Victoria Warehouse, Manchester

bk

Consultant Advice Note

Job Number: 14934
Project Title: Victoria Warehouse, Balcony Check, Manchester.

Purpose of Note:  Review of an existing balcony structure at Victoria Warehouse

Date: 24 August 2023

Introduction:

Booth King Partnership Ltd (BKPL) have been appointed to review the structual stability of the balcony
at Victoria Warehouse, Stretford, Manchester, from the proposed public crowds loading.

This report assesses the existing and proposed loads imparted on the structure, to determine if any
structural alteration is required to suit.

This is to satisfy two principal questions in the immediate short term to satisfy all that the balcony can
continue in use:

e Are the calculations provided by Harry Seymour & Associates in accordance with the as built
situation.

e Are the ties fixing the columns back to the existing structure within design capacity.

All detail information has been provided by Harry Seymour & Associates in drawing and calculation
package, Victoria warehouse, Old Trafford — 10104 - Rev B — Oct 2013 (Figure 1).
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1 Loading

1.1 Load Assessment

boothking

PARTNERSHIP LIMITED

The balcony has been designed to comply with imposed loadings as specified in BS6399-1:1996 and
BS EN 1991-1-1:2002 category C5.

1.1.1. Load takedown:

Weight (kN/m?)

Deck Lightweight 0.68

Steel Frame 0.20

Cat C5 5.00
Total 5.88kN/m?

1.1.2. Loading Combinations:

e STR-1.0G+1.5Q+ 1.5RQ

1.1.3. Applied Loading:

Line load calculated based on the assumption each balcony steelwork section carries 4.1m spanning deck.

Loads - General

Dead Imposed |SLS kN/m  [ULS kN/m
kN/m? kN/m?
Deck Lightweight 0.68 2.79 3.77
0.82 1.11
Steel Frame 0.20
20.50 30.75
Cat C5 5.00
Total 24.11kN/m | 35.63kN/m
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2 Existing Structure
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Figure 1 - Typical section detail of the balcony steelwork.

BKPL attended site on 16/08/2023 to review the existing balcony structure. Following our site
inspection, the as built situation closely follows the drawing, with some minor differences in the cleat
fixing back to masonry (these make no difference to the design results). The principal structural tie
back to the structure is at the head of the columns, formed by 2no. PFCs, each with a minimum of 4
bolts fixed into the concrete encased steel beams.

Room C2, 2nd Floor, Planetree House, 21-31 Oldham Street, Manchester, M1 1JG Email: office@booth-king.co.uk
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3 Analysis

The following section provides the structural justification for capacity of existing balcony, and further
calculations were carried out to see the pullout resistance of the ties from the balcony back to the
main building.

e Steel sizes are as per the existing drawing.
e  Existing Steel Beam & Plate Grade S355.

v

A

Figure 2 - The image shows the
steel work for the balcony.

The model was simplified by ignoring the masonry ties along the height of the column back into the
masonry piers, and only includes the pair of ties at the head of the column — this is a conservative
assumption.

Following multiple analyses of the balcony steelwork, under loading in both favourable and
unfavourable positions, the balcony members are within strength design limits for resultant forces,
design shears and moments.

The deflection on the tip of the cantilever is within serviceability parameters.

It should be noted that the applied design load of 5kN/m? is approximately double the maximum
capacity of people on the balcony. The design situation is therefore conservative.

The resultant design reaction at the head of the column is a 45kN (ULS) tie force (see Figure 3) —a
visual confirmation on site shows that there are at least 8 M12 fixings on each frame fixed back into
the existing concrete encased steel structure. This equates to 5.6kN per bolt, which is within the
capacity of an M12 bolt fixed to concrete.
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Figure 3 - The image shows the reactions for the balcony
structure (SLS and ULS).

e

Figure 4 -The images show the bending moments for the

balcony structure (SLS and ULS)
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Figure 5 - The image shows the deflected shape of the balcony

Summary UC 254x254x89(5355)

