Ply Safe in Shear
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9.7. CONNECTION-7_ Design for node no. 9,16,23,30

130
EMBED

(2)180x110x10mm

THK. PLATE GRADE 250 ~
(40X18) SLOTTED 2
HOLE IN PLATES 55 | S —

; S |
| A
alC:1 ® (3)-M16 270mm LONG
g @ THROUGH BOLTS
——7====11  8.85 GRADE WITH
COPE FROM BOTTOM 135 WASHER AND NUT
OF SHS 15 oap
Py s <

Check for Plate

For plate, governing reactions are (node-9):
Fz =3.78 kN

Fy =145KkN

Fx =0kN

Moment due to Fz,
My =3.78 KN x 0.070m
=0.265 kN.m

My will be transferred in each fin plates (places at 80mm c/c) as axial forces,
Axial forces due to Moment My,
Fx =0.265/0.08 = 3.3 kN

Moment due to Fy

Mz =14.5/2 kN x 0.070m
=0.50 KN.m
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Considering 2-10mm thk fin plate

Axial Tension capacity of plate in X-direction,

=09xAgxFy
= 0.9 x ((180-3*18) x 10) x 250
=283 kN>33kN.......... Hence OK

Flexural capacity of plate about Z-direction,
=09xFyxZ

= 0.9 x 250 x ((10 x 18072)/6)
=12.15kN.m>0.5kN.m.......... Hence OK

Combined axial & bending capacity of plate,
=(3.3/283) + (0.5/12.15)
=0.05<1.......... Hence SAFE in combined action

Check for 6mm Weld

Force on each fin plate connection,
Fz = 3.78/2 = 1.89 kN Shear force
Fy = 14.5/2 = 7.25 kN Shear force
Fx = 3.3 kN Axial force

Mz =0.5 kN.m

Effective throat thickness =0.707 X 6 =4.242 mm

fu 430

_ _ _ 2
T VBXBwXYMz V3 X0.85%X 1.25 233 N/mm

Permissible weld stress

Bending stresses fb = %

. F
Direct stress fv = —
tex1

Combined Bending & shear stress =/ (fb)2 + 3(fv)?2
Shear stress in the Weld = Load / Effective area of weld
Ryz [ Fy+Fz ] /[ Lw x thickness weld]

[7.25+1.89] x 10° /[180 x 4.242]

= 11.97 N/mm?

Direct xial (Compression / Tension) stress in the Weld = Load / Effective area of weld
Ry =[ FX]/[ Ly X thickness weld]

=[3.3] x 10° /[180 x 4.242]

= 4.32 N/mm?

Bending stress in the Weld = Moment / Section Modulus
Ry (M) / Zz x weld thickness
Here, Z, =(d"2/6) for unit weld length
= (0.5) x 10° / [180°2/6 * 4.242]
=21.8 N/mm?
Check for combined bending and shear stress in the Fillet weld,
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f. = [ (RetRupa+Ru2)® + 3(Ryz)? 12
= [ (4.32+21.8)* + 3(11.97)* 1"
= 33.35 N/mm? < 233 N/mm2 (Hence, OK)

Check for 8.8 M16-dia. Bolt
COMNMECTION 2
— From analysis results, maximum govering end force in

Fx= 3.78 kN Axial force for bolt
Fy = 14.5 kN
Fz= 0 kM

— SHEAR CHECK

shear force= 145 kN
Mumber of bolts provided (n) = 3 Mos.
Shear force to be resisted per bolt [V:*) = 4.83333 kN

Bolt in shear subjected to Design shear force V;* shall setisfy
Vi <= @ Vs

The nominal shear capacity of boltis V¢

where & =Capacity factor as per Table 3.4

We=Mominal shear capacity of bolt

Mominal shear force Vi=0.62 x fex Kox [ ny x A +n, x AL )

Diameter of bolt (d;) = 16
Minor Diameter of bolt as per AS 1275 (d.) = 13.546
Minimum Tensile strngth of bolt [fs) = 830
Mominal shear capacity of a bolt V= 514.6
Reduction factor (K} = 1
Mumber of shear planes with threads interception [n,} = 2
MNumber of shear planes without threads interception (nx) = 1]
Minor diameter area of bolts as per AS 1275 (A ) = 144.1
Mominal plain shank area of bolt (A) = 201.1
Mominal shear force (Vi) = 52.0
Capacity factor as per Table 3.4 (¢) = 0.8
b xV;= 73.6

mim
mim

MPa

2
mim

2
mim

kN

kM = 4.8 kN

Hence, provided bolts is safe in shear
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9.8. CONNECTION-8_ Design for node no. 378

S80x470x16mm

9-VF22PR0O+ & THREADED ROD

Tk PLATE /n8.8 M16 ANCHORS WITH
130mm EMBEDMENT DEPTH
< =21 RCC BEAM
2| Bt
(Th = -l A
2l o EJ . =
| EI .
] (2)180x135%10mm
N THK. PLATE GRADE 250
SHS 200x200x5— | 10 =
COPE FROM BOTTOM—" }-&¢ 220 &
OF SHS J
/"7 "\ SECTION
\\_// 1110
130
EMBED
(2)180x135x10mm 4 ©
THK. PLATE GRADE 250 :
B
(40X18) SLOTTED =
HOLE IN PLATES = -
—
= sl
-“-)A )
8
e
2lSTTT® L (3)-M16 270mm LONG
ST @/f{ THROUGH BOLTS
***** — 8.05 GRADE WITH

OF SHS

|
TVP)%—@E‘ /.

WASHER AND NUT

/ 7B\ SECTION

N

1:10
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Check for Plate

For plate, governing reactions are:
Fx = 15.758 kN

Fy =12.66 kN

Fz=0kN

Moment due to Fx,
Mz =15.758 kN x 0.075m
=1.182 kKN.m

Mz will be transferred in each fin plates (places at 180mm c/c) as axial forces,
Axial forces due to Moment My,
Fx =1.182/0.18 = 6.57 kN

Moment due to Fy
Mx =12.66/2 kN x 0.075m
= 0.475 kKN.m

Considering 2-10mm thk fin plate

Axial Tension capacity of plate in Z-direction,
=09xAgxFy

=0.9 x ((180-3*18) x 10) x 250

=283 kN >6.57kN.......... Hence OK

Flexural capacity of plate in y-direction,
=09xFyxZz

=0.9 x 250 x ((10 x 180"2)/6)
=12.15kN.m>0475kN.m .......... Hence OK

Combined axial & bending capacity of plate,
=(6.57/283) + (0.475/12.15)
=0.06<1.......... Hence SAFE in combined action

Check for 6mm Weld

Force on each fin plate connection,
Fx = 15.758/2 = 7.88 kN Shear

Fy = 12.66/2 = 6.33 kN Shear

Fz =6.57 kN Axial force

Mz =0.475 kN.m

Effective throat thickness =0.707 X 6 =4.242 mm

_ fu _ 430 _ 2
T V3XPBwXYMz V3 X0.85x1.25 233 N/mm

Permissible weld stress

Bending stresses fb = %
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Fz

Direct stress fv=—
tex1

Combined Bending & shear stress =/(fb)2 + 3(fv)?

Shear stress in the Weld = Load / Effective area of weld
Ryz =[ Fy+Fz ] /[ L X thickness weld]
=[6.33+7.88] x 10° /[180 x 4.242]
= 18.61 N/mm?

Direct Axial (Compression / Tension) stress in the Weld = Load / Effective area of weld
R, = [Fz]/[ Lw x thickness weld]

[6.57] x 10° /[180 x 4.242]

= 8.60 N/mm?

Bending stress in the Weld = Moment / Section Modulus
Rp2 = (M) / Zx x weld thickness
Here, Z, = (d"2/6) for unit weld length
= (0.475) x 10° / [18072/6 * 4.242]
= 20.74 N/mm?
Check for combined bending and shear stress in the Fillet weld,

fo = [ (RA+Ro1+Ruo)” + 3(Ry,)* 1Y

= [ (8.6+20.74) + 3(18.61)? ]2
= 43.59 N/mm? < 233 N/mm2 (Hence, OK)
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Check for 8.8 M16-dia. Bolt

CONNMNECTION 2

— From analysis results, maximum govering end force in

Fx = 15.758 kN Axial force for bolt
Fy = 12.66 kN
Fz = 0 kN

— SHEAR CHECK

shear force= 12.66 kN
Number of bolts provided (n) = 3 Mos.
Shear force to be resisted per bolt [V¢*) = 4,22 kN

Bolt in shear subjected to Design shear force Vi* shall setisfy
V<= bV
The nominal shear capacity of bolt is V;

where th = Capacity factor as per Table 3.4

V= Nominal shear capacity of bolt

Nominal shear force V=062 xfx K. x(n, x A  +n,x A;)

Diameter of bolt (dg) = 16 |mm
Minor Diameter of bolt as per AS 1275 (d;) = 13.55 [mm
Minimum Tensile strngth of bolt (f) = 830 |MPa
Nominal shear capacity of a bolt Vf= 514.6
Reduction factor (K.} = 1
Number of shear planes with threads interception (n,) = 2
Number of shear planes without threads interception (nx) = 1]

Minor diameter area of bolts as per AS 1275 (A) = 144.1 [mm®
Nominal plain shank area of bolt (Ag) = 201.1 [mm’
Nominal shear force (V) = 92.0 |kN
Capacity factor as per Table 3.4 (¢) = 0.8

b x V; = 73.6 kN > 42

Hence, provided bolts is safe in shear
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— TENSION CHECK
Bolt in Tension subjected to Design tension force Ns™ shall satisfy
Ny® <= ¢ x Ny
The nominal tensile capacity of bolt is Ny
where ¢ = Capacity factor as per Table 3.4

N= Mominal tensile capacity of bolt

Design tension force per bolt (N%)= kN

MNominal tensile force MNg= A, xf;

Tensile stress area of bolt (AS 1275) (Ag)=| 157.0 mm’

Nominal tensile force (Ng) = 130.3 |kN

b x Ny = 104.2 |kN > 5.3 kN

Hence, provided bolts is safe for Tension capacity

—» BOLT SUBIJECTED TO COMBINE SHEAR & TENSION CHECK
Bolt required to resist both design shear force and Design Tensile force at a same shall confirm
2

2
Vi Ny
—1 + = LO
(‘I}Vf) (q)N:f
2

2
4.2 + 5.3 = 0.0058 == 1
73.6 104.2

Hence, Safe in combine shear and Tension effects
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9.9. End plate and Embed design-Type-1

Below image show location of End plate and Embed design Type-1.
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Design of b ase plate

Input data:

Factored vertical force (P) = 6.67 N
Bolt data:-

No. of bolts = 2 mm
Boltdia. = 12 mm
Holedia (ds)= 14 mm
Provided edge distance = 40 mim
Provided bolt spacing = 170 mm
Base plate data:-

Yield strength of base plate (£, ) = 250 WMPa
Base plate wadth = 250 mm
Base plate length = 110 mm
Base plate thickness = 12 mim
Max projection from column face = 73 mm

Base plate d esign:-

Pressure = P/Base plate area = 6.67/ (0.25 x0.11)

= 24255 KN/'m
Maximum moment on base plate= 24235 x 0075272

= 0.68 KN .m/m length of base plate
5=Mf.= 0.68x 106 /250

= 2720 mm?
calculate thickness considenng unit length of plate (b= 1000 mm)
Thickness of base plate, . = sqri((4 x s)b)

= (4 x 2720) /1000705

33 mm = 12 mm
{(Hence OK)
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Check for 6mm Weld

Fx = 6.67 KN Axial
Fy = 4.267 kN Shear

Effective throat thickness =0.707 X 6 =4.242 mm

fu = %80 933 N/mm?

Permissible weld stress = Ax BTy~ VEx 085X 1S

Bending stresses fb = %

. F
Direct stress fv = —
texl

Combined Bending & shear stress =/ (fb)2 + 3(fv)?2

Direct Shear stress in the Weld = Load / Effective area of weld
Ry = [Fy] / [Lw X thickness weld]

=[4.267] x 10° /[400 x 4.242]

=2.52 N/mm?

Direct Axial (Compression / Tension) stress in the Weld = Load / Effective area of weld

Rx =[ FX]/[ Ly X thickness weld]
=[6.67] x 10° / [400 x 4.242]
=3.93 N/mm?

Bending stress in the Weld = Moment / Section Modulus

Rp = (My) / Zx x weld thickness

Here, Zy = (b+d)"3/6 for unit weld length
= (0.57) x 10° / [(100+100)"3/6 * 4.242]
= 0.11 N/mm?

Check for combined bending and shear stress in the Fillet weld,

fe =1 (F\)X"'Rb)2 + 3(Ry2)2 ]1/2
=[(3.93+0.11)% + 3(2.52)? 2
= 5.95 N/mm? < 233 N/mm?2 (Hence, OK)
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Check for Anchor

170

i

Node number 56 reactions for anchor design is:
Fx =10.4 kN
Fy =0.00 kN
Fz =0.68 kN
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1. Input Data

Selected anchors:

= Alifasteners WVF22PRO+ & Threaded Rod Galv 8.8 M12
Injection anchor Vinylester
Hot-dipyMechanically gabvanized
Design based on AS 5216

» Azzessment ETA-20/0584
Issued by ZUS, on B/17/2021

» Effective anchorage depth hey = 100 mm

» Drilled hole & x hy = 14.0 x 100 mm

Base material:

» Cracked concrete, Thickness of base material h=200mm
Strength class 40MPa, f.=40.0N/mm*

» Wide concrete reinforcement
Rebar spacing az150mm for all @ or a2 100mm for @2 10mm

» Mo edge and stirmup reinforcement

» Long-term temperature 24°C, Short-term ternperature 40°C

» Hammer drilled, dry hole

Action loads:
» Predominantly static and quasi-static design loads, d.=06

Installation:
» Stand-off with grouting
Mortar compressive strength must be higher than 30N/mm?
Distance=15.0mm, rotational restraint grade=2.0
« With gap filling

Base plate:
» G250, E=2000000/mm?®
f,=2500/mm’, u=0741, fu= -,
« Assumed: rigid plate
« Current thickness: 1.0mm
» Required thickness is not calculated.
= Rectangle
Side lengthc 110 x 250 mm

Profile:

» Square Hollow Section:  100x5.0 SHS
HxWxTxFT [mm]: 100 x 100 x 5.0 x 0.0
Action point [mm]: [0, 0]

Rotation counterclockwise: 07

Coordinates of anchors [mm]:
Slotted hole
Ma. L-x L-y
1

2

ki
00
0.0

¥
-85.0
85.0

» VF22PRO- | ;

gz  Adtion loads EN], [kim]
|

] 6.67

(:;_")u

——a

—

¥ o

170

55

b =100
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2. Anchor internal forces and verification of base plate bending stiffness

Anchor internal forces [kiN)

Andhor No. Tension M Shearv Shear x Shear y
1 3335 2134 2134 0.000
2 3335 2134 2134 0.000

Maximum concrete compressive strain [Ye]: 0.0000
Maximum concrete compressive stress: 0.00 [M/mm?]
Resultant tension force im (ofy=0.0/0.0) 6.670 [N]
Resultant compression force in (xfy=000/000): 0.000 kM)
Remark: The edge distance is not to scale.

