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2019 JANUARY Q2: MIXED USE BUILDING

Question 2. Mixed use building

Client’s requirements

1. Anew sixstorey mixed-Use building is to be constructed in a city centre on a plot adjacent to an existing main road. See Figure Q2.
. The finished floor-to-floor heights for the Shopping and office fioors are 5.0m and 4.0m respe Minimum clear floor-to-celling
heights of 3.65m and 2.80m are required in shopping and office fioors respectively, with a min]mun mﬂmm for
services. The clear floor-to-ceiling height in the concourse area must be at least 6.5m with a minimum 500mm eeiling void for

services.

3. The concourse and canteen are in the middle part of the building on Level 1 and Level 5 and have twi floor heights of
shop and office floors respectively. The roof above the canteen area must be glazed to allow the entry of na ght.

4 Ided over he full height of the building as shown in Figure Q2.

5 _"sldamﬂraareravwomﬁﬂba@azedammerenwnaerwmbe

clad with stone

@

Elsewhere, internal and external columns must be placed

Imposed loading
7. Roof 1.5 KN/m?

Office/Canteen 5.0 kN/m*
Shops/Concourse/Entrance 7.5 KN/m?

Site conditions

8. Theslte is located in the centre of a large city. The basic wind speed is 40m/s based on a 3-second gust; the equivalent mean
hourly wind speed is 20my/s.

9. Ground conditions:

Borehole 1:

Existing Ground level - 1.0m  Top soil and fill

1.0m - 6.0m Dense silty sand (D = 33 degrees

6.0m —9.5m Dense sand N=30

Below 9.5m Rock, characteristic compressive strength = 4,500kN/nv?
Borehole 2:

Existing Ground level — 1.0m  Top soil and fill

1.0m - 4.5m Sand and gravel N=15

Below 4.5m Rock, characteristic compressive strength = 4,500kN/m?

Ground water was encountered at 6.3m below ground level in BH1 and at 1.3m below ground level in BH2.

Omit from consideration
10. Detailed design for staircases and lifts within cores; glazed facades.

SECTION 1 (50 marks)

a. Prepare a design appraisal with appropriate sketches indicating two distinct and viable solutions for the proposed structure
including the foundations. Indicate clearly the functional framing, load transfer, serviceability, and stability aspects of each scheme.
Review and critically appralse the schemes, and identify the solution you recommend, giving reasons for your cholce.

(40 Marks)

b. After completion of the design and before construction has started, the Client Informs you that the area designated for open-alr
parking at the front of the building will instead be landscaped, and asks you to incorporate a basement under the full plan area of
the buliding, to accommadate parking for 100 cars. Write a letter to the Client explaining the implications on your design.

(10 marks)
SECTION 2 (50 marks)
For the solution recommended in Section 1{a):
c. Prepare sufficient design calculations to establish the form and size of all the principal structural elements including the
foundations.
(20 marks)

d. Prepare general amangerment drawings which may Include plans, sections and elevations to show the dimensions, layout and
disposition of the structural elements and critical detalls for estimating purposes.
(20 marks)
&. Prepars a detalled method statement for the safe construction of the buliding and an outline construction programme, Including
consideration of any temporary works thet mey be required)
(10 marks)

2019 January Q2: Mixed use building | 12
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CLIENT’'S REQUIREMENT & LOGICAL THINKING PATH

Six-storey building +
City Centre

Floor Height /
Finishing Requirement

Roof above must be glazed to
allow natural night

Two lift / staircase core

Front Elevation Glazed + No
Bracing; 65% of the side and rear
elevations will be glazed

No internal columns are permitted
in the concourse;
7m c/c for internal & external
column spacing

Progressive collapse to consider &
Piling Wall & ELS works required

Structural Depth of Each Floor
=» |[f large structural zone: consider
transfer

No Structural at the glazed roof zone

RC Core wall / Braced Core can be used as
lateral stability system

To be shown In
full version
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COLUMN SPACING PRINCIPLES

Floor plan: X-direction = 60m; with internal concourse = 24m

Scheme 1: Shorter Span with Cantilever (aims to have cantilever for distinct solution)
LEFT / RIGHT: 18m = 3m Cantilever + 7.5m x 2 > 7m c/c requirement, OK!
MIDDLE: 24m = 8m x 3 > 7m c/c requirement, OK!

Total: 8 nos. of columns in X-direction with 2 sides cantilever

Scheme 2 Longer Span: /=17%| 18m = 9m + 9m; {1 24m = 12m + 12m
LEFT / RIGHT: 18m = 9m x 2 > 7m c/c requirement, OK!
MIDDLE: 24m = 12m x 2 > 7m c/c requirement, OK!