(imposed)
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Design Condition # |Design Value |Design Capacity|Units | U.R. Status
Classification 1 Class 1 - - - Fass
Shear Major 1 736 704,58 kM| 0,104 Pass
Shear Minor - Mo farces kM - | Mot required
Buckling Shear Web - 21,913 59,423 - - Pazs
hament Major 1 -73.6 429.8| kMm| 0,171 Pass
koment Minor - Mo forces kMm - [ Mot required
Axial 1 -212.4 3979.9 kM| 0.053 Pass
Axial Bending Combined 1 - - -1 0,173 Pass
Buckling Lateral Torsional | 1 -73.6 429.8| kMm|0.171 Pass
Buckling Compression Mo forces Mot reguired

Buckling Combined Mo forces Mot reguired
Torsion Mo Significant Forces Mot reguired
Deflection Slab - Mo loads i - [Mat required
Deflection Dead 1 -0.3 8.0| mm|0.034 Pass
Deflection Imposed 1 -1.5 11| mm|0.138 Pass
Deflection Total 1 -1.9 20,0 mm| 0,094 Pass

Figure 6 - The image shows the summary of analysis results for the balcony beam.
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4 Discussion and Conclusion

The balcony beam has fixed connections to the column, with the brace strut modelled as pinned,
forming a 2D frame. This is then repeated at 4.1m c/c, and linked with secondary steelwork. Each
column is tied back to the existing structure.

Based on the existing design information, the vertical load applied to the elevation is 5.88kN/m?2.
Therefore, per frame, the applied load is 35.63kN/m.

This results in a conservative tie force (45kN) to the concrete encased steel beams. Appendix A
presents an equivalent fixing into concrete, which is satisfactory.

Based on the information available, the loading will have a negligible impact on the existing structure.

Whilst the frame analysis raises no alarms, we would suggest some further analysis is undertaken to
demonstrate a footfall analysis on the full balcony structure to check if there are any vibration issues.
The fact there is no sign of distress, nor complaints of ‘bounce’ in the balcony over the years of use
suggests this is a conservative check, but it would close out any concerns.
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5 Appendices

5.1 Appendix A

Hilti PROFIS Engineering 3.0.87
e hilltioeo.uk
Compary: Page: 1
Address: Specifiar:
Fhone | Fax: I E-Mail
Dessign: Conerete - 15 Aug 2023 Date: 1540812023
Fastening Point:
Specifier's comments:

1 Anchor Design

1.1 Input data

Anchor type snd sizs: P Wﬂ

Return period (service ife in years) 50

Hem numier: 2203585 HUS4-H 12x70 10-F

Hilti Filling Set or any suitable annular gap filling solution

Effective embedment depth: Ny ® 45.9 MM (g e ® 458 MM), Ny, = 60.0 M

Material: Carbon Steel

Approval Mo ETA-2MD857

Essued | Valid: 1410772022 | -

Proaf: SOFA based on EN 1992-4, Mechanical

Stand-off installation: &, = 0.0 mm (ne stand-off]; t = 10.0 mm

Ledger Angle™™™ Ly®L b, xtoxl= 1500 mmx 75.0 mem x 10.0 e x 1000 mm 2 1,40000 mm,

Lead Paint Height: h,, = 75.0 rm

Base material eracked concrete, C20025, 1, = 20,00 Mimm®, h = 110.0 mm, Uses-defined partial material safety
faetor 7, = 1.500

Installation: hammer drilled hole, Installation condition: Dry

Reinforcement: e reinforcement or Reinforcement spacing >= 150 mm (any &) or >= 100 mm (@ <= 10 mm)

o longitudingl edge renforoement

. The anchor calculation is based on a component-based Finte Elermant Method (CEFEM)

Geometry [mm] & Loading [kN, kNm]