Conditions of verification:

a) o = fyd

L
Nhr - highest anchor tension force on flemurally rigid base plate
Mr'E - highest anchor tension force on elastic base plate

The proof of the base plate bending stiffness was not carried out.

3. Verification at ultimate limit state based on AS 5216

3.1 Tension load

Related anchor Action kM) Resistamce [kM] Lhilization [%] Status

Steel failure 12 3335 44667 75 A
Combined failure 12 G670 16.045 41.6 A
Concrete cone fadlure 12 G.670 26473 252 WV
Splitting failure - - - - not applicable
Steel failure
s = Miia - dun Bris = IN®/ Mt

M L Moy s M Bres

[kM] [l] [kM]

G670 0667 A4 667 3335 0075
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Combined pull-out and concrete cone failure

0 0 o
Mrehp=M pep - Yaanie - Wanip 'n"l-'sahu' Wi~ Yeasip E‘ A = s - T ::j kb 'uTﬁi “ i [M] Wanp =PpnlA on Maung =N“*'"|‘ ) h‘-’"
Sefp = 1.3 d - (e~ Thkeer) 231y Wane = W abe - (5m / Samp) (Y ane-1) 210
o 0E 0% 15 15 [
Wane=n -(n -1)-(oe /) 210 Thee = ki (h Fe) JiM-d) Was =073 Gua=086 dua=10
Tik Thiuer e d ks e Fiar SerMp CerMip s Pem Thse
[Nrman?] [N ] [mm] Mman?] ] [mm]  [mm]  [mm) M)
55 95 1.231 120 77 40 100.0 27000 1350 1000 05&56 12918
Ntuw L At,, no Bemp g Cosla
kM [mmd [ [
25524 901080 72001 1.249 0860 720
n '4-":3“" Sm '-I-"ahb 'L'rl.ﬂp Brps Epipy Yehps  Whehipy  Whewe Mrs hip Mt mp M oo
[rnm] [mm]  [mm] [ih] k] [kM]
2 1257 1700 1.053 10 [al] 0o 1.000 1.000 1000 28880 16045 6670 0416
Concrete cone failure
o o 05 15 0 N =Mosc - &
Mre =N nie - Yam - Wan - W - W - Pan MNopee =k - (Fe)  -har [N] ey =AcniP e Rt =MNhee * Pl
Nnm‘._ Aen At._ﬂ Yan ki s Pt Serm Cerpd
kM) [mm®  [rm?] [mim] [mm] [
48609 104340 Q0000 1.159 77 0556 1000 300.0 15000
Yon W =T By WY pis Woenip Yaen Pun Py« M, NE® Br:
[mm]  [mm] [kM] [kM] [kM]
0844 10 oo 0.0 10 10 1.0 1.0 47651 26473 6.670 0252
Splitting
Verification of splitting failure is not necessary, because:
» The calculations of resistances at concrete cone failure and pull-out failure were conducted for oacked concrete.
» The crack width is limited to 0.3mm
3.2 Shear
Related anchor Action M) Resistamce [kM] Utilization [%] Status
Steel failure (with | arm) 1.2 2134 7231 205 W
Pry-out 1.2 A267 29.045 147 W
Concrete edge failure (x+) 1.2 A267 10915 391 W
Steel failure with lever arm
&
Veg=oh M1 Pl =M s (1= MR ) Whats=Viks - s=VE
Ml:pu.,, Nﬁ,. $un Nn:,, =Nm,.. . 1’:.;- Re Y] 2 a3 l=ay+e, by
[P [k] [kh] [rman] [mim] [mim]
105.0 67.0 0667 44 667 20 155 6.0 215 o8
hE Migea =M hics (1-| N} Mg V=t Myl Vs e B
[ [Mm] [kM] [kM] [kM]
3335 a7 160 9.038 7231 2134 0.295
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Pry-out failure (M, , Decisive)
1 o
Mip=M R - Warp - Winip - Wanp - Yrarip - Wecvcp Mk =T d- k- Tox - e [N] Wi =k - Nrup Videp Vi ~ By
For stand-off installation (overturning moment): Vige =Vike - 0 - deey oty =[hw - 3) / [es + hp)=0.754 hy, = miindhy, &d)
h-rI' Tk s Strbig L;le d Ih Thi '4'; kﬁ- ¢".|.|.l|l
[mm]  [M/mm®]  [mm] [rram] [rmm)] [mm]  [NSman]
100.0 95 2700 1350 120 10010 L5 1.231 20 0667
1 o [
M e AP\" Aok "I"'-“\-NP b aMp Sm q"‘ﬂ-"l" '4'.....
kM) [mm® [ [rrum]
25524 91080 72901 1.249 1257 17000 1.053
W Wranip By Bucny Woeps  Weenepy  Wacuep Mg Ve cp Viasep W Bee
[rrm] ] [kM] L) [leM] [N
086 1.0 0.0 0o 10 1.0 10 28.880 57.761 29045 4267 0147
Related area for calculation of pry-out failure A, -
I ¥
L
2
K
o
1
Rarrark: Edge distance [-a] & net Lo sealu.
Concrete edge failure, direction x+
Ve D - e e - D RSN U R cauah e Vs Ve -
W=V mee - Wy - Yo - Uy - Wanw - Wacy - Wraw ke =ka-d -k-[fe)] -o [N] Yy =PewA ey nae Whme ~ B

I = minfhe, 12d)  @=01-(kfc)  B=01-fd/a)

For stand-off installation (overturning moment): Vi =V - @y - ey

hat [ e

o =(hw - 3) / (&1 + hW)=0754 by = min{h. 6d)

v € < a B Ve day d I

[mim] /] [rnm] [ [kN] [mm] [mirm]
1000 17 40 0.667 720 - o118 0070 12146 1000 120 100.0

Ay A Bay Iy Py e Wow Uy Ve Vinse v Pue
[rrum] [mim?] [ [kM] [leM] [kiM]
41688 23328 1787 1.000 1000 00 1.000 1000 21705 109815 4267 0391

3.3 Combined tension and shear
Anchor Tension] fx ) Shear{ fv ) Condition Utilization [%] Status

Steel - - - B+ Bv<i0 - not applicable
Concrete 12 0416 0301 B+ B2 10 £1.2 ]
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Anchor-related utilization

A-Ma. Bria Pup Brac Pue

Procp P Brcmmt  Pucmmt  Ponsicr Pomsi

1 0.075 0416 0252 0.000 0295
2 0.075 0416 0252 0.000 0205

0147 0.3 0416 0391 0512 -
0147 03 0416 030 0512 -

Bremms © Highest utilization of indiidual anchors under tension loading except stesl Failure

[ T— Highest utilization of ndividual anchor under shear loading except stes| Eailurs

Bromtier - Utilization of individual anchors under combined tension and shear loading exoept steel failure
Beamsar © UMilization of individusl andhors under combined tension and shear loading at steel failunes

4. Displacement
Tension loading:
Short-term displacement:

=N mede )
B = (BT ) /14

Long-term displacement A - 1714

h o L]

N " B By Bn B

[MN] N/mmd] [me’/N] [mm®N] [mm] [mm]

Shear loading: ‘n": v f4
Short-term displacement 3_‘.:' - u,rhh - Bn
Long-term displacernent: By = ‘uﬁ.h - Erem

‘lﬁ'h I|IllkI- Svl:l S‘.Iq- EI\‘II:I Sqw
] Ml  [mmykN] [mmfdN]  [mm]  [mm]

3335 0885 0.0%0 0320 0.057 D202

5. Remarks

2134 1.524 0200 0300 0.305 0.457

» Capadty verifications of Section 3 are in accordance with AS 5216, For more complex cases which are outside of AS 5216, the

same principles of AS 5216 are still used.

For connections with a flexurally rigid base plate, it is assumed that the base plate is sufficiently rigid. However, the cumrent anchor

design methods (ETAG, EBurocode, AS 5216, ACI 318, C5A A23.3) do not provide any usable guidance to check for rigidity. In the
realistically elastic (flexible) base plate, the tension load distribution between anchors may be different to that in the assumed ngid
base plate. The plate prying effects could further increase anchor tension loading. To verify the sufficient base plate bending
rigidity, the stiffness condition according to the publication "Reguired Thickness of Flexurally Rigid Base plate for Anchor

Fastenings” (fib Symposium 2017 Maastricht) is used in this software.
For connections with an elastic base plate. the anchor tension forces are caloulated with the finite element method with

consideration of deformations of base plate, anchors and concrete. Background for design with elastic base plates is descaribed in
the paper "Design of Anchor Fastenings with Elastic Base Plates Subjected to Tension and Bending”. This paper was published in
“Stahlbau BB (2019), Heft 8" and 5. Jahrestagung des Deutschen Ausschusses fiir Stahibeton - DAfSth 20177

Anchor shear forces are calculated with the assumption of a rigid base plate. Attention should be paid to a narrow base plate with

2 width to length ratio of less than 1/3.

« Verification for the uldmate limit state and the caloulated displacement under service working load are valid only if the anchors are

installed properly according to ETA.

For design in aracked concrete, anchor design standards/codes assume that the crack width is limited to < 0.3mm by

reinforcement. Splitting failure in cracked concrete is prevented by this reinforcing. The user needs to verify that this reinforcing is
present in cracked concrete. Generally, conarete structures design standards/codes (e.g. AS 3600) meet this crack wadth
reguiremeant for miost structures. Partioular caution must be taken at close edge distances where the location of reinfordng is not

chearly known

Verification of strength of concrete elements to loads applied by fasteners is to be done in accordance with AS 5216
All information in this report is for use of Allfasteners products only. It is the responsibility of the user to ensure that the latest

version of the software is used, and in accordance with AFOS licensing agreement. This software serves only as an aid to interpret
the standards and approvals without any guarantee to the absence of ermors. The results of the software should be checked by a
suitably qualified person for correctmess and relevance of the results for the application.

The load-bearing capacity of the anchorage is: verified !
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Anchorage figure in 3D:

170
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Anchor: VF22PRO+ & Threaded Rod Galv 8.8 M12
Drilled hole: do x hp = 14 x 100 mm
Embedment depth: hinam = 100 nmm
Effective anchorage depthc het = 100 mm
Installation torgque: Tinst = 40 Nm —
Base plate: G250
Thickness: t=1mm
Clearance hole: df = 14 mm
-l
110
g
Q
]
o x
B 3
Q
g
55 55
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9.10. End plate and Embed design-Type-2

Below image show location of End plate and Embed design Type-2.
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Design of b ase plate

Input data:

Factored vertical force (P) = 6.67 N
Bolt data:-

No. of bolts = 2 mm
Boltdia. = 12 mm
Holedia (ds)= 14 mm
Provided edge distance = 40 mim
Provided bolt spacing = 170 mm
Base plate data:-

Yield strength of base plate (£, ) = 250 WMPa
Base plate wadth = 250 mm
Base plate length = 110 mm
Base plate thickness = 12 mim
Max projection from column face = 73 mm

Base plate d esign:-

Pressure = P/Base plate area = 6.67/ (0.25 x0.11)

= 24255 KN/'m
Maximum moment on base plate= 24235 x 0075272

= 0.68 KN .m/m length of base plate
5=Mf.= 0.68x 106 /250

= 2720 mm?
calculate thickness considenng unit length of plate (b= 1000 mm)
Thickness of base plate, . = sqri((4 x s)b)

= (4 x 2720) /1000705

33 mm = 12 mm
{(Hence OK)
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Check for 6mm Weld

Fx = 6.67 KN Axial
Fy = 4.267 kN Shear

Effective throat thickness =0.707 X 6 =4.242 mm

fu = %80 933 N/mm?

Permissible weld stress = Ax BTy~ VEx 085X 1S

Bending stresses fb = %

. F
Direct stress fv = —
texl

Combined Bending & shear stress =/ (fb)2 + 3(fv)?2

Direct Shear stress in the Weld = Load / Effective area of weld
Ry = [Fy] / [Lw X thickness weld]

=[4.267] x 10° /[400 x 4.242]

=2.52 N/mm?

Direct Axial (Compression / Tension) stress in the Weld = Load / Effective area of weld

Rx =[ FX]/[ Ly X thickness weld]
=[6.67] x 10° / [400 x 4.242]
=3.93 N/mm?

Bending stress in the Weld = Moment / Section Modulus

Rp = (My) / Zx x weld thickness

Here, Zy = (b+d)"3/6 for unit weld length
= (0.57) x 10° / [(100+100)"3/6 * 4.242]
= 0.11 N/mm?

Check for combined bending and shear stress in the Fillet weld,

fe =1 (F\)X"'Rb)2 + 3(Ry2)2 ]1/2
=[(3.93+0.11)% + 3(2.52)? 2
= 5.95 N/mm? < 233 N/mm?2 (Hence, OK)
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Check for Anchor

6565 180 6565

278*

72

g
X
Node number 188 reactions for anchor design is:
Fx =28.12 kN
Fy =0.00 kN
Fz =8.52 kN
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1. Input Data

Selected anchors:

» Alifasteners WVF22PRO+ & Threaded Rod Zn 8.8 M16
Injection anchor Vinylester
Zinc plated
Design based on AS 5216

» Assessment ETA-20/0584
Issued by ZUS, on B/17/2021

» Effective anchorage depth hg = 130 mm

» Drrilled hole @ x by = 180 x 130 mm

Base material:

» Cracked concrete, Thickness of base material h=200nmm
Strength class 40MPa, f.=40.0N/mm*

» Wide concrete reinforcement
Rebar spacing a=150mm for all @ or az 100mm for @2 10mm

» Mo edge and stirmup reinforcement

» Long-term temperature 24°C, Short-term termperature 40°C

« Harmmer drilled, dry hole

Adtion loads:
» Predominantly static and quasi-static design loads, oe.=06

Installation:
» Stand-off with grouting
Mortar compressive strength must be higher than 30M/mim?.
Distance=15.0mm, rotational restraint grade=2.0
« With gap filling

Base plate:
+ G250, E=200000N/mm*
£ =2500 mm?, §u=0741, fu=du -
» Assurmed: rigid plate
» Current thickness: 1.0mm
«» Required thickness is not calculated.
» Rectangle
Side lengthe 110 = 500 mm

Profile:

» Square Hollow Section:  100=5.0 SHS
HxWxTxFT [mm]: 100 x 100 x 5.0 x 0.0
Action point [mm]: [0, 0]

Rotation counterchockwise: 07

Coordinates of anchors [mm]:
Slotted hole
0. X ¥ L-x L-y

houw ks Py =
(=]
[}
|
[}
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2. Anchor internal forces and verification of base plate bending stiffness

Anchor internal forces [kiN)

Anchor No. Tension M Shear; Shear x Shear y
1 1038 321 3zn 0,000
2 1038 3211 3N 0.000
3 1038 321 3zn 0.000
4 1038 321 3N 0.000
5 1038 321 3zn 0.000
[ 1038 321 3zn 0,000

Maximum concrete compressive strain [%=]: 0.0000
Maximum concrete compressive stress: 0.00 [M/mim?®]
Resultant tension foroe in (ofy=0.0/0.0) 6.226 [IMN]
Resultant compression force in (u'y=0.0/0.0): 0.000 [kM]
Remark: The edge distance is not to scale.

Conditions of verification:

a) o = fyd

B Ny N
Nhr - highest anchor tension force on flexurally rigid base plate
ru,|h'k - highest anchor tension force on elastic base plate

The proof of the base plate bending stiffness was not carried out.