Total: 8 nos. of columns in Y-direction for Scheme 1

Floor plan: Y-direction = 60m; with internal concourse = 28m

Scheme 1: Shorter Span: =& 4] spacing
TOP /BOTTOM: 16m = 8m x 2 > 7m c/c requirement, OK!
MIDDLE: 28m =9m x 2 + 10m x 1 > 7m c/c requirement, OK!

Total: 7 nos. of columns in Y-direction for Scheme 1

Scheme 2 Longer Span: £##60/12m=5
TOTAL: 60m = 12m x 5 > 7m c/c requirement, OK!

Total: 6 nos. of columns in Y-direction for Scheme 2
TIPS

1. A—EZE&E 73R [EHY zone [ijRE column spacing » FiflE scheme HFFZAEEHDY
column FEaJLL ©

2. YEHZETR# service core i column spacing » Hja] DA FEREEr -

3. Scheme 1 3%} concrete FilL span —f&tLissE & [fif Scheme 2 T3/ structural
steel » fiTlL column spacing —f§#i E -

4. BHEHWZESK Tmclc » HEEHAE/NEZEM > FlI40 7.5m c/lc FHEZERIFEA

Column Spacing Summary

Scheme X-Direction Y-Direction
1 8 columns + 3m Cant. 8
2 7 6
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SCHEME 1 SUMMARY

3—75—75-—8 80 g 7.5—7.5—3¢
jjﬁ/ /'lll * /ll, /ll{ | * ’]1’/]
: |
S| F X X X X X )[ X X =
o L 240
i 1
- X - el )
9 4.0 C{Jncourise
the—ad  x o x > N
310 9
* -X — 7 X"
9
SRR LT N T X - - -
: l
S| s MY XX ——X—X—X~
: |
i_ | _; P
Scheme 1

LEGEND
X COLUMN FROM L1 TO R/F
% COLUMN TO BE TRANFER AT L3
RC TRANSFER BEAM AT L3

[T IRC CORE WALL
——RC BEAM B1
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SCHEME 2 SUMMARY

X COLUMN FROM L1 TO R/F
X COLUMN TO BE HANGERED FROM L3 TO R/F
ROOF TRUSS AT L3
[7"1 BRACED CORE
— STEEL BEAM SB1
=+ = STEEL BRACING

. 60.0 .
9 g — 12 12——38 99—
A— A——A—
sv)k. 2 . . e N
912
- 240
4* X X ,I\ X X > §
8 40] ConcLurse
T X— X X X
- UE I
*I X X X
8
4
¥ = ¢ X X X—X
=12
— | ;_ e
Scheme 2
LEGEND
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SUGGESTED SOLUTIONS
SECTION 1 (A) — DESIGN APPRASIAL

INTRODUCTION

A new 6 storeys building is to be built.
It's located in the Urban area with size in 60m x 60m and height in 28m.

DESIGN APPRAISAL

# Client’s Requirement Implications to Design
! Site Conditions
1 City Centre Piling wall and ELS works required and sufficient monitoring

checkpoints to be placed adjacent to site

2 6 storeys
3 Headroom (HR) (m)

4  Gravity Load To be shown in
full version

5 Wind Load
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ASSUMPTION

1.
2.

The site locates in Hong Kong.

There is sufficient space on site to allow for all construction methods and materials

storage.

Existing buildings are far enough away for construction not to affect them.

Fire resistance period to be 2hrs.

SCHEME OPTION DRAFT

" Type Scheme 1 Scheme 2

1 Materials Reinforced Concrete Steel Composite
2 Structural Grid 7.5-8mx8—-10m 9-12m x 10 —12m
3 Vertical Stability System  RC Transfer Beam at 3/F Steel Truss at Roof
4  Lateral Stability system

5 Beam-slab Arrangement

6 Foundation System

7 Retaining System /

ELS Method

To be shown in
full version
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SCHEME 1: IN-SITU RC BEAM-SLAB SYSTEM WITH TRANSFER
PLATE AT 3/F

1.1 Structural Scheme

Option 1 is a RC beam-slab frame, with columns / core wall generally ona 7.5 - 8m x 8 -
10m grid, the details of structural system is described as follows:

175mm
in max.,

- Seconc To be shown in
SURpAL full version

- For eas
floor.

- Transfe
column

1.2 Sustainability Considerations
- Strategic use of cantilever beams (3-4m spans) eliminates need for additional columns,
reducing foundation works

- Hier
tran:

- Reg .
oo To be shown in

full version
- RC1

cons
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1.3 Functional Framing Plan
(Use graph paper to draw)

9; =
[BEE S5 /8
WAL 1
| -28 o<
B E i
L.._._?{7r.-9==‘
B:i i
16 /‘"ﬁ
8
|
HVAIVA - .
- 7 To be shown in
B full version
L6 |
L5 |
T R
SN L.
[ L3
LR
21
b ~grt
0 =
N3
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1.4 Load Transfer and Stability

1. Gravity Load

The gravity loads shall be supported by floor slabs, beams, columns and core wall and
transfer beams down to the foundations as figures below and load path described below.