WAl S e restls TesLEa chacked for conleimily i i daisting cordLions and for pass bt
PROFIS Enginearing | ¢ ) A003-309 HIl AJ, FLO40 Serasn Hli 5 4 regiiened Trasemsarn of Hisl A5, Schasn
1
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Compary: Pape: 2
Address: Specifiar
Fhome | Fax: | E-Mail:
Design: Concrebe - 15 Aug 2023 Drade: 1500872023
Fastaning Point:
1.1.1 Load combination
Case  Descsiplion Forces [kN] ! Momenis [kMm] Sajamic Fire  Max UBL Anchor 5]
1 Combinaikon 1 N = 0u000; , = 22.500; W, = 0.000; no no 52
M, = 0.000; M, = 0.000; M, = 0.000;
1.2 Load case/Resulting anchor forces
Anehor reactions [KN]
Tension force: (+Tension, -Compression)
Anchor Tension fofce  Shear foioe Shear force x Shear borce y
1 03568 5.733 5714 0474
2 D.or8 5691 5.680 -0.158 = =
3 2.709 5.528 5.488 0574 @ g
4 0.745 5,600 5600 0.053 Tensicn  Compressicn
resulling lensson fonce in (xy)=(-310.5-22.1) 3.869 [kN]
resulling compression force in (oy)=(14.1521.3): 4,643 [kN]
Anchor forces are calculaled based on a componeni-based Finite Element Method {CBFEM)
Il s wnd resulls sl be cheched for o Wil T e fhiiees el for Laliny!
Fﬁﬂ"ﬁ-Eﬂﬂl‘iiqu| 2 ) 0052033 Hls A3, FL-D40 S i I'H.lr.ii Iwﬂlid T e o ol I BT i
2
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Hilti PROFIS Englneering 3.0.87
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Comparny: Page: 3

Addresa: Specifiar:

Fhame | Fax: | E-Mail:

Design: Condrebe - 15 Aug 2023 Cate: 151082023
Farstening Point:
1.3 Tension load (EN 19892-4, Section T2.1)

Load [kN] Capacity [KN] Utilization Py [%] Status

Stes Tailure” 2709 52667 B OK
Pull-out fadure” 2708 6.86T7 41 Ok
Concrete Breakoul lalure™ 2708 T7.138 338 Ok
Spltting Tailuna™ MiA A MiA &
* highist loaded anchor  **ancher group (anchors in tension)