3. Verification at ultimate limit state based on AS 5216
3.1 Tension load

Related anchor Action [lkM) Resistance [kM] Utdlization [%] Status

Steel failure 123456 1.038 84.000 12 W
Combined failure 1.234.56 6.226 31.366 19.8 W
Concrete cone faillure 1.234.56 6.226 46230 135 L)
Splitting failure - - - - not applicable
Steel failure
Moz = Mpes - fun Brs = M Mpas

M Fon My M* B

[kM] [kM] [kM]

126.0 0667 84.000 1.038 omz2
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Combined pull-out and concrete cone failure

0 o o
Mg =M pep - Yane - Pane 'I::Eahlu “ Weeip * Pupip |:r|“ fkp = Yl " T ::j L 'uTﬁi “ e [M] Wapip =PpnfA o Masnip =Mrn - Spn
Selp = T30 (W Thker) 23 ls Wake = W ane - (5m o/ Semp) (W ane -1 210
o nE 85 15 15 [
Wanpg=n -0 -1)- (0w /Tae) 210 Tiee = ka - (ha - T} /(- d) Yo =073 O = 06 Yos =10
ik Thcer Y d k3 e Pt ScrMp Cerhp I Pon Thie
[M/rnan®] [N fmmmn®] [mmy [M/man®]  [imi] [mm]  [mm]  [mm] [Mimar]
55 9.0 123 160 7 40 1300 3504 1752 1300 0556 11.046
Ntmw Aoy .ﬂtuu Wahip Wb Cmie
kN [mm?  [mmf] [mim]
44242 190314 122780 1550 0B23 720
n \Ptauu Sm '-I"ahb ll"rl.ﬂp Eripx Enipy Yahips  Paompy Y Mignp  Maang M Beip
[mm] [mim]  [mm] [kn] [k] [kM]
1 1754 4200 10 10 a0 0o 1,000 1.000 1000 656458 31366 6226 0198
Concrete cone failure
o o a5 15 o
Mice=M pice - Was - Wan - W~ W W Mome =k - (Fe) har N1 lan =AM =Pie - don
Nu.:u.,-_ Aen A e ki den har Serm CeeM
M) i) [mm?) i) [mm] [mnim]
T2183 218270 152100 1.422 7T 0.556 130.0 3900 1950
LT W B By Wons Py Woe Wiy Mg e M M= B
[mm] [mm] [kM] [kM] [kM]
0811 10 0.0 oo 10 10 10 1.0 83215 46230 6226 0135
Splitting
Verification of splitting failure is mot necessary, because:
» The caloulations of resistances at concrete cone failure and pull-out failure were conducted for cracked concrete.
» The crack width is limited to 0.3mm
3.2 Shear
Related anchor Action [EM] Resistance [kMN] Utlization [%] Status
Steel failure (with | arm) 1.23456 3211 17887 18.0 +
Pry-out 1.23456 19.266 5o.412 324 +
Concrete edge failure (x+) 123456 19.266 21177 91.0 -
Steel failure with lever arm
o
Wiz =00 Mpgo1 Pl =M s (1M Mpa ) Wit =Vt - oy Bus=VENpas
Mnm.,, Mags i Mg =My - S D 2y CE I=a;+e, By
[Mm] [kh] [leh] [rrum] [mm] [ma]
266.0 126.0 0ee7 BA.00D 20 155 a0 235 08
N M =M s (1-IN*/ M) V=0t Mg Vs v Bus
[kN] [Mm] [kM] [kM] [kM]
1038 262714 22359 17.887 321 0.180
Design Calculation Report for Glazed Roof 126




AFDS 209 pwerny - Extended report

ALLFASTENERS ﬁ

Compamy: E-mail:
Designer: Phome:
Address: Fax
Praject: Diate: 4/13/2024
Comments: Page: 457
Pry-out failure (M., Decisive)
s ']
Misp=M g - W - Wonp - W - Weattp " ey Mg =mod- kTl [N] Vieg=Ka P Vit =Vis - S

For stand-off installation (overturning moment): Viee =Viks - 0 - deey oy =[hy - a) / (es + hy)=0.789 hy, = miin{hy, Gd)
] T e Serbe Ceellp d I Thik e ks Pepv
[mm] [Mémm?®]  [mm] [ [mm] [mm] [N/mad]
1300 ] 3504 175.2 16.0 1300 55 1.231 20 0667
s ] s
M pig Aoy A on Wany W ghip S Py bip Whis
[kM] [mm®  [mm?] [rmm]
44242 190314 122780 155 1.754 42000 1.0
l‘l"l.Nu l‘l"r‘Nu e‘ul'.q.l,! E‘u‘.'.wj "I‘Iuc.\ll.pl q"-u'-l',cpgl "I"lu.\ll.p Nﬂ,u II"r&Lp vﬁ!.'_u W p‘\l';p
[rmy] [rn] [kM] [kM] [leM] kM)
0.az23 1.0 00 0.0 10 1.0 10 56458 112916 59412 10266 0324
Related area for calculation of pry-out failure Ay, -
by
®
]
L]
=]
L]
4
hl:
a
3
o
2
o
Y
Rarrark: Edge diilance |1 & ol o el
Concrete edge failure, direction x+
_vn. ) ) ) Y ) .,f'_,’,'!, a5 s _ o Vs Vs -
W=V nee  Wa " Wi~ W~ W " W~ Wi e =k -d - (F) g [N Y =R Ay hde =Wike - e
I = minfhe, 12d)  e=01-(/ e B=01-(d/e)™
For stand-off installation (overturning moment): Vae =V - - ey 0w =(he - 33) S (&4 + he)= 0.789 he, = minihe. &6d)
ht k f, B g ¢ o B Ve Wy d I
[rm] [M/mim] [rnm] [rmm] [kM] [mm] [rm]
1300 1.7 40 0667 720 - 0134 0074 13.670 1.000 16.0 1300
Ay Ay b Way e Yoy Wy Veke  Vaa v By,
[mer®]  [mm?] [rmm] [kM] [keM] [N
68688 23328 2944 1.000 1.000 0.0 1.000 1.000 40249 2177 10266 0910
3.3 Combined tension and shear
Anchor Tension] B ) Shear| By ) Condition Ltilization [%] Status
Steel - - - B+ BV £ 1.0 - not applicable
Concrete 123456 0193 0910 B+ Bv£12 92.4 v
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Anchor-related utilization

A-Na. Bsia Prup Brs Py P Precp Pric Prucamt  Pucsmt  Pomsicr Pomsir

0.0z 0198 o135 0.000 0180 0324 0910 o198 0910 0924 -
0.0z 0198 0135 0.000 0180 0324 0910 019 0910 0924 -
0012 0198 0135 0.000 0180 0324 0o10 o198 0910 0024 -
0.0z 0198 Q135 Q000 0180 0324 0910 o198 0910 0924 -
0.0z 0198 0135 0.000 0180 0324 0910 o198 o0 0924 -
0.0z 0198 o135 0.000 0180 0324 0910 o198 0910 0924 -

Bremme © Highest utiization of indiidual anchors under tension loading except steel failure

Bvemer : Highest utilization of ndividual anchors under shear loading except stee| Eailure

Bramsier - Utilization of individual andhors under combined tension and shear loading exoept steal Eilure
Boomsiar - Wilization of individusl anchors under combined tension and shear loading at steel failure

[= T STV g

4. Displacement

Tension loading: -,_-c" = Ni'h Flm-d- ) Shear loading: 1..{ = \.rth F14

Shor-term displacement: B, = (B T ) /14 Short-term displacement 8" =W 8y

Long-term displacement: By = (Bt = 1714 Long-term displacement: By = "-"ih - B
M =" B B B B " W B Bu.. 8. 8"
O] M/mm] [mm?/N] [mm®hN]  [mm] [mrurr] [kM] [M]  [mmykN] [mm/kiN]  [mm] [mm]
1038 0159 0050 0.180 0.006 0.020 3211 2294 o110 0170 0252 0.3%0

5. Remarks

» Capadty verifications of Section 3 are in accordance with AS 5216, For more complex cases which are outside of AS 5216, the
same principles of AS 5216 are still used.

For connections with a flexurally rigid base plate, it is assumed that the base plate is sufficiently rigid. However, the current anchior
design methods (ETAG, Eurocode, AS 5216, ACI 318, C5A AZ23.3) do not provide any usable guidance to check for rigidity. In the
realistically elastic (flexible) base plate, the tension load distribution between anchors may be different to that in the assumed ngid
base plate. The plate prying effects could further increase anchor tension loading. To verify the sufficient base plate bending
rigidity, the stiffness condition according to the publication "Reguired Thickness of Flexurally Rigid Base plate for Anchor
Fastenings” (fib Symposium 2017 Maastricht) is used in this software.

For connections with an elastic base plate. the anchor tension forces are caloulated with the finite element method with
consideration of deformations of base plate, anchors and concrete. Background for design with elastic base plates is desaibed in
the paper "Design of Anchor Fastenings with Elastic Base Plates Subjected to Tension and Bending”. This paper was published in
“Stahlbau B8 (2019), Heft 8 and 5. Jahrestagung des Deutschen Ausschusses fiir Stahibeton - DAfSth 20177

Anchor shear forces are caloulated with the assumption of a rigid base plate. Attention should be paid to a namrow base plate with
2 width to length ratio of less than 1,/3.

Verification for the ultimate limit state and the caloulated displacement under senvice working load are valid only if the anchors are
installed properly according to ETA.

Far design in aracked concrete, anchor design standards/codes assume that the crack width is limited to £ 0.3mm by
reinforcement. Splitting failure in cracked concrete is prevented by this reinforcing. The user needs to verify that this reinforcing is
present in cracked concrete. Generally, conorete structures design standardsfoodes (e.g. AS 3600) meet this crack width
reguirement for miost structures. Partioular caution must be taken at close edge distances where the location of reinfordng is not
chearly known

Verification of strength of concrete elements to loads applied by fasteners is to be done in accordance with AS 5216

All information in this report is for use of Allifasteners products only. It is the responsibility of the user to ensure that the latest
version of the software is used, and in accordance with AFOS licensing agreement. This software serves only as an aid to interpret
the standards and approvals without any guarantee to the absence of ermors. The results of the software should be checked by a
suitably qualified person for comectness and relevance of the results for the application.

The load-bearing capacity of the anchorage is: verified !
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Anchorage figure in 3D:

:7x4

u‘f
¥

‘\\\mr\\.mummmmm

eL '’

& um)‘r‘mnmmunmmr~J
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Anchor: VF22PRO+ & Threaded Rod Zn 8.8 M16

Drrilled hole: dg % hp = 18 x 130 mm

Embedment depth: hnam = 130 mim s

Effective anchorage depthc het = 130 mmn = VEIIDDMN f:
. T dsEal Fhw' "

Installation torque: Tinst = B0 Nm et — i i p—

Base plate: G250

Thickness: t=1mm

Clearance hole: df = 18 mm

-
110
g
Q
&
?
)
&
z 5
g
&
9
&
)
=
55 55

130

Design Calculation Report for Glazed Roof




9.11. End plate and Embed design-Type-3

Below image show location of End plate and Embed design Type-3.
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Check for Plate
Fx = 2.759 kN
Fy = 19.056 kN
Fz =14.205 kN

Moment due to Fx,
My = 2.759 kN x 0.14m
=0.39 KN.m

Mz =2.759 kN x 0.14m
=0.39 kN.m

Moment due to Fy,
Mx =19.056 kN x 0.070m
=1.34 kN.m

Moment due to Fz,
Mx =14.205 kN x 0.075m
=1.07 KN.m

Flexural capacity of plate in Y-direction,
=09xFyxZz

=0.9 x 250 x ((300 x 1272)/6)
=1.62KkN.m>0.39kN.m.......... Hence OK

Flexural capacity of plate in Z-direction,
=09xFyxZ

= 0.9 x 250 x ((300 x 1272)/6)
=1.62kN.m>039kN.m.......... Hence OK

Flexural capacity of plate in X-direction,
=09xFyxZz

=0.9 x 250 x ((12 x 300"2)/6)

=405 kN.m>134kN.m.......... Hence OK

Axial Tension capacity of plate in Z-direction,
=09xAgxFy

=0.9x (300 x 12) x 250

=810 kN >14.205kN.......... Hence OK

Combined axial & bending capacity of plate,
=(14.205/810) + (1.34/40.5) + (0.39/1.62)
=03<1.......... Hence SAFE in combined action
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Check for 6mm Weld

Fx = 2.759 kN Axial
Fy = 19.056 kN Shear
Fz = 14.205 kN Shear

Effective throat thickness =0.707 x 6 = 4.242 mm

fu 430

_ _ _ 2
T VBXBwXyMmMz V3 X0.85%X 125 233 N/mm

Permissible weld stress

Bending stresses fb = %

Fz
texl

Direct stress fv =

Combined Bending & shear stress :\/(fb)2 + 3(fv)?

Direct Shear stress in the Weld = Load / Effective area of weld
Ryz = [Fy + Fz] / [Lw x thickness weld]

=[19.056 + 14.205] x 10° / [800 x 4.242]

= 9.8 N/mm?

Direct Axial (Compression / Tension) stress in the Weld = Load / Effective area of weld

Rx = [ FX]/[ Lw x thickness weld]
=[2.759] x 10° /[800 x 4.242]
= 0.813 N/mm?

Bending stress in the Weld = Moment / Section Modulus

Rp1 = (M,) / Zx x weld thickness

Here, Zy = (b+d)"3/6 for unit weld length
= (1.34) x 10°/ [(200+200)"3/6 * 4.242]
= 0.034 N/mm?

Ry = (M) / Zx x weld thickness

Here, Zy = bxd+(d"2/3) for unit weld length
= (0.39) x 10° / [(200x200)+200"2/3 * 4.242]
=1.73 N/mm?