1.3.1 Steel Tailure
My, <My, Py EM 1382-4, Tabie 7.1

rl.u
Mg, [kM] Tt My, [M] Mg [KN]
TE.ODD 1.500 22.66T7 2708
1.3.2 Pull-out Tailure
My, Mg, = Yo N, EM 19924, Tahle 7.1
P T-Hp
My, [KM] ¥e Tug P [KN] My [KH]
10000 1.000 1.500 G867 2709
Inpul daia and resulls musi Be b fewr cozei il T o ditieres and for ibs g1
PROFIE Engireating [ ¢ ) 20033033 Hil AQ, FL-04 Eshaen Hill ks agratered Tredeman of Hill &0, Schaan
3
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Compary: Page: 4
Address: Specifier:
Phome | Fax: | E-Mail:
Design: Condarete - 15 Aug 2023 Date: 15/082023
Fastening Point:
1.3.3 Concrete Breakouwl failure
Mes = Mpa, Erﬂ-i EM 1992-4, Table 7.1
M
My - " M =2 Wan " Yan " Yeru " Yaan " Yus EN 13924, Eq. (7.1)
K
(T sk, -V EM 18924, Eq. (7.2)
A, =8B, EN 13924, Eqg. (7.3)
o =D7+0.3 f <100 EN 13924, Eq. (7.4)
Woin <1100 EM 19924, Eq. (7.6)
e ( =)
R —_— 100 EM 19924, Eq. (7.6)
1 . (2 En:]
.g-crN
Wk "1 EM 18924, Eq. (7.7)
a 7] 2
Agy [mm’] Acy [mm € [MM] B[] Ty [MeMM]
16,961 18.961 GB.B 137.7 20.00
By py [em] ¥ acin 2oy [mm] ¥z Wan Youn
0.0 1.000 0.0 1.000 1.000 1.000
Z [imum] ¥ oun K, s [EN] L' NH‘ [kH] NH [&H]
4246 1.000 T.T00 10.708 1.500 7.138 2.7T09
Group ancher ID
3
Il Sald il ridiils sl ba e Wil Tl i e i Lk
PROFIS Enginbating [ ¢ ) 20033023 Hil A, FL-0A% Sobasn Hli i & nagrtened Tradssan of Hi &0, Sthasn
4
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Codripany: Pape: 5
Address: Specifiar:
Phone | Fax: | E-Mail:
Designc Conarete - 15 Aug 2023 Date: 15M820Z3
Fastening Point:
1.4 Shear load (EM 1892-4, Section 7_2.7)
Load [kN] Capacity [kKN] Uiilization By [%] Status
Steed failure (withoul lever am)” 5.733 24,886 24 QK
Steed failure (with lever amm)™ MNiA MIA MiA MiA
Pryout tailure™ 2.733 14278 41 Ok
Concrele adge lalure in direction = MNiA A MiA A
* mighest leaded anchor — "anchor groug (relevant anchons)
1.4.1 Steel failure (withoul lever anm)
W W = Vs EN 1882-4, Table 72
£a S Vs ® » 14
-
Vi w K, V. EM 1902-4, Eq (7.35)
Viwa [KN] k; Vs K] Tua Vi (K] Vies [KN]
3B.800 0.5300 3120 1250 24 BOE 5.733
1.4.2 Pryoul failure
W,
Vi £ Vi " =it EM 1992-4, Table 7.2
s
Voerm L1 EM 1392-4, Eq. (7.39a)
Mo o = N'FM % Woan Yau Yaoru  Vean Yun EN 1392-4, Eq. (71]
N
M, . CL R T e EM 1392-4, Eq. {7.2)
a
Aoy S B EM 1392-4, Eq. (7.3)
[
¥.n =07 +05 ;= <100 EM 1992-4, Eq. (7.4)
H
¥ oein —t = 1.00 EM 19924, Eq. (7.6}
- (2 By |)
-crhl
Woan EM 1992-4, Eq. (7.6)
“( >N
W EN 19924, Eq. (T.7)
3§ 2 Imm 3
A, [ Ayl €, Imm] &, [mmj ky 1, o [N ]
1E,BE61 18,961 GE.E 137.7 2.000 20000
By [T ¥ wc1n By [rm] ¥ aczu Wun Yo Yun
0.0 1.000 0.0 1.000 1.000 1.0040 1.000
Ky Ny [kN] Thagp Vi [KN] Vi, [kN]
7.700 10.708 1.500 14278 5.733
Groug anchar 1D
1
Il e end resiils s Be hrdl fexr ek Wl e i ditisre and for i L ity |
PROFIS Enginesting | ¢ § 20052003 Hi A, FL-040 Bohan I-H.mnmgumeaﬁmndHliAﬂ Eahiaan
5
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Cofmpany: Page: 6
Address: Specifiar:

Phone | Fao: | E-Mail:

Design: Condrete - 15 Aug 2023 Date: 15/082023
Fastening Point:

1.5 Combined lension and shear loads (EN 1882-4, Section 7.2.3)
Siee| fadure

By Fiy o Utilizaton B, [%] Stalus
0007 0.230 2 D00 B DK

+{, < 1.0

Concrete Taikne

Fiw Py @ Lidization i, . [%] Stalus
0.406 0.402 1.500 52 Ok

By o+ By < 1.0

1.6 Warnings

« The anchar design methads in PROFIS Engineering require rigid beseplates &= pes cumrent regulations (ETAG D01/Annex C, EOTA TROZD,
ete.). This means losd re-digtibution en the snchors due bo elastie delormations: of the baseplate are nol considered - the bazeplate is
assimed 1o be sulficiently sBit, in arder not 1o be deformed when subjectad b the design loading. PROFIS Engineering caleulates the
minirum required beseplate thickness with CEFEM to kil e siress of Se bageplate based on e assumgtions explained abave. The
proa if the rigid base plale sssumpbon & valid is not camed out by PROFIS Enginesring. Input data and resuits must be chacked for
agresment with the existing conditiona and for plavsibiity!

- Diesgn is only valid if hole is filed 1o remave dearance, clearance as per EN 10924 Table 6.1

In genersl, he conditions given in ETAG 001, Annex C. aection 4.2 2 1 and 422 3 b) are not fulliled beeangs he diametsr of the clearance
huole in the fdune see o Annex 3, Table 3 is greater than he values given in Annex C, Table 41 and AS5126 fof the comeaponding
diameter af the anchar. Tharefore the design resistance Tor anchor groups (s kmited to bwice the slesl resistance (of a single anehor) in
accordance with the approval.