Check for combined bending and shear stress in the Fillet weld,

fe = [ (RetRun+Rp2)” + 3(Ryz)* 1V
=[ (0.813+0.034+1.73)* + 3(9.8)* ]2
= 17.2 N/mm? < 233 N/mm?2 (Hence, OK)
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Check for Anchor

70 70 70

65 95

65

50 65

g}

X

Node number 375 reactions for anchor design is:
Fx =19.06 kN

Fy =2.46 kN

Fz =14.15 kN
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1. Input Data

Selected anchors:

E Al!fasFeners ‘.'F22F'_Ft0+ & Threaded Rod Zn B.8 M12 n VE22PR: |
Injection anchor Vimylester T = ————————

Zinc plated
Design based on AS 5216 )
- Assessment ETA-20/0564 1z Actionloads RN, ]
lssued by ZUS, on 8/17/2021
= Effective anchorage depth hey = 100 mm
= Drilled hole @ ¥ hy = 14.0 x 100 mm

-14.205

"0 =
Base material: : Q’ﬁﬁﬁ

= Cracked concrete, Thickness of base material h=200mm 0

Strength class 408Pa, £.=40.0N,/mm?* .
= Wide concrete reinforcement ‘-

Rebar spacing a2 150mm for all @ or a2 100mm for @<10mm O
= Mo edge and stimup reinforcement a T"'“‘L
= Long-term temperature 24°C, Short-term temperature 40°C
= Hammer drilled, dry hale

Action loads: 730 110
= Predominantly static and quasi-static design loads, gu.=06

Installation:
= Stand-off with grouting
Martar compressive strength must be higher than 30K/mm?. ] 390
Distance=15.0mm, retational restraint grade=20
= With gap filling

[l
=i

Base plate: E
- G250, E=200000M/mm*

f,=250N,/mm’, §,=0.741, fu= s - f;

= Assumed: rigid plate (=

= Current thickness: 12 0mm Iq i

= Required thickness is not caloulated. ¥

= Rectangle EE] -

Side length: 300 x 300 mm g

70

|5

Profile:
= Sguare Hollow Section:  200x5.0 5HS N D
Hx W Tx ET [mml 200 = 200 % 5.0 x 0.0 95 |65165]65]50
Action point [mm)]: [40, -40]
Rotation counterclockeise: 907

z
Coordinates of anchors [mm]: 12 | "
Slotted hale 13

Mo, ] ¥ L-x L-y

1 850 -1050 hu=100 | | | |

2 850 -350 g
3 850 350

4 450 1050

5 300 1050 '
& 350 1050 300

7 1000 1050
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2. Anchor internal forces and verification of base plate bending stiffness

Anchor internal forces [kiN]

Anchor Mo. Tension M; ShearV; Shear x Sheary p-———"————————-— gy """ C
1 U000 5.493 g3z -1360
2 0U00eD 4328 4109 -1360
3 0U00D 3.199 2.806 -1360 Tenskan
4 0011 2.163 1.682 -1360 B“_ GE-‘- G; 'E!':
5 0U006D 1.698 1.682 -0233
4 10U 1.905 1.682 0854
7 0U00D 2.629 1.682 2020 El'i
—
Maximum concrete compressive strain [%s]: 0.0136 G
Maximum concrete compressive stress: 041 [N/mm?] Ez - o ?;:-sahr
Resultant tension force in (3fy=-95.0/105.0): 0.011 [kN] :
Resultant compression force in (xfy=39.9/-39.9); 14.216 [kN] o
Remark: The edge distance is not to scale. 1
Conditions of verification:
alo = fyg
BN s N
r«.lh'r - highest anchor tension force on flexurally rigid base plate
Nhn - highest anchor tension force on elastic base plate
The proof of the base plate bending stiffness was not carried out.
3. Verification at ultimate limit state based on AS 5216
3.1 Tension load
Related anchor Action [kN] Resistance [kN] Lhilization [%] Status
Steel faiure 4 0.011 A4 667 0.0 4
Combined failure 4 0.011 11.006 0.1 v'
Concrete cone failure 4 0o 19,665 01 L
Splitting failure - - - - not applicable
Steel failure
Mres = Mg - §un Brs = N/ Mipa,
Nﬂu ¢-N M Reli M* E’Na
[kN] [M] [kM]
67.0 0667 44 667 01 0.000
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Combined pull-out and concrete cone failure
M pip= N“mp- Ware - Wasip -tqggm- Waehp - Wrsip :l“&,, = Wow - T - ;15 - |b-nm, PNl W =.-=.,,,..JA:',,N Midne =MNkpp - dan
Serpip = 73 -0 - Whos - Theed 23k Ware = W ghp - B/ Serpigd - (W gpp- 1210
W=t - -1 Tad 210 Tme=ks (- Fd JI-d) Pas=073  Bew=06 s =10
Thg Thgeswr 'R d ky L hs Serhip Cesbip Iy $on Toge
[M/mm?] [N/mm?] [ M/mm% [mm] [mm] [mm] [mm] [M/mm?]
55 85 1.231 120 .7 40 100.0 270.0 1350 1000 0556  QuBDO

Nt&'P P'u,hl Aﬂpﬂ q"khb- I‘PENH Civin
[kN1  [mm®  [mm® [mim]
25524 62100 72901 0.852 0e11 950

]
n q.ul ghp Sm "I";M:- q"nl.hb ENH,: Eij "p:Nu,: q"':Np.'l q"n..ﬂp N&.M:- NIU,.NH N E'Np
[rmirn] [mm]  [mm] [kN] [kN] [kN]
1 - 10 10 0.0 0.0 1.000 1.000 1000 19810 11006 0011 0007

Concrete cone failure

Nm..=N¢m.. W W Wkl - Ween - Wiin Nl:m:.-. =k; - I . h.ru

NI wan =AuAn Mo =Niwe - den

Nnm‘._ Acn P-j,_‘" Wan k1 B bt Sen i -
[M] mm¥  Imm?] [mm] [mm] [mim]
A3.699 73500 Goa e 0817 77 0.556 10000 300.0 1500
Wi Wi B EHy Wac bix 4'-:.“.:' Wee Yaar Nﬂu NH(— M E'N.'-
[mm] [rurni] [kM] [M] [kM]
089 1.0 [+ 14] oo 1.0 1.0 10 1.0 35396 19665  0.011 Ll
Splitting

\erification of splitting failure is not necessary, because:
= The calculations of resistances at concrete cone failure and pull-out failure were conducted for cracked concrete.
= The crack width is limited to 0.3mm.

3.2 Shear

Related anchor Action [kN] Resistance [kN] Utilization [%] Status
Steel failure (with 1. arm) 1 5483 6.222 883 o
Pry-out 3 3.1899 3.492 9.6 L
Concrete edge failure (x+) 1234567 21283 25521 834 o

Steel failure with lewver arm

]
Wises= ot Ml Mg =M pis (1IN ] Nt Vaas=Viks - fuw Prua=V" Vs

Mcm,. M Pan Mids=Mes - fun Ak & a3 I=as+ey v

[Mm] kK] kK] [rmirm] [rnrm] [rnirn]

1050 67.0 0.667 44 667 2.0 210 6.0 270 ]
N Mg =M s (11NN, Vis=am Mo/l Vs ve By
[kM] [Mimi] [kM] [eM] [M]

10000 105.000 17178 6222 54083 0.883
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Pry-out failure (M., Decisive)
o ]
Mok p=M rep - Wakp - Yabie - Waip - Wrabip - Wechicn M pkp=T-d - | - Tak - Y [N] Vi =ke - M Vs =1'rm-¢'*"+|"'
For stand-off installation (overturning momentl Vet =V - Gh- Gy ap =y - azl /{21 + hpd= 071 hy, = min{h, Gd)
hr Thkuses FerMp Carp d lis Thk W, ka [
[mm]  [N/mm?  [mm] [mm] Imm] [mm]  [N/mm?]
100.0 495 270.0 135.0 120 100.0 55 1.231 20 0.667
o o o
N e LI Aan Warp W ane Sm Wynp Wi
[kM] mm?  [mm?] [rmim]
25.524 11569 72601 0.159 1.0 - 10
Wingp Weahip Bpx Bulepy Wi Wackepy Wacicp Mg Wit g Wiutep W By
[rnm] [mum] [kM] [kN] [kM] [EN]
0911 10 0.0 0o 1.0 1.0 10 3691 738 3.492 3.199 0916
Related area for calculation of pry-out failure A_,, -
1y
o |o|lo o
4 5 [ 7
o
3
a ™ *
F
a
",
Concrete edge failure, direction x+
_vu L a B nE 15 B o Viee =V - &
Wit o=V pice - Wy - Waw - Wiy - Wav - Poet - Weow Ve =ka-d -Ir-(F.) - [N] Yay =AowlA oy Rl = Wik - P

k= minthe 12d)  a=01-lic) B=01-d/c)
For stand-off installation (overturning moment): Vet =V - on - $ov @y =lhy, - 33) /{24 + hed= 071 b = mindhy, Gd)

Pt ka f. Bov o £ a g Ve W d I
[rmirm] N/mm’] [mim] [rmim] [kN] [mim] [mm]
100.0 17 40 0667 2450 - 0.064 0.055 62.170 1.000 120 100.0

Ay -'!\jn.v' Way Wy Way By Wi Weaw Wik Vo W Boe
Imm?] [mim’] [mim] [kN] Tk [kN]

180000 270113 0.700 1356 1.028 454 0.890 1.000 53943 25511 21283 0834
3.3 Combined tension and shear
Anchor Tension{ fu ) Shear( By ) Condition Lhilization [%] Status
Steel - - - Biw + Py =10 - not applicable
Concrete 3 0.000 0916 Bus+pe=i 763 L
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Anchor-related utilization

A-No. Pras Pup Pruc Bruss Bax Procp P Prcomt  Pucrat  Ponbeor Pomsia
1 0.000 00 0.000 0.000 0.8a3 0465 06834 0.000 0.834 06595 -

2 0.000 000 0.000 0.000 0.696 0915 0634 0.000 0915 0.763 -

3 0.000 000 0.000 0.000 0514 0916 06834 0.000 0916 0.763 -

4 0.0 [ELEiy ] 0001 0.000 03438 0330 0834 0.001 0.334 0696 -

5

6

7

0.00 0000 0.000 0.000 0273 0385 0.634 0000 0.334 0685 -
0.000 0000 0.000 0.000 0306 0357 0834 0.000 0.834 0.685 -
0.000 0000 0.000 0.000 0423 0444 0534 0.000 0.334 0.555 -

Pricmm = Highest utilization of individual anchors under tension loading except stes| failn

Prizmams ¢ Highest utilizetion of individual anchors under shear lading except steel failure

Bezmtier ¢ UMilization of individual anchors under combined tension and shear loading except steel failine
Bezmeiar © Utilization of individual anchors under combined tension and shear loading at steel failure

4. Displacement

Tension loading: " e Jim-d-l) Shear loading: -,..-.h = uth.,.' 14

Short-term displacement: ENj = (g - -[rh V14 Short-term displacement 5,...'} - \rlh - By

Long-term displacement & = (B - T*F 1514 Long-term displacement: By = '|.|'|,h - Siten
N < Bnan Breee EN:I 5 v vkh - B E...j 5
[kN] _ [N/mm? [mm’/N] [mm’/N] [mm]  [mm] [kN] kNl [mm/kN] [mm/kN]  [mm] [
0011 0.003 0050 0320 0.000 000 5403 3924 0.200 0.300 0.785 1177

5. Remarks

= Capacity verifications of Section 3 are in accordance with AS 5216, For more complex cases which are outside of AS 5216, the
same principles of AS 5216 are still used.

» For comnections with a flexurally rigid base plate, it is assumed that the base plate is sufficiently rigid. However, the current anchor
design methods (ETAG, Eurecode, AS 5216, ACI 318, 54 A23.3) do not provide any usable guidance to check for rigidity. In the
realistically elastic (flexible) base plate, the tension load distribution between anchors may be different to that in the assumed rigid
base plate. The plate prying effects could further increase anchor tension loading. To verify the sufficient base plate bending
rigidity, the stiffness condition according to the publication “Required Thickness of Flexurally Rigid Base plate for Anchor
Fastenings” (fib Symposium 2017 Maastricht) is used in this software.

Far connections with an elastic base plate, the anchor tension forces are calculated with the finite element method with
consideration of deformations of base plate, anchors and concrete. Background for design with elastic base plates is described in
the paper "Design of Anchor Fastenings with Elastic Base Plates Subjected to Tension and Bending™. This paper was published in
“Stahlbau BB (2019). Heft 8 and "5. Jahrestagung des Deutschen Ausschusses fir Stahlbeton - DAfStE 20177,

Anchor shear forces are caloulated with the assumption of a rigid base plate. Attention should be paid to a narmow base plate with
a width to length ratio of less than 1/3.

Verification for the ultimate limit state and the calculated displacement under service working load are valid enly if the anchors are
installed properly according to ETA.

Far design in cracked concrete, anchor design standards/codes assume that the crack width is limited to < 0.3mm by
reinforcement. Splitting failure in cracked concrete is prevented by this reinforcing. The wser needs to verify that this reinforcing is
present in cracked concrete. Generally, concrete structures design standards/codes (e.g. AS 3600} meet this crack width
requirement for most structures. Particular caution must be taken at close edge distances where the location of reinforcing is not
clearly kmown.

Verification of strength of concrete elements to loads applied by fasteners is to be done in accordance with AS 5216

All information in this report is for use of Allfasteners products only. It is the responsibility of the user to ensure that the latest
version of the software is used, and in accordance with AFQS licensing agreement. This software serves only as an aid to interpret
the standards and approvals without any guarantee to the absence of ermors. The results of the software should be checked by a
suitably qualified person for cormectness and relevance of the results for the application.

The load-bearing capacity of the anchorage is: verified !
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AFOS 2.0.9 oz - Extended report

AL FASTENERS ﬁ

Company:
Designer:
Address:
Project:
Comments:

E-mait

Phone:

Fax:

Date: 471372024
Page: 6/7

Anchorage figure in 3D:
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AFOS 209 pokzes - Extended report

ALLFASTENERS ﬁ

Company: E-mait

Designer: Phone:

Address: Fax:

Project: Date: 41372024

Comments: Page: Ti7

Anchor: VF22PRO+ & Threaded Rod Zn 8.8 M12

Drilled hole dg x hg = 14 x 100 mm

Embedment depth: hram = 100 mm e

Effective anchorage depth: hes = 100 mm w VE22PR0O+ )
Installation torgue: Tinst = 40 Wm R o e - L,: e i
Base plate: G250

Thickness: t=12 mm

Clearance hole: df = 14 mm
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9.12. End plate and Embed design-Type-4

Below image show location of End plate and Embed design Type-4.

[ald pLan]
8 EEsnns 188 56 57 58 59 60 36

&, 29

15
8
gi‘ﬁu L o N L) iy :
Pan) Pan) P I o I i B A B ] i) Pan) Pan) fan] fan] Pan B )
[l [l [uielwe e e e R e el el el Lk L) LA
T EnTalolalolaaalalaelalaolalnlonlalalnlalal
owun Jaw s JawRas JawRas Jaw R Jaw I JaW A T4 W T I G I 4V IV
fha oD cly oIy ol oIy ol o
Lan) pr) LS
NePes
}_ by o T
8 348

Design Calculation Report for Glazed Roof 142




Check for Plate

For plate, governing reactions is:
Fx =16.933 kN
Fy =8.503 kN

Moment due to Fx, B | - >
Mz =16.933 kN x 0.162m - 7

=2.75 kN.m s aooe T ﬂt o

7 ™\ SECTION

Flexural capacity of plate in Z-direction,
=09xFyxZz

= 0.9 x 250 x ((380 x 16"2)/6)
=3.65kN.m>275kN.m.......... Hence OK

Axial Tension capacity of plate in Y-direction,
=09xAgxFy

=0.9 x (380 x 16) x 250

= 1368 kN > 8.503 kN.......... Hence OK

Combined axial & bending capacity of plate,
=(8.503/1368) + (2.75/3.65)
=076<1.......... Hence SAFE in combined action

Check for 6mm Weld

Fx = 16.933 kKN Axial
Fy = 8.503 kN Shear

Effective throat thickness =0.707 X 6 =4.242 mm

_ fu _ 430 _ 2
T V3XPBwXYMz V3 X0.85x1.25 233 N/mm

Permissible weld stress

Bending stresses fb = %

. F
Direct stress fv = —
texl1

Combined Bending & shear stress =/ (fb)2 + 3(fv)?2

Direct Shear stress in the Weld = Load / Effective area of weld
Ryz = [Fy1/[ Lw x thickness weld]

=[8.503] x 10° /[600 x 4.242]

= 3.34 N/mm?
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Direct Axial (Compression / Tension) stress in the Weld = Load / Effective area of weld

Rx =[ FX]/[ Ly X thickness weld]
=[16.933] x 10° / [600 x 4.242]
= 6.65 N/mm?