= Checiang the fransier of bads into the basa mabedal is required in accordance with EN 1992-4, Annex A!

The design is only vald if the dearance hole in e fixture s nol langer than the value given in Tabke 6.1 of EN 1982-4! For larger diamelers
of the cearance hole sae sgaclion 6.2 2 of EN 1992-4!

= The accessory |isin his repor i Tor the information of the user only. In any case, he instruclions for use provided with the product have bo
be followed 1o ensure & proper installation.

For the determination of the w _ | (concrete edge failure) the minimum concrete cover defined in the design settings is used as the concrele
cover of e edpe reinfarcemen.

« The anchar design methods in PROFIS Engineering require rigid baseplates, aa per curent regulations (A5 5216:2021, ETAG 001/Annex
C, EQTA TRO20 et ). This means that the baseplale should be suficiently figid to prevent losd re-distidbulion to the anchors due to
elastic/plastic displacements. The used accapls thal the basaplale is considenad close 1o rigid by enginessing judgrent ™

= The characterishe bond resislances depend on the retumn period (service life in years): 50

Wil ik vl Pl sl Ba b e i il Wi s ciilisich @i fof ibility!
PRIDFEEngmmme}mmﬁnimﬂm&unurhumme&mn&mﬂ Eshamn
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Cofmipany: Paga: 7
Address: Specifiar
Fhaone | Fax: E-Mail:
Design: Concrele - 15 Aug 2023 Date: 15M082023
Fastening Point:
1.7 Installation data
Lﬂﬂmr wﬂ! LI I'.LT :1.“ X tLI x| = 150.0 mim % 75.0 i < 1000 mm 2 1000 Anchor T!.l'p'l!' and size: HUSE-H 12 b nomi
mm % 1.400.0 mm; Steel: 5 235, E = 210,000.00 Ml'rru'n’; 1, = 235.00 M
Hole diameder in the fixdume: d = 16.0 mm Itesm murmibser: 2203565 HUS4-H 12x70 100--
Plate thickness [ingut): 10.0 mm Maximum inatallation torgue: Hilti S 22T-A
Hole diarmebar in ihe base material 1220 mm
Dirilling meeihod: Hammer drilled Hole depih in the kase maiesial: 70U0 mm
mﬂmﬂg: Clean the drill hole. Under the condisons - m{ﬂﬂg b fastener gize MinimiEn thickneas of the Bass matedalr 100.0 mim
and deilling diraction - given in the ETA and MPII {IFU), the deaning of the drill
hobe may be omitbad.
Hilli HUS serew anchar with B0 mm embedment. 12 h_nom1, Steel galvanized, installation per ETA-20/0867, with annular gaps filled with Hilli
Filling Set or any suilable gap soluions
1.7.1 Recommandad accesaorisas
Driling Claaning Sefling
» Suitable Rolary Hammer = Manual blow-oul purmg « Hillli SIW 2Z2T-A impact screw driver
* Properly sized drill bit
¥
TO0.0 TO0.0
= W
=¥ vt ol ol 3“"& ,_;i,
Sl g
135.0 300.0 300.0 300.0 365.0
Coordinates Anchor [mm]
Anchor  x ¥ €, Cyy Ey Coy
1 3350 25 - - . -
2 35.0 25 . = . .
3 =D65.0 25 . = . .
4 2650 2.3 . - . .
inpui data wnd resulls must be checled for co el T o i and for iyl
PROFIE Engineating | ¢ § 2005 2003 Hil A0, FL-O40E Seban Hill 4 igrabaned Traseman of Hill &5, Sehaen
T
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Cori - Page: 8
Aaddresy: Speier:
Phame | Fax: | E-Mail:
Diesign: Concrete - 15 Aug 2023 Daie: 15082023
Fastaning Point:
2 Baseplate rigidity check
21 Input data
Basaplata: Lesdigar amgle: height = 150.0 mim, width = 75.0 mim, thickness s 1000 mm, length = 1,400.0 mm
Calculation: Baseplate Rigidity Chedk
Mabarial: 5 235, Fy = 235.00 Nmm®, g, = 5.00%
Ancher type and aize: HUS4-H 12 h_nom, e = 45.9 rmm

Anchor sEfness:

Design methad:
Stand-off installation:

Base material:

Mash siza:

2.7 Baseplate plate classification

The anchor 5 modelied considerning slifness values detemmined Trom oad dsplacemeant curves tesied n

an independant laboratory. Please note that no simple replacement of the anchor s pessibée as the anchor
aliffness has & major impact on the load dstribubon results.

EN basad design using component-based FEM
e = 0.0 mm (Mo stand-eff); t = 1000 mm

Cracked concrete, CONZS, Tz pq ® 20.00 Nimn, b= 11000 mm; E = 30,000.00 N/mm*, G = 12,500.00
Mimm®, v = 0.20
Mumber of alements on edge. B

Min. size of element. 10.0 mm
Max size of ebement. 50.0 mm

Results belkw ane displayed for te decisive load combinations: Combination 1

Anchor i=ngion forces

Equivalent rigid baseplats (CEFEM) Component-based Finite Element Method
[CEFEM] baseplale

Anchor 1 D000 kM 0,356 kN
Anchor 2 D018 kN 0.078 kN
Anchor 3 1.132 kN 2708 kN
Anchor 4 D.533 kN 0,746 kN

User sccapied to consider the selected baseplate as riged by hisher enginesring judgement. This means the anchor design guidelines can be

appied.

Inpul Saia and resuls mus e choeckod foe conlemmity with ha asisting sondithsnm ans foe plos v
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2.3 Warnings

» By using the CEFEM ealculation functionality of PROFIS Engineering you may act culside the applicable design codes and your specified
Basepiate may not behave rigidly. Please, have the results validated by a prolessional gesignes andior struetural enginesr 1o ensufe
suitability and adeguacy for your specific juisdiction and project reguirements.

The anchor is modelled considaring stifiness values determined from boad displacement curves tested in an independent laboratory

Plaase nole thal no sample raplacemeant of the anchof is possible as the anchor sliffness has a major Impact on e oad ﬁ'ﬂ.ﬂhltl'.‘l"l-
results.
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3 Summary of results
Load combination Max. utilisation Status
Anchors Combination 1 52% OK

Fastening meets the design criteria!

put il and resulls must be cracked for cononly with e existng condiionm and for plau ity
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4 Remarks; Your Cooperation Duties

s Anyand all information and deta contaired in the Software concemn schely the wse of Hill products and are based on the principles,
ferrnulas and securlty regulations in accordanes with Hilli's technical directions and operaling, meunting and assembly instructions, e,
that must be sirictly complied with by the uses. All figures contained therein are averape figures, and therefore use-specific tests are to be
eonductad prios 1o uging the relevant Hill producl. The results of the calculations camied out by means of the Software are based
essanikally on the data you put in. Therefone, you bear the sale respansibility for the absence of emors, the completensss and the
relevancs of the dala 1o be put in by you. Moreaver, you bear sole responsility Tor having the results of the calculation checked and
cheared by an expet, partculaty with regard 1o compliance with applcable nomis and permits, prior 1o Using Mem jor your specilic facility.
The Software senses only &8 an aid o interpret nonms and permits without any guaranbee as lo ihe absence ol erors, the cormeciness and
the relevance of the results or suitability for & specific application.

» You must ke all necessary and reasonable steps 1o prevent of lmil damage caused by the Software. In particular, you must arange fof
the regular backup of programs and data and, f appbcable, caimy out fe updates of the Software offered by Hilli on & regulas basis. If you
di ot use hi AutoUpdate function of the Soltware, you must ensure Mat you ane using Me cumant and this up-to-date version of he
Saltware in each case by carrying cul manual updales via the HIll Websila. Hill will not b2 Eable for consequences, such as the recovery
of lost or damaped dala of programs, arising from a culpable breach of duty by you.

Inpul S and resuls sl e chosked for comlemity Wit T exisling condiisn and for plo v
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