Bending stress in the Weld = Moment / Section Modulus

Rp2 = (M) / Zx x weld thickness

Here, Zy =bxd+(d"2/3) for unit weld length
= (2.75) x 10°/ [(100x200)+20072/3 * 4.242]
= 19.45 N/mm?

Check for combined bending and shear stress in the Fillet weld,

fe = [ (RetRor+Ru)’ + 3(Ry2)* 1¥2
= [ (6.65+19.45)* + 3(3.34)* 1"
= 26.74 N/mm? < 233 N/mm2 (Hence, OK)
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Check for Anchor

125 125

100

75

75

100

X
Node number 378 reactions for anchor design is:
Fx =12.66 kN
Fy=15.71 kN
Fz=0kN

Moment(Mz) due to eccentricity = c/c distance of anchor to member center x Fy
=0.170 x 15.758 = 2.68 kN.m
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: 7n8.8 M16 ANCHORS WITH
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ARDS 209 posws - Extended report

ALLFASTENERS ﬁ

Company:
Designer:
Address:
Project:
Comments:

E-mail:

Fax
Diate: 4/13/2024
Page: 1/6

1. Input Data

Selected anchors:

» Alifasteners WVF22PRO+ 8 Threaded Rod Zn 8.8 M16
Imjection anchor Vinylester
Zinc plated
Design based on AS 5216

» Azsessment ETA-20,/0584
Issued by ZUS, on B/17,/2021

» Effective anchorage depth hy = 130 mm

» Drilled hole % x hy = 18.0x 130 mm

Base material:
» Cracked concrete, Thickness of base material h=200mm
Strength class 40MPa, £.=40.0M/mm*
« Wide concrete reinforcement

Rebar spacing a2 150mm for all @ or 32 100mm for @ 10mm

» Mo edge and stirmup reinforcemnent
» Long-term temperature 24°C, Short-term termperature 40°C
« Hammer drilled, dry hole

Adction loads
» Predominantly static and quasi-static design loads, mu..=06

Installation:
» Stand-off with grouwting
Mortar compressive strength must be higher than 30M//mim®
Distance=15.0mm, rotational restraint grade=2.0
« With gap filling

Base plate:
» G250, E=200000M, mm®
f,=2500N/mm?, dy=0.741, fu=ds -y
« Azsumed: rigid plate
» Current thickness: 12.0mm
+ Required thickness is not calculated.
« Rectangle
Side lengthc 285 x 325 mm

Profile:
» Square Hollow Section:  200x5.0 5HS
H W x T x FT [mm]: 200 x 200 x 5.0 0.0
Action point [mm]: [35 0]
Rotation counterclockwize: 90°

Coordinates of anchors [mm]:

Slotted hole
Mao. b ¥ L-x L-y
1 -1025  -1250
2 -275  -1250
3 475 -1250
4 -102.5 0.0
5 -2758 0.0
] 475 0.0
7 -1025 1250
8 -275 1250
g 475 1250

w VF22PRO- | PR

'z Action loads: [EN], [kiNm]

[GpEL

|
lo
i Q,H- “I‘_,:'!gé't

0

a T;:Eﬁ--._

J:_'_'_'---

—

¥

238 113

125

(]

-0
¥

3ks

125

]
=
L+

15
b

100 § 75 ) 75 | 100

he=130
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AFDS 209 posws - Extended report

ALLFASTENERS ﬁ

Compamny: E-nnail:
Designer: Phone:
Address: Fax
Praject: Diate: 471372024
Comments: Page: 2/ 6
2. Anchor internal forces [kN]
Anchor Mo. Tension Mj Shiear'Vi Shear x Sheary [~ —~"~"""—————-— ; ———————————
1 0.000 2224 -2.1B6 0.405
2 0.000 280 -2.186 -1.751
3 0.000 AATT -2.186 -3.907 o—
4 0.000 1.464 1407 0.405 7 Qﬂ"‘ = Gﬁ\
5 0.000 2.246 1407 -1.751
6 0.000 4152 1407 -3.907
7 0.000 Eg 5.000 0,405
B 0.000 L2907 5.000 -1.751 o ~ R
a 0.000 6345 L.000 -3.907 4 % "'% x
Resultant tension force in (fy=0/0): 0 [kKN]
Resultant compression force in (3fy=0/0): O [kN]
Remark: The edge distance is not to scale. ‘EJ1 /E‘I_-: /@]
3. Verification at ultimate limit state based on AS 5216
3.1 Tension load
Redated anchor Action [kN] Resistance [kM] Utilization [%] Status
Steel failure - - - - not applicable
Combined failure - - - - not applicable
Concrete cone fadure - - - - not applicable
Splitting failure - - - - not applicable
3.2 Shear
Related anchor Action [lKMN] Resistamce [kM] Uhilization [%] Status
Steel failure (with | arm) g 6.345 14.676 432 A
Pry-out 8 5.2497 6421 2.5 A
Concrete edge failure (x+) 1.23456780 26.000 31.608 823 W
Steel failure with lever arm
']
Visa=a Mual  Mae=M s (1-NSMNaa] Via=Vin - Buea= Vi
M Mass Sun Mag=Mee - G T & a I=a3+e; v
[Mm] [ld] [kN] [mm] [mm] [mam]
266.0 126.0 0667 84000 20 210 8.0 2400 0.3
he Miss=M s (1-]1F/ M) Vi =0t M/l Vs v Bus
[kM] [Mmn] [kM] [kM] [kM]
0,000 266000 18345 14676 6.345 0.432

Design Calculation Report for Glazed Roof

147




ALLFASTENERS ﬁ

AFDS 209 pwerws - Extended report

Compamy: E-mail:

Designer: Phone:

Address: Fax:

Project: Diate: 4113/2024
Comments: Page: 3/6

Pry-out failure (M. , Decisive)

Nip=Nme - Wi - Wiotp - Worlp ety Wy No =T d b Tu- e Nl Vi Mo Vi Vi~ S
For stand-off installation (overturning moment): Vage =Vike - 0k - oy o, =(hy - &) S/ [er + hy)= 0752 hy, = mindhy, 6d)

h-l'f Tk s Sxrkip Qle d Ih Thi '4'; ':5- ¢|'.|.w
[mm]  [MN/mm7  [mm] [rm] [mm] [mm]  [MN/mmn?]
1300 o0 3504 175.2 16.0 1300 55 1.231 20 0667
i o [
M e Aoy Apn Wanp il gMp Zm 'lli'g_ﬂp s
[lkN] [mm?  [mmd] [mm]
44242 17775 122780 0.145 10 - 10
"thp "l'r‘Np Ev'.f.p,: El'.'.l.l.‘l "I"‘ln.lnl £pa "I"'-x Wy "I"ln.\ll.p Nﬂ.u I"'rhl.p lI"‘E.:ﬂ W FY'H:-
[mm] [mm] [N [k [M] [kM]
10 1.0 L] 0.0 10 1.0 10 6.403 12.806 6421 5297 0825

Related area for calculation of pry-out failure A, -
P ¥

&
=
=]

L2
b
(=]

Concrete edge failure, direction x+

Viee=V'ine Wy Wy Wby Waw Wy Wy Ve =ka-d™ 1 (F) 6" Nl gy =AWy Vise =Vie -
I = minfh, 12d)  a=01-if el B=01-(d/e)”

For stand-off installation (overturning moment): Vige =Vaee -y - ey 0w ={he - 33) /(&1 + he)= 0752 b = min{he, Gd)

hat ks f. thew £ £ o B Ve daw d I
[mimy] [MNfmim’] [mm] [rrumn] [ki] [rmum] [mim]
1300 1.7 40 0667 2500 - 0.072 0.058 68.740 1.000 160 1300
Acy -'“tt-.v' ey Yy [T By Y W Wik e Viae WE Bue
[ [mim?] [rrumn] [ki] [kM] [kN]

200000 281250 aTn 1.364 1210 1055 0.780 1.000 63.215 31.6498 26099 0823

3.3 Combined tension and shear
Imteraction is not necessary.
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AFDS 209 posxun - Extended report

Compamy. E-mail:

Designer: Phome:

Address: Fae

Project: Diate: 4/13/2024
Comments: Page: 4/ 6

Anchor-related utilization

A-Mo. B Pup Bra- Pus B Puce B Bucamt  Pucamt  Pomsict  Bomsi
1 0000 0000 0.000 0.000 0152 0216 0.823 0000 0.823 - -
2 0000 0000 0.000 0.000 019 0435 0.823 0000 0823 - -
3 0000 0000 0.000 0.000 0305 0438 0.823 0000 0823 - -
4 0000 0000 0.000 0.000 0100 0270 0.823 0000 0.823 - -
5 0000 0000 0.000 0.000 0153 0.663 0.823 0000 0823 - -
<] 0000 0000 0.000 0.000 0283 0770 0.823 0000 0823 - -
7 0000 0000 0.000 0.000 034z 0488 0.823 Q.000 0.823 - -
8 0000 0000 0.000 0.000 0361 0.B2s 0.823 0000 0825 - -
g 0000 0000 0.000 0.000 0432 a1 0.823 0000 0823 - -

Bremms @ Highest utilization of indiidual anchors under tension loading except steel failure

L T— Highest utilization of individual anchors under shear loading except steel Gilure

Bromtier - Utilization of individual anchors under combined tension and shear loading exoept steel filure
Bramsar : UMilization of individual anchors under combined terision and shear loading at steel Failune

4. Displacement

Tension loading: T‘F = N*h Jim-d-ly) Shear loading: 1,.-: = 1.;:" F14
Short-term displacerment: ﬁnn = (Bug - -r'rh 1714 Short-term displacement 3.\,-:' = Vkl' - B
Long-term displacement: By = (B - 114 Long-term displacement: By = V." - B
N = B B B B " W Bn B & &
O] M/mm?] [mm/N] [mm’N]  [mm] (mm] [kM] Ml  [mmvkN] [mm/kN]  [mm]  [mm]
0.000 0.000 0.050 0.180 0,000 0,000 6.345 4532 o110 o170 0,493 0.770
5. Remarks

» Capadty verifications of Section 3 are in accordance with A5 5216, For more complex cases which are outside of AS 5216, the
same principles of AS 5216 are still used.

For connections with a flesurally rigid base plate, it is assumed that the base plate is sufficiently rigid. However, the current anchor
design methods (ETAG, Eurocode, AS 5216, ACI 318, C5A A23.3) do not provide any usable guidance to check for rigidity. In the
realistically elastic (flexible) base plate. the tension load distribution bebween anchors may be different to that in the assumed rigid
base plate. The plate prying effects could further increase anchor tension loading. To verify the sufficient base plate bending
rigidity, the stffness condition according to the publication "Reguired Thickness of Flexurally Rigid Base plate for Anchor
Fastenings” (fib Symposium 2017 Maastricht) is used in this software.

For connections with an elastic base plate, the anchor tension forces are caloulated with the finite element method with
consideration of deformations of base plate, anchors and concrete. Background for design with elastic base plates is desaribed in
the paper "Design of Anchor Fastenings with Elastic Base Plates Subjected to Tension and Bending”™. This paper was published in
“Stahlbau B8 (2019), Heft 8 and "5. Jahrestagung des Deutschen Ausschusses fiir Stahibeton - DA 20177

Anchor shear forces are caloulated with the assumption of a rigid base plate. Attention should be paid to a narrow base plate with
a width to length ratio of less than 1/3.

Verification for the ultimate limit state and the caloulated displacement under service working load are valid onldy if the anchors are
installed properly acconding to ETA

For design in aracked concrete, anchor design standards/codes assume that the crack width is limited to £ 0.3mm by
reinforcernent. Splitting failure in cracked concrete is prevented by this reinforcing. The user needs to venfy that this reinforcing is
present in cracked concrete. Generally, conorete structures design standards/oodes (e.g. AS 3600) meet this crack wadth
reguiremnent for most structures. Particular caution must be taken at dose edge distances where the location of reinfordng is not
chearly known.

« Veerification of strength of concrete elements to loads applied by fasteners is to be done in acoordance with AS 5216,

All information in this report is for use of Allfasteners products only. it is the responsibility of the user to ensure that the latest
version of the software is used, and in accordance with AFDS licensing agreement. This software serves only as an aid to interpret
the standards and approvals without any guarantee to the absence of errors. The results of the software should be checked by a
suitably qualified person for comedness and relevance of the results for the application.

The load-bearing capacity of the anchorage is: verified !
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Company: E-mail:
Designer: Phone:

Address: Fax

Project: Date: 4/13/2024
Comments: Page: 5/6
Anchorage figure in 3D:
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AFRDS 209 posxus - Extended report

ALLFASTENERS ﬁ

Company: E-mail:

Designer: Phone:

Address: Fax

Project: Date: 4/13/2024

Comments: Page: G/6

Anchor: VF22PRO+ & Threaded Rod Zn 8.8 M16

Drilled hale: do % hg = 18 130 mm

Embedment depth: hnam = 130 mm SESES

Effective anchorage depthc het = 130 mm = VEIIDDMN. ﬁ
. T O Aslal WS

Installation torgque: Tinst = 80 Nm wat - e =3 ki —

Base plate: G250

Thickness: t=12 mm

Clearance hole: =18 mm

-
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G
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G
9 Q
A0 75 75 a5
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9.13. End plate and Embed design-Type-5

Below image show location of End plate and Embed design Type-5.
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Check for Plate

Fx =15.214 kN
Fy =23.255 kN
Fz = 3.615 kN

Moment due to Fx,
Mz =15.214 kKN x 0.14m
=2.13 kN.m

Moment due to Fz,
Mx =3.615 kN x 0.23m
=0.84 KN.m

Flexural capacity of plate in Z-direction,
=09xFyxZz

=0.9 x 250 x ((260 x 16"2)/6)
=25kN.m>2.13kN.m.......... Hence OK

Flexural capacity of plate in X-direction,
=09xFyxZ

= 0.9 x 250 x ((16 x 260"2)/6)

=40.56 KN.m>0.84 kN.m .......... Hence OK

Axial Tension capacity of plate in Y-direction,
=09xAgxFy

= 0.9 x (260 x 16) x 250

=936 kN >23.255kN.......... Hence OK

Combined axial & bending capacity of plate,
=(23.255/936) + (2.13/2.5) + (0.84/40.56)
=089<1.......... Hence SAFE in combined action

Check for 6mm Weld

Fx = 15.214 kN Axial
Fy = 23.255 kN Shear
Fz = 3.615 kN Shear

Effective throat thickness =0.707 X 6 =4.242 mm

_ fu _ 430 _ 2
T V3 XBwXYMz V3 X085x 125 233 Nfmm

Permissible weld stress

Bending stresses fb = %

. F
Direct stress fv = —
texl1

Combined Bending & shear stress =/ (fb)2 + 3(fv)?2
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Direct Shear stress in the Weld = Load / Effective area of weld
Ryz =[Fy + Fz] /[ Ly X thickness weld]

=[23.255 + 3.615] x 10° / [800 x 4.242]

=7.92 N/mm?

Direct Axial (Compression / Tension) stress in the Weld = Load / Effective area of weld

Rx =[ FX]/[ Ly X thickness weld]
= [15.214] x 10° /[800 x 4.242]
= 4.48 N/mm?

Bending stress in the Weld = Moment / Section Modulus

Rp1 = (M) / Zx x weld thickness

Here, Zy = (b+d)"3/6 for unit weld length
= (0.84) x 10° / [(200+200)"3/6 * 4.242]
=0.018 N/mm?

Rp2 = (M) / Zx x weld thickness

Here, Zx =bxd+(d"2/3) for unit weld length
= (2.13) x 10°/ [(200x200)+20072/3 * 4.242]
= 9.42 N/mm?

Check for combined bending and shear stress in the Fillet weld,

fo = [ (RetRon*Rpo)” + 3(Ryz)* 172
= [ (4.48+0.018+9.42) + 3(7.92)* 1"
=19.69 N/mm? < 233 N/mm2 (Hence, OK)
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Check for Anchor

200

X
Node number 346 reactions for anchor design is:
Fx =22.76 kN
Fy =15.35 kN
Fz=0KkN

Moment(Mz) due to eccentricity = c/c distance of anchor to member center x Fy
=0.140 x 15.35 =2.15 kKN.m

Design Calculation Report for Glazed Roof 155




AFDS 209 pmsx - Extended report

ALLFASTENERS ﬁ

Compamny:
Designer:
Address:
Praject:
Comments:

E-mnail:

Fax
Diate: A/13/2024

Page: 1/7

1. Input Data

Selected anchors:

» Alifzsteners VF22PRO+ & Threaded Rod Zn 8.8 M16
Imjection anchor Vinylester
Zinc plated
Design based on AS 5216

= Azzessment ETA-20,/0584
Issued by ZUS, on B/17/2021

= Effective anchorage depth hy = 130 mm

» Drilled hicde @ x by = 18.0 x 130 mm

Base material:

» Cracked concrete, Thickness of base material h=200mm
Strength class 40MPa, f.=40.0N/mm*

« Wide concrete reinforcement
Rebar spacing az 150mm for all @ or a2 100mm for @ 10mm

» Mo edge and stirmup reinforcement

» Long-term temperature 24°C, Short-term ternperature 40°C

« Hammer drilled, dry hole

Adction loads:
» Predominantly static and quasi-static design loads, d.=06

Installation:
» Stand-off with grouting
Mortar compressive strength must be higher than 30N/mm®
Distance=15.0mm, rotational restraint grade=2.0
« With gap filling

Base plate:
» G250, E=2000000/mm®
f,=250M/mm?, §=0741, fu= & -,
» Assumed: rigid plate
« Current thickness: 12.0mm
» Required thickness is not calculated.
» Rectangle
Side lengthc 300 x 280 mm

Profile:

» Square Hollow Section: 20050 SHS
HxWxTxFT [rmm]: 200 x 200 x 5.0 x 0.0
Action point [mm]: [50, 0]

Rotation counterclockwise: 907

Coordinates of anchors [mm]:
Slotted hole
o. ki ¥ L-x L-y
-1150  -1000
-250  -100.0
650 -10010
-1150 1000
-250 10010
650 1000

[= T R TTR ]
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AFRDS 209 poocxzs - Extended report

ALLFASTENERS ﬁ

Compamy: E-miail:

Designer: Phone:

Address: Fanc

Project: Date: 4/13/2024
Comments: Page: 2/7

2. Anchor internal forces and verification of base plate bending stiffness

Anchor internal forces [kiN)

Anchor Mo. TensionM; ShearV; Shear x Sheary [~—~—~—~—~——------- g """t
1 1.156 7.620 7578 -0.797
2 amz 7.9 7578 2536
3 0.268 0584 7578 L858
4 1.156 0.815 0173 -0.797 8] ] (L
5 oFz 2547 0173 2536 1 5 &
G 0.268 c.am 0173 L858
Terslan
Maximum concrete compressive strain [%e]: 0.0046 @
Maximum concrete compressive stress: 0,14 [M/mm?] Comgrassion *
Resultant tension force in (fy=-62.4/000): 4273 [kKN]
Resultant compression force in ('y=140.7/0.0) 0.658 [kN]
Remark: The edge distance is not to scale. G:—-. GE_!ﬂ E;/

Conditions of verification:

a) o = fyd

B Ny = M
Nhr - highest anchor tension force on flemurally rigid base plate
Mhk - highest anchor tension force on elastic base plate

The proof of the base plate bending stiffness was not carried out.

3. Verification at ultimate limit state based on AS 5216

3.1 Tension load

Related anchor Action [kM] Resistance [kM] Utlization [%] Status

Steel failure 14 1156 84.000 14 A
Combined failure 123456 4273 34954 12.2 S
Concrete cone fadlure 1.23456 4273 37850 113 +
Splitting failure - - - - not applicable
Steel failure
Mids = M - dun Bris = IN®/ Mt

M B Mo M Bras

[kM] [M] [kM]

126.0 0667 84.000 1.156 0014
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Compamy: E-mail:

Designer: Phone:

Address: Fax

Praject: Diate 44132024
Comments: Page: EVar

Combined pull-out and concrete cone failure

o= - e W Y- Wi N =t 00T e N sy =AMy =N Gy
Sabp =730 (W Th) 30 Wgne = W atis - 5/ Seom) - (@ s - 1) 2 1.0

Wanp =N (0 -1/ Te) 210 Tme=k-(ha-Fd /M-d) Waw=073 Gun=06 Pos=10

Tak TRl I d k3 fa har SN CaMp s den Thi 2
[M/mnn™] [N [mem] Mmn®] [mm]  [mm]  [mm]  [mm] [P/
55 a0 1.231 16.0 7 40 1300 3504 1752 1300 0556  11.046

Ntuw Aen Atpu Wenp W b i
kM [mmT  [mm? [mm]
44242 192675 122780 1569 0B46 850

n TP Wome  Whedp  BNex Bapy e Wheney  Whewe  Mnp Mrawp  N® Brio

[mm] [mm] [mm] (eM] (kW] [RM]
6 1754 1267 1301 10 374 00 0824 1000 0824 62918 054 4273 Qa2

Concrete cone failure
] ] [ 11 15 o
M= pe - Wi - Wn~ Whny - Wt W MWpwe =ho o) b [M] ban =AcwfB o Mage =M fen

Nn,;u,‘._ A A':._N W n ki Pen Pt Serl =
M) [mmT  [mmd] [rmm] [mm] [wem]
T2183 206500 152100 1.358 77 0.556 1300 3900 1850

LT W Ehia By Wars Yy Poe Py Py Mg M Bre
[mim] [mm] [kM] [kM] [kM]
083 10 T4 0o 0.839 10 0.839 1.0 68309 37950 4273 0113

Splitting

Verification of splitting failure is not necessary, because:

» The calculations of resistances at concrete cone failure and pull-out failure were conducted for aracked concrete.
+ The crack width is limited to 0 3mm

3.2 Shear

Related anchor Action kM) Resistance [kMN] Uilization [%] Status
Steel failure (with I arm) 3 09534 14629 G655 b
Pry-out 2 79491 84925 845 b
Concrete edge failure (x+) 1.23456 28342 29754 38.6 W

Steel failwre with lever arm
M=o M1 Mass=M s (1-N/Nngs)  Via=Viws - iy Bus=VE N

Mcm.,, Mags $n Mpg=Mps - $up Ty = a3 I=az+e; By

N kN [k [mm] [ [mmy]

266.0 126.0 0667 B4.000 20 21.0 a0 290 08
N Mis=M s (1IN Nass) Vi =0t Mo Vs v Bus
kN] [Nm)] [kN] [kN] kN

0268 265151 18.286 14.629 9584 0655
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Pry-out failure (Mp , Decisive)
0 ']
Mg =M mig - Panip - dramp - Dgnip - Pranip - Wy M rie =10 d - b - To - e [M] Ve =Ka - Mas Vhaep Vi~ S

For stand-off installation [overburning moment): Vage =Vike * 0 ey oy ={hy - &) F [e: + hy)=0.752 hy, = miin{lhy, 6d)
her Thi s Serhip Cerbip d ks Thk e ks Pepv
[mm]  [M/mm®] [ [mim] [rm] [mom]  [Mmmd
1300 9o 3504 1752 16.0 13010 S 1.231 20 0.667
i o [
M pag Aen An Wanp W gnp Sm Yoy bipe s
[M] [rrirn®] [mim?] [rrami]
44242 24706 122780 0.201 10 - 10
W Wranip By Sy ey Ycnieps  Weerpy  Whaewiep My Visecp Vhaen WE By
[rnm] [mm] Ml [N (Ml [kM]
10 10 oo 00 10 1.0 1.0 B.899 17.799 8925 7941 0.895
Related area for caloulation of pry-out failure Ay, -
b Y
o a =]
4 5 [
LK
21%1 S
Concrete edge failure, direction x+
Ve =W - . . . : ; T S T - al Wige =V - S
e = pace " W ™ W~ Wiy~ oy " W™ Whoaw ke =Ka el o N gy =AA Ly Rt =Vike " Pen
= minfhe 12d)  @=01-(i/c) B=01-[d/a)"
For stand-off installation [overburning moment): Vage =V - o - Pov o ={he - 33) 7 ey + )= 0752 he = min{he, Gd)
ht K f. By o €' o B Ve oy d I
[rmy] [M/mm*] [rm] [rnn] [kM] [rmm] [mim]
1300 1.7 40 0.667 265.0 - U070 0.057 74347 1.000 16.0 130.0
Ay Ay Py Uy ey e ey W Ve Vie e B
[maf]  [mm [rnn] [kM] [kM] [kM]
199000 316013 0.630 1.410 1.152 11T 078l 1.000 50.240 29,754 20342 0986
3.3 Combined tension and shear
Anchor Tension{ By ) Shear| By ) Condition Utdlization [%] Status
Steel - - - By FPv=10 - not applicable
Concrete 123456 0122 0986 P+ Be=12 92.4 W
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Anchor-related utilization

A-No. Bria Prup Brc Prus P Prcp Brix Prucamt  Pucomt  Pomsicr Pomsis

1 0014 o2z 0113 0.000 0526 0696 0986 o122 0BG 0924 -
2 0008 nizz 0113 0.000 0540 0.E95 0986 ni1z2 09BG 0924 -
3 0.003 oiz2z 0113 0.000 QG55 0.BB2 0986 o122 Q0BG 0924 -
4 o4 012z 0113 0.000 Q056 0074 0986 0122 Q9BG 0924 -
5 0008 o2z 0113 0.000 o175 0285 0986 o122 Q0BG 0924 -
] 0.003 o2z 0113 0.000 0401 0540 0986 o122 0BG 0924 -

Bracmms © Highest utifization of indiidual anchors under tension loading except steel faiure

By cmunt Highest utilization of individual anchors under shear loading except steel failure

Beamsier - Utilization of individual andhors under combined tension and shear loading except steel filure
Beamear © WHilization of individusl anchors under combined tengion and shear loading at steel failure

4. Displacement

Tension loading: = " fimed-ly) Shear loading: 1..': = F14

Shor-term displacement: B, = (Byg T/ 14 Short-term displacement 8" =" 8y

Long-term displacement By = (Bt - - 1714 Long-term displacement: By = V.h - By
" U B Bren 8, 8" " " e . 8. 8"
K] M/mm?®] [mm®N] [mm®N] [mm] [mim] [&MN] Ml [mmykM] [mm/kN]  [mm] [rmm]
1.156 oaTr 0.050 0.180 0,006 0,023 0.584 6.846 o110 o7 0,753 1.164

5. Remarks

Capadty verifications of Section 3 are in acoordance with AS 5216, For more complex cases which are outside of AS 5216, the
same principles of AS 5216 are still used.

For connections with a flexurally rigid base plate, it is assumed that the base plate is sufficiently rigid. However, the current anchor
design methods (ETAG, Eurocode, AS 5216, ACI 318, C5A A23.3) do not provide any usable guidance to check for rigidity. In the
realistically elastic (flexible) base plate. the tension load distribution between anchors may be different to that in the assumed rigid
base plate. The plate prying effects could further increase anchor tension loading. To verify the sufficient base plate bending
rigidity, the stiffness condition according to the publication “Reguired Thickness of Flexurally Rigid Base plate for Anchor
Fastenings” (fik Symposium 2017 Maastricht) is used in this software.

For connections with an elastic base plate, the anchor tension forces are caloulated with the finite element method with
consideration of deformations of base plate, andhors and concrete. Background for design with elastic base plates is described in
the paper "Design of Anchor Fastenings with Elastic Base Plates Subjected to Tension and Bending”. This paper was published in
“Stzhlbau 88 (2019), Heft 8" and 5. Jahrestagung des Deutschen Ausschusses fiir Stahibeton - DAfStD 20177

Anchor shear forces are calculated with the assumption of a rigid base plate. Attention should be paid to a nammow base plate with
a width to length ratio of less than 1/3.

Verification for the ultimate limit state and the caloulated displacement under senvice working load are valid onldy if the anchors are
installed properly according to ETA

For design in cracked concrete, anchor design standards/codes assume that the crack width is limited to £ 0.3mm by
reinforcemnment. Splitting failure in cracked concrete is prevented by this reinforcing. The user needs to verify that this reinforcing is
present in cracked concrete. Generally, concorete structures design standards,/codes {e.g. AS 3600) meet this crack width
reguirermnent for most structures. Particular caution must be taken at close edge distances where the location of reinfordng is not
chearly knowmn

Verification of stremgth of concrete elements to loads applied by fasteners is to be done in accordance with AS 5216

All information in this report is for use of Allfasteners products only. It is the responsibility of the user to ensure that the latest
version of the software is used, and in acoordance with AFOS licensing agreement. This software serves only as an aid to interpret
the standards and approvals without any guarantee to the absence of emors. The results of the software should be checked by a
suitably qualified person for comrectness and relevance of the results for the application.

The load-bearing capacity of the anchorage is: verified !
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Anchorage figure in 3D:
— . _|
| = £ |
Il ? 3L E
g i . 4
|3 = 2
| P :
8 3 |
3 == 15.214
. — fpsas
3 = 2
I3 : g
— 3
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Anchor: VF22PRO+ & Threaded Rod Zn 8.8 M16

Drilled hole: do ¥ hp = 18x 130 mm

Embedment depthc hnem = 130 mm —

Effective anchorage depthc het = 130 mm = FEEPEH N
Installation tongue: Tinest = 80 MNm = N =3 Hee—u mo—
Base plate: G250

Thickness: t=12 mm

Clearance hode: df = 18 mm
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9.14. End plate and Embed design-Type-6

Below image show location of End plate and Embed design Type-6.

T EE PEGEE T q 38
o
LR RIAN]
HE HEsnne 188 56 57 59 60 =36
L D D
&, 29
s 22
15
8
gi‘ﬁu LI R R
ErEEEEesE
eSS
S-S EEEE
4U9N
s
__{:#;—‘:)j 348
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Check for Plate

For plate, governing reactions is:

4-VF22PRO4+ & THREACED ROD

Fx = 0.448 kN fo a3/ 88 1B AVCHORS W
Fy - 9377 kN T 11 S0mm EMBEDMENT DEFTH
Fz =2.987 kN

Moment due to Fx,
Mz =0.448 kN x 0.140m
=0.063 KN.m

s (. PLATE

Moment due to Fz,

Mx =2.987 kN x 0.165m
=0.5kN.m .

Flexural capacity of plate in Z-direction,
=09xFyxZ 255 M16 ANCHORS W
=0.9 x 250 x ((200 x 12°2)/6) R < e i
=1.08 kN.m > 0.063 kN.m .......... Hence OK ) Nt/
Flexural capacity of plate in X-direction,
=09xFyxZz —
= 0.9 x 250 x ((12 x 200"2)/6)
=18kN.m>05kN.m.......... Hence OK LT

HS 2 X
Axial Tension capacity of plate Y-direction, E S e
=0.9x Ag X Fy G/
=0.9 x (200 x 12) x 250
=540kN>9.377kN.......... Hence OK
Combined axial & bending capacity of plate, v o en |
=(9.377/540) + (0.063/1.08) + (0.5/18) —r ’
=0.104<1 .......... Hence SAFE in combined action —
Check for 6mm Weld FCE
Fx = 0.448 kN Axial T
Fy =9.377 kN Shear
Fz =2.987 kKN Shear
Effective throat thickness =0.707 x 6 =4.242 mm
Permissible weld stress fuy 439 = 233 N/mm?

T V3XPBwXYMz V3 X0.85% 1.25

Bending stresses fb = %

. F
Direct stress fv = —
texl1
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Combined Bending & shear stress =/(fb)2 + 3(fv)?

Direct Shear stress in the Weld = Load / Effective area of weld
Ryz =[Fy + Fz] /[ L X thickness weld]

=[9.377+2.987] x 10° /[600 x 4.242]

= 11 N/mm?

Direct Axial (Compression / Tension) stress in the Weld = Load / Effective area of weld

Rx = [ FX]/[ Lw x thickness weld]
=[0.448] x 10° /[600 x 4.242]
=0.18 N/mm?

Bending stress in the Weld = Moment / Section Modulus

Rp1 = (M) / Zx x weld thickness

Here, Zy = (b+d)"3/6 for unit weld length
= (0.5) x 10%/ [(100+200)"3/6 * 4.242]
= 0.026 N/mm?

Rp2 = (M) / Zx x weld thickness

Here, Zy =bxd+(d"2/3) for unit weld length
= (0.063) x 10° / [(100x200)+20072/3 * 4.242]
= 0.45 N/mm?

Check for combined bending and shear stress in the Fillet weld,

fe = [ (RX+Rbl+Rb2)2 + 3(Ryz)2 ]1/2
= [ (0.18+0.026+0.45)? + 3(11)? |2
=19.06 N/mm? < 233 N/mm? (Hence, OK)

Design Calculation Report for Glazed Roof 165




Check for Anchor

50 60

240

5
Node number 280 reactions for anchor design is:
Fx =2.85 kN
Fy = 0 kN
Fz =4.09 kN
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1. Input Data

Selected anchors:

» Alifasteners VF22PRO+ & Threaded Rod Zn 8.8 M12
Injection anchar Vinylester
Zinc plated
Diesign based on AS 5216

» Aszessment ETA-20/0584
Issued by ZUS, on B/17,/2021

» Effective anchorage depth hey = 100 mm

+ Drilled hote @ x hy = 14.0x 100 mm

Base material:

» Cracked concrete, Thickness of base material h=200mm
Strength clazs 40MPa, £.=40.0M/mm?*

» Wide concrete reinforcernent
Rebar spacing a2 150mm for all @ or 22 100mm for @2 10mm

» Mo edge and stirmup reinforcement

» Long-term temperature 24°C, Short-term termperature 40°C

» Hammer drilled, dry hole

Action loads:
» Predominantly static and quasi-static design loads, gu.=06

Installation:
» Stand-off with growting
Mortar compressive strength must be higher than 30M/mim?.
Distance=15.0mm, rotational restraint grade=2.0
« With gap filling

Base plate:
+ G250, E=2000000, mm®
f,=2500/mm”, §=0741, fu=& -
» Assumed: rigid plate
+ Current thickness: 12.0mm
+» Required thickness is not calculated.
« Rectangle
Side lengthc 350 = 150 mm

Profiles
» Rectangular Hollow Section:  200x100=5.0 RHS
HxWexTxFT [mmi]: 200 x 100 x 5.0 x 0.0
Action point [mm]: [70, 20]
Rotation counterclockwise: 907

Coordinates of anchors [mm]:
Slotted hole
. ks ¥ L-x L-w
-115.0 -45.0
-65.0 -45.0
-115.0 15.0
-65.0 15.0

TR
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2. Anchor internal forces and verification of base plate bending stiffness

Anchor internal forces [kiN)

Andhor No. Tension M Sheari Shear x Sheary [~~~ ~—~"~—"~"—————- g """t
1 1.134 0.466 0222 0409
2 3968 0.466 0222 -0.408
3 2.002 1.272 1204 0.409
4 4.835 1.272 1204 -0.408

Maximum concrete compressive strain [%e]: 0.1525
Maximum concrete comipressive stress: 4.57 [M/mm?]
Resultant tension force in (gfy=-T8.1/-1006)c 11.240 [IN]
Resultant compression force in (u'y=-164.2/-28.4) 7552 [kM]
Remark: The edge distance is not to scale.

Conditions of verification:
a) o = fyd
B Ny = M

Com ] @?

Nhr - highest anchor tension force on flemurally rigid base plate
Mhk - highest anchor tension force on elastic base plate

The proof of the base plate bending stiffness was not carried out.

3. Verification at ultimate limit state based on AS 5216
3.1 Tension load

Related anchor Action [kM] Resistance [kM] Utlization [%] Status

Steel failure 4 4.835 44.667 108 A
Combined failure 1.234 11840 15.643 76.3 S
Concrete cone fadlure 1.234 11040 200777 575 +
Splitting failure - - - - not applicable
Steel failure
Mids = M - dun Bris = IN®/ Mt

M B Mo M Bras

[kM] [M] [kM]

&67.0 0667 44,667 4835 0.108
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Combined pull-out and concrete cone failure

=N - W W - W W~ Woustp N = W70 - - T - e IN]

Sanp =730 W Thser) - $3°h g = Wan - (5 / Seog) - (W'ane - 1) 210

o
Wasp =ApndA on Meunp =Msip - S

Wanp=n = -1) (O Td 210 Tme=ka (ha Fd /(M0 Weuw=07 Guu=06 Yha=10
Tk TRk eer 1% d k3 Fe et SerNp CerNp Iy [ Tk
[N/ man?] [N/ ] [mm] Mmm?] [mm]  fmw]  [mm]  [mm] [M/mar®]
ES o5 1.231 120 77 40 100.0 270.0 135.0 1000 05856 12918
Ntl&,p Pop PltuN e bip W i Crnur
kM [mmf]  [mnmf] [mm]
25524 BOAsD TZO0 1109 0833 600
n '4-":;““ Sm ll*'ah'p lprl.ﬂp Epipx Epipy Yachips Yooy Wi Mrgrnp  Maang M P
[rrmn] [mm]  [mm] [kM] [lM] [kM]
4 1621 B8O 134 10 19 44 0919 0969 0BI0 28157 15643 11940 0763
Concrete cone failure
o a a5 15 o
P =M Rice - e - Wt - Wi~ W - inan Mope =k -(Fe)  -har [M] e =AcniP e Nige =Muse - don
Num‘._ Aen At._N e ky ten har Ser [
[EN] [mim?] [mm?] [mrn] [rmm] [nn]
A8 600 93600 Q0000 1.040 77 0556 1000 300.0 1500
Y W S By Waens  Wony Yaen W M My, N* Bre
[rnam] [rmami] [kM] [kM] [kM]
082 1.0 1149 44 0927 0.a72 0.901 1.0 37309 20777 11840 0575

Splitting
Verification of splitting failure is not necessary, because:

» The calculations of resistances at concrete cone failure and pull-out failure were conducted for cracked concrete.

» The crack width is limited to 0 3mm.

3.2 Shear
Related anchor Action M) Resistamce [kM] Utilization [%] Status

Steel failure (with | arm) 4 1272 5540 29 r
Pry-out 3 1272 1883 328 y
Concrete edge failure (x+) 1234 3363 26.082 129 A
Steel failure with lever arm
Viamow Mual MeeeM s (1N M) VeV o Bus=ViViu,

Mnu,, M = Mpgs=Mpps - Sun D gy CE I=a;+8, Py

[Mm] [i] [Ih] ) [mm] [mim]

105.0 7.0 0667 44667 20 210 6.0 70 08

e Miss=M s (-]} Vit =0 Mgl Vids v By
[N] [Mm] [kiN] [kM] [kM]
4835 03633 £.936 5,549 1272 0229
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Pry-out failure (M., Decisive)
0 o
Nw:N N.p'%Nu'whﬂu'wgﬂu'%ﬂu'wmuw MNoppee =70 -d - b - To - e [M] vﬁiﬁl-':k‘*'nmp vﬁi'—u =I"'rﬂr.l-u'¢l-p'\f'

For stand-off installation (overturning moment). Vage =Vikse - 0 dey oy ={hw - ) /(e + hy)= 071 hy = min{he. 6d)
et Ttk e Serbie Cermip d [ Thk U ke Py
[mm]  [M/mm?]  [mm] [rrm] [rnm] [mm]  [Nfmm®]
100.0 95 2700 1350 120 100.0 55 1231 20 0.667
[ o 3
N pe Ak Aou Wakip W g Sm Yy hip Uhs
fleM] [ [mim?] [rri]
25524 14064 T2e01 0193 10 - 1.0
Wing Wranp By Buepy  Wewpe Weewepy  Whewsp Mg Viecp Vigen Uid B
[rm] [rmm] TkM] [kM] [eM] [kM]
0.833 1.0 0.0 0.0 1.0 1.0 1.0 4.103 8.207 3883 1272 0328
Related area for calculation of pry-out failure Ay, ©
b ¥
a8
3l 4 N
a |8
| 2
Rarrark Etdge distance 2] is ml 1o sk,
Concrete edge failure, direction x+
W _1'.1'] . . . . . . 1||,r3 — 'd='|.|E'f' LU = AI] Wi =W “_‘
e =V hee " Wiy " Wy " Wy " Wy~ Waey ™ Wraw ke =K Fel o N gy =AufALy Rk =Vike ~ Pey
I = minfhe, 12d)  a=01-(k/c) B=01-@d/e)
For stand-off installation (overtuming moment): Waee =V - oh - ey o ={he - 33) /(& + )= 071 e, = minihg. Gd)
het ks f. ey o o a B Vi v d I
[rnm] [/’ [mim] [rnm] [lM] [mm] [rm]
100.0 1.7 40 0667 2800 - 0.058 0.053 TB.383 1.000 120 100.0
Ay Aw % et & by U Vee Ve v Pue
[mf]  [mim?] [rmm] (k] [lM] [N
186000 378450 04m 1.475 1023 235 0949 1.000 L5128 26082 3363 0129
3.3 Combined tension and shear
Anchor Tension{ B ) Shear{ By ) Condition Utilization [%] Status
Steal - - - By + Bv £10 - not applicable
Concrete 3 0763 0328 B+ B 210 854 v
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Anchor-related utilization

A-Mo. B Boup Brac Prusz B Brcp B Brucmmt  Pucomt  Bonscr Bomsisr
0025 0763 0575 0000 07T o120 0129 0763 0129 0713 -
0.089 0763 0575 0u000 ouoe2 0,057 0129 0763 0129 073 -
0.045 0763 0575 0u000 0214 0328 0129 0763 0328 0,854 -
0108 0763 0575 0u000 0229 0.155 0.129 0763 0,155 0728 -
Brcnmg : Highest utilization of indiidual anchors under tension loading except stesl Failure

Byemanr : Highest utilization of ndividual anchor under thear loading except stes| Eailurs

Bramsier - Utilization of individual anchors under combined tension and shear loading except steel Bilure

Bromtpr : UMilization of individusl anchors under combined tension and shear loading at steel failue

[ TYy X

4. Displacement

Tension loading: R Jimed-lg) Shear loading: vkh ot 14

Short-term displacement: ﬁnn = (Bua - T*h 1714 Short-term displacement 3.,.[' _ “h E

Lang-term displacement By = (B = 1/14 Long-term displacement: By = "-"ih - Even
T I v w8 B & 8
kN]  MN/mrd] [mmN] [mm®N]  [mm]  [mm] KN] kM) [movkN] [mm/kN]  [mm] ]
4,835 1283 0.090 0320 0.082 0.293 1272 0.909 0200 0300 a2 0.273

5. Remarks

» Capadty verifications of Section 3 are in accordance with AS 5216, For more complex cases which are outside of AS 5216, the
same principles of AS 5216 are still used.

For connections with a flexurally rigid base plate, it is assumed that the base plate is sufficiently rigid. However, the current anchior
design methods (ETAG, Eurocode, AS 5216, ACI 318, C5A A23.3) do not provide any usable guidance to check for rigidity. In the
realistically elastic (flexible) base plate, the tension load distribution between anchors may be different to that in the assumed ngid
base plate. The plate prying effects could further increase anchor tension loading. To verify the sufficient base plate bending
rigidity, the stiffness condition according to the publication "Reguired Thickness of Flexurally Rigid Base plate for Anchor
Fastenings” (fib Symposium 2017 Maastricht) is used in this software.

For connections with an elastic base plate. the anchor tension forces are caloulated with the finite element method with
consideration of deformations of base plate, anchors and concrete. Background for design with elastic base plates is desaibed in
the paper "Design of Anchor Fastenings with Elastic Base Plates Subjected to Tension and Bending”. This paper was published in
“Stahlbau B8 (2019), Heft 8 and 5. Jahrestagung des Deutschen Ausschusses fir Stahibeton - DAfSth 20177

Anchor shear forces are calculated with the assumption of a rigid base plate. Attention should be paid to a namow base plate with
2 width to length ratio of less than 1,/3.

Verification for the ultimate limit state and the caloulated displacement under senvice working load are valid only if the anchors are
installed properly according to ETA.

For design in cracked concrete, anchor design standards/codes assume that the crack width is limited to = 0.3mm by
reinforcement. Splitting failure in cracked concrete is prevented by this reinforcing. The user needs to verify that this reinforcing is
present in cracked concrete. Generally, conorete structures design standards/‘oodes (e.g. AS 3600) meet this crack width
reguirement for miost structures. Partioular caution must be taken at cose edge distances where the location of reinfordng is not
chearly known

Verification of strength of concrete elements to loads applied by fasteners is to be done in accordance with AS 5216

All information in this report is for use of Allifasteners products only. It is the responsibility of the user to ensure that the latest
version of the software is used, and in accordance with AFOS licensing agreement. This software serves only as an aid to interpret
the standards and approvals without any guarantee to the absence of ermors. The results of the software should be checked by a
suitably qualified person for comectness and relevance of the results for the application.

The load-bearing capacity of the anchorage is: verified !
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Anchorage figure in 3D:
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Anchor: VF22FRO+ & Threaded Rod Zn 8.8 M12

Crilled hole: dao x hy = 14 x 100 mm

Embedment depth: hnam = 100 mm S

Effective anchorage depthc het = 100 mmn = VEIIDDMN 'ﬁ
- L T 1) "

Imstallation torque: Tinst =40 Nm o i =moa —

Base plate: G250

Thickness: t=12 mm

Clearance hole: df = 14 mm

L ¥
350
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9.15. End plate and Embed design-Type-7

Below image show location of End plate and Embed design Type-7.
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Check for Plate

For plate, governing reactions is:
Fx =25.674 kKN
Fy =0.736 kN

Moment due to Fx,
My = 25.674 kN x 0.040m
=1.03 kN.m

Flexural capacity of plate in Y-direction,
=09xFyxZ

= 0.9 x 250 x ((200 x 1272)/6)

=1.08 kN.m>1.03 kN.m .......... Hence OK

Axial Tension capacity of plate in Y-direction,
=09xAgxFy

=0.9x (200 x 12) x 250

=540 kN >0.736 kN.......... Hence OK

Combined axial & bending capacity of plate,

=(0.736/540) + (1.03/1.08)
=096<1.......... Hence SAFE in combined action

Check for 6mm Weld

Fx = 25.674 KN Axial
Fy = 0.736 kN Shear

Effective throat thickness =0.707 X 6 =4.242 mm

.. f, 430
Permissible weld stress = u = =233 N/mm?
V3 X BwXYMz V3 x0.85x1.25

Bending stresses fb = %

. F
Direct stress fv = —
tex1

Combined Bending & shear stress =/ (fb)2 + 3(fv)?2

Direct Shear stress in the Weld = Load / Effective area of weld
Ry = [Fy] / [Lw X thickness weld]

=[0.736] x 10° /[400 x 4.242]

= 0.44 N/mm?
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Direct Axial (Compression / Tension) stress in the Weld = Load / Effective area of weld
Rx =[ FX]/[ Ly X thickness weld]

=[25.674] x 10° / [400 x 4.242]

= 15.13 N/mm?

Bending stress in the Weld = Moment / Section Modulus

Ro
Here, Zy

(My) / Zx x weld thickness

(b+d)~3/6 for unit weld length

= (1.03) x 10° / [(100+100)"3/6 * 4.242]
=0.18 N/mm?

Check for combined bending and shear stress in the Fillet weld,

fo = [ (Re+Ro)? + 3(Ry,)* 1*°
= [ (15.13+0.18)* + 3(0.44)* J*2
= 15.33 N/mm? < 233 N/mm2 (Hence, OK)
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Check for Anchor

240*

65

95

Node number 352 reactions for anchor design is:

Fx = 1.48 kN
Fy = 0.00 kN
Fz= 29.25 kN

Moment due to eccentricity = c/c distance of anchor to member center x Fy

=0.140 x 29.25 = 4.1 KN.m

110
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1. Input Data

Selected anchors:

» Alfasteners VF22PRO+ B Threaded Rod Zn 8.8 M156
Imjection anchor Vinylester
Zinc plated
Design based on AS 5216

» Assessment ETA-20,/05084
Issued by ZUS, on B/17/2021

» Effective anchorage depth hey = 130 mm

» Drilled hole @ x hy = 18.0 x 130 mm

Base material:

» Cracked concrete, Thickness of base maternial h=200mm
Strength class 40MPa, £.=40.08/mm*

=« Wide concrete reinforcement
Rebar spacing az 150mm for all @ or 32 100mm for @2 10mm

» Mo edge and stirmup reinforcement

» Long-term temperature 24°C, Short-term termperature 40°C

« Hammer drilled, dry hole

Action loads:
» Predominantly static and quasi-static design loads, d.=0.6

Installation:
» Stand-off with grouting
Mortar compressive strength must be higher than 30M/mim*.
Distance=15.0mm, rotational restraint grade=2.0
« With gap filling

Base plate:
» G250, E=2000000,/mm®
£,=2500/mm?, §y=0.741, fu=ds - f;
« Assumed: rigid plate
» Current thickness: 12.0mm
» Required thickness is not calculated.
« Rectangle
Side lengthc 195 x 200 mm

Profile:
» Square Hollow Section:  100x5.0 SHS
H 2 W x T FT [rmm]: 100 x 100 x 5.0 0.0
Action point [mm]: [45, 0]
Rotation countercloclkowize: 07

Coordinates of anchors [mm]:
Slotted hole
. b ¥ L-x L-y
-625  -5L0
25 =550
-62.5 550
25 55.0

T g
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2. Anchor internal forces and verification of base plate
Anchor internal forces [kiN]

bending stiffness

Anchor Mo. Tension N; Sheari Shear x Sheary [~ ~—~——"—~———————- ; ———————————
1 0.000 0.265 0265 0000
2 2961 0.265 0265 0000
3 0.000 0.265 0265 0.000
4 2.9a1 0.265 0265 0000

Maximum concrete compressive strain [%e]: 0.1586
Maximum concrete compressive stress: 476 [Mmim?]
Resultant tension force in (x/y=2.5/00} 5.922 [kN]
Resultant compression force in (34fy=-76.9/0.0): 31.604 [kN]
Remark: The edge distance is not to scale.

Conditions of verification:

a) o = fyd

By Ny = N
Nhr - highest anchor tension force on fleurally rigid base plate
Nhk - highest anchor tension force on elastic base plate

The proof of the base plate bendin

3. Verification at ultimate limit state based on AS 5216
3.1 Tension load

g stiffness was not carried out.

Related anchor Action kM) Resistamce [kM] Utilization [%] Status

Steel failure 24 2961 84.000 35 A
Combined failure 24 54922 23506 25.2 A
Concrete cone fadure 24 Lo 32348 183 4
Splitting failure - - - - not applicable
Steal failure
Mrs = Mies - dun Bois = N® Mgy

Peg o Bn Mt M Brus

[kM] [lr] [kM]

126.0 0.667 84.000 2.961 0.035
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Combined pull-out and concrete cone failure

I o o
i pp =N rece - e - Pape 'n'ia“u' e i+ Whapip :'I Fp = Yl - TT f h .um e N dase =ApA oo Maanip =M - $pp
Safp = 7.3 d - (s - TRewer) 231 Wate = W grp - (5w / Seomp) - (0 g - 1) 210

] nE @5 15 05 [
Wosp=n - -1 (Tl T 210 Tue=ki (M F /M8 Q=073 Guu=06 =10
Thk Thipeer I d ka fe ™ Serhp [T Iy [ Thie
[Nrman] [N ra] [mim] [Mmar] ] [mm]  [mm]  [mm] M)
19 a0 1.231 16.0 7 40 1300 3504 1752 1300 0556 11.046
Ntuw Aon AEPN e nip Winip S
kN [mm®]  [mm] [mm]
44247 124335 122780 113 0863 95.0
1] 'll-'taluu Em '-I-"ahb 'L'rl.ﬂp = Bripy "I-"-cNu.l "I-"Iu.hbw "l-"lx.hb NH:.NH NFI:LNH N Eﬂ.u
[mim] [mm]  [mm] [ichd] k] [kM]
2 1215 1100 1.095 10 a0 o0 1.000 1000 1000 42311 23506 5922 0252
Concrete cone failure
o o a5 15 o
Mo =M e - W - Wans - Wr - e - Wi Mope =ki -{fe)  -ha [N] Wan =AeplB cn Mase =M - e
N“m‘._ Ay At._N W b ki fen Far Seri Cer
[kM] [mm®  [mm?] [mm] [mm] [
72183 145000 152100 0.953 7T 0.556 1300 390.0 195.0
Yn Won Eps By Yems Wy  Waen Pun My . M ' B
[mm]  [mm] [kM] [kM] [iM]
0845 1.0 0.0 00 1.0 1.0 1.0 1.0 L8227 32348 o2z 0.183
Splitting
Verification of splitting failure is not necessary, because:
» The calculations of resistances at concrete cone failure and pull-out failure were conducted for oracked concrete.
» The crack width is limited to 0. 3mm.
3.2 Shear
Related anchor Action [kN] Resistance [kM] Lhilization [%] Status
Steel failure (with . arm) 24 0.265 14159 19 A
Pry-out 1234 1.059 60.605 1.7 A
Concrete edge failure (x+) 1.234 1.059 21370 5.0 W
Steel failure with lever arm
o
W= M o1 Pl =M s (1[N Mpa ) Wit s =Vhies - i Pus =Vt Vias
Mcm.,‘ Mas.s $an Mg =Mis ~ S Dy gy EE I=a;+e, Pow
[Mm] [ihi] [ih] [rmm] [mm] [mm]
266.0 126.0 0.667 B84.000 20 210 a.0 290 0.8
h Misa=M s (1-[N"/ M) Vita= i Migeo/1 Vi v B
[kM] [Mm] [kM] [kM] [kM]
2961 256.624 17.698 14155 0.265 0me
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Pry-out failure (Mg, , Decisive)
) ']
Mrsep=M g - Wanp - Winp - Wanp - Pranp - Wecvep M ke =T0-d - ke - Ta - e [M] ll'fm-w:k‘a'”mp lI'IIFlE'-'-M =I"'rﬂr.l-u'¢l-p‘f'

For stand-off installation (overturning moment): Vaee =Viks - 06 - deey oy =[hy, - ) / (es + hy)=0.752 hy, = miinhy, &d)

h-II' Thk e Sirhip 1:Llr\lp d IlJ Thik 'il-||. ';6- ¢".|.|,I|I
[mm]  [M/mm®  [rom] [mm] [mm] [mm]  [N/mmd
1300 90 3504 1752 160 1300 Lt 1.231 20 0.667

1 ] [

M Rikg l'!q'w‘.l'! A BN '«IJA.NH qJ nHp S 'll-l'g_ﬂp '-l'm.
[kN] [mrn] [mm®) [rrumi]
44247 154268 122780 1.256 152 875 126
W g W b Bepx By Worveps  Waenepy  Waouep May Vg ep Vi n W By
[mmy] [mim] ] [k [M] [kM]
08683 10 00 0o 1.0 1.0 10 60433 120866 600605 1.053 oy
Related area for calculation of pry-out failure A, ©
d
% %
l-K
% 9
Concrete edge failure, direction x+
Vige=Vre - - c - - c T L =B A Vige =V - e
e =Y hice Wi ™ W " Wi ™ W~ Wey ™ Weaw ke =Ko Fel o Nl gy =AuA Ly Rt =Vike ~ ey
I = minfhe, 12d)  @=01-(i/c) B=01-d/e)"
For stand-off installation (overturning moment): Ve =V - - ey 0w ={he - 33) / (&4 + )= 0752 b = mini{h. 6d)

Mt ks £ v & o = B Ve U d I
[mm] [M/mim’] [mm] [mam] [l [rrum] [mm]
1300 17 40 0.667 160.0 - 0.080 0.063 37832 1.000 16.0 1300
Ay Aw b o Yy e Py Wy Ve Ve v B
[mm®  [mm? [mam] [l [M] [kN]

118000 115200 1024 1.065 1.000 0.0 1.000 1.000 4268 21370 1.059 0.050
3.3 Combined tension and shear
Anchor Tension] Bu ) Shear{ By ) Condition Lhilization [%] Status
Steel - - - Bw+ B 210 - not applicable
Concrete 24 0252 0.050 B+ P 210 13.7 V
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Anchor-related utilization

A-Mo. B Bup Brac P Bua Bucr B Bucmme  Bucomt  Brombicr  Bowsise
1 0000 0000 0O0D0 0000 | 0018 Q017 0050 | Q000 0050 001 -
2 0035 0252 Q83 0000 | 0019 Q017 0050 | 0252 Q0S0 0437 -
3 0000 0000 0000 0000 | 0018 Q017 0050 | 0000 0050 00T -
4 0035 0252 Q83 0000 | 0019 0017 0050 | 0252 0050 0437 -

Bremms © Highest utilization of indiidual anchors under tension loading except stesl Failure

[ T— Highest utilization of ndividual anchor under shear loading except stes| Eailurs

Bromtier - Utilization of individual anchors under combined tension and shear loading exoept steel filune
Beamsar © UMilization of individusl andhors under combined tension and shear loading at steel failunes

4. Displacement

Tension loading: =N med Shear loading: e 1
Short-term displacement: By = {Bwa - " 114 Short-term displacement B =Vi - B
Long-term displacement B = (B - o 1714 Long-term displacemeant: B =" By
N_._h T*h Sh!: Shhv- ENIZI lﬁNﬂu !'H-h I|llll:I- S\II 'S‘n‘v- 5“.0 avrv
kM) NSmd] [mdN] [mméN] [mim) [ [kM] [M]  [mm/kN] [mmdki]  [mm] [mim]
2961 0.453 0.050 0.180 0016 0.058 0.265 0189 0110 0170 0021 0.032
5. Remarks

» Capadty verifications of Section 3 are in accordance with AS 5216, For more complex cases which are outside of AS 5216, the
same principles of AS 5216 are still used.

For connections with a flexurally rigid base plate, it is assumed that the base plate is sufficiently rigid. However, the cumrent anchior
design methods (ETAG, Eurocode, AS 5216, ACI 318, C5A AZ23.3) do not provide any usable guidance to check for rigidity. In the
realistically elastic (flexible) base plate, the tension load distribution between anchors may be different to that in the assumed ngid
base plate. The plate prying effects could further increase anchor tension loading. To verify the sufficient base plate bending
rigidity, the stiffness condition according to the publication "Required Thickness of Flexurally Rigid Base plate for Anchor
Fastenings” (fib Symposium 2017 Maastricht) is used in this software.

For connections with an elastic base plate, the anchor tension forces are caloulated with the finite element method with
consideration of deformations of base plate, anchors and concrete. Background for design with elastic base plates is desaibed in
the paper "Design of Anchor Fastenings with Elastic Base Plates Subjected to Tension and Bending”. This paper was published in
“Stahlbau BB [2019), Heft 8 and 5. Jahrestagung des Deutschen Ausschusses fir Stahlbeton - DAfSth 20177

Anchor shear forces are calculated with the assumption of a rigid base plate. Attention should be paid to a narrow base plate with
& width to length ratio of less than 1/3.

Verification for the ultmate limit state and the caloulated displacement under service working load are valid ondy if the anchors are
installed properly according to ETA

For design in aracked concrete, anchor design standards/codes assume that the crack width is limited to = 0.3mm by
reinforcement. Splitting failure in cracked conorete is prevented by this reinforcing. The user needs to venfy that this reinforcing is
present in cracked concrete. Generally, conarete structures design standards/codes (e.g. AS 3600) meet this crack wadth
requirement for most structures. Particular caution must be taken at close edge distances where the location of reinfordng is mot
chearly known

« Verification of strength of concrete elements to loads applied by fasteners is to be done in accordance with AS 5216

All information in this report is for use of Allfasteners products only. It is the responsibility of the user to ensure that the latest
version of the software is used, and in accordance with AFOS licensing agreement. This software serves only as an aid to interpret
the standards and approvals without any guarantee to the absence of ermors. The results of the software should be checked by a
suitably qualified person for correctness and relevance of the results for the application.

The load-bearing capacity of the anchorage is: verified !
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Anchorage figure in 3D:
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Anchor: VF22PRO+ & Threaded Rod Zn 8.8 M16
Drilled hole: do x hp = 18 x 130 mm
Embedment depth: hnom = 130 mim
Effective anchorage depthc het = 130 mmi
Installation torque: Trest =80Nm T - | —
Base plate: G250
Thickness: t=12 mm
Clearance hole: df = 18 mm
b ¥
195
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