Load Path
Gravity Load
Slab
\l/ M
Beam
W\
Column Wall
A /
Transfer
Beam A A
M = By Bending
M A = By Axial
Column Below
AN
Foundation

To be shown in
full version
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2. Lateral Load

Lateral stability is provided by the rigid beam column framework and core wall, down
to the foundation.

Wind Load

v

External Cladding

v

Floor Diaphragm
/ \ Floor Diaphragm Action
Rigid Beam Column RC Core Wall

Frame

To be shown in
full version
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1.5 Feasibility Sizing and Calculations

1. Slab S1 (175 mm thk.)

SpanL= 3.33m
d= H-25-10/2=145mm
L/d= 229 <23, OK!

2. Beam B1 & B2 (800 mm dp.)

SpanL= 10m
d= H-40-10-40/2=730 mm
L/d= 13.7 < 23, OK!

3. Cantilever

4. Column C To be shown in
Assume full version
Tribute
Use C45
Axial (
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5. Transfer Beam TB1 (3000 x 2500dp.)

Assume 10kPa DL and 5kPa LL per floor,
Storey= 5 (L3-L6 + R/F)
Tributary Area= 8 m x 10m
Load = (10x1.4+5x1.6)x (10 x 8) x 5 storeys
= 8800 kN

Shee
!
To be shown in
full version
Modifical

1.6 Progressi

1. Progressi
- Design bu

- Provide st
- Provide al

2. Deflection
Pre-camberin

3. Atrium Gk

Steel beams
glazing.
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1.7 Basement Scheme

1. Construction Method

As l
the 1
(floc To be shown in
The full version
inste
The
= b g
i E EGL
: : ~
Pipe Pile _3, -
Wall ’

2. Structural System

To be shown in
full version
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1.8 Foundation Scheme

Ground Conditions

' A .

: / :

: Building ;

EGL
Top soil & fill

Dense silty{sand "= "= """t s 2
Sand and gravel

Dense|sand N =15
(i
Rock
Strength = 4500kPa

;al BH2
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Scheme 1: Large Diameter Bored Piles

Structural Fireman © 2025
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Bored piles founded on rock adopted due to:
- Weak shallow soil
- High column loads
- Rock provides adequate bearing & minimal settlement

1. Load Path

SLEEVE AT TOF
{IF REQUIRED)

ROCKHERD
——

BELL-( ;|_:r%.p:?1:[

|8

2. Feasibility
Pile

Pile Ce
Allowable Col

Compressiv

Provide

1

To be shown in
full version

x n(1.65(D-0.15))%/4 x 4500

17536 kN
11340 kN ~OK!

Uplift, Shear capacity and deflection of pile to be checked in detailed design stage.
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SCHEME 2: STEEL COMPOSITE BEAM-SLAB SYSTEM WITH STEEL
TRUSS AT ROOF

2.1 Structural Scheme

Option 2 is a Steel Composite beam-slab frame, with columns generally on a 9-12m x 10-
12m gr'd, the detriln A atriiatiiral muintAara e Aacarilbad An FAallavias

- One-way slab
10m.

- Secondary be:
supported by s

- No cantilever k

- Roof Truss in ¢

below and pro TO be Shown in
full version
2.2 Sustainab

- Steel-concrete
consumption

- Hierarchical be
tonnage

- Prefabricated ¢
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2.3 Functional Framing
(Use graph paper to draw)

60 |3
/] 1 i
lgnvg,12)é_12=12!},s;‘;
?k - )E"‘""‘_““ = B
12 -—
16 ;/
=
A
8 :
o1
28 .
10| - To be shown in Y
full version
8
4
16 12 /
* £ K=
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2.4 Load Transfer and Stability

1. Gravity Load

The gravity loads shall be supported by floor slabs, beams, columns and roof truss down
to the foundations as figures below and load path described below.

Load Path

Gravity Load

l

Composite Slab

\LM

Steel Beam
o ag

Hanger Column  Column

A /
Roof Truss
A

\

To be shown in
full version
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2. Lateral Load

Lateral stability is provided by the rigid beam column framework and core wall, down
to the foundation.

Load Path
Wind Load

J

External Cladding

V

Floor Diaphragm
\l/ Floor Diaphragm Action
Braced Core / Bay
I

To be shown in
full version

SO
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2.5 Feasibility Sizing and Calculations

(max. 12m x 12m grid with 2 x 2"¢ beam, load width = 4m)

DL= 7kPa Load width= 4 m
LL= 5kPa
wus = (1.4DL+1.6LL) x 4 Wive= 5kPax4m
= 71.2kPa = 20 kN/m

1. SB2 (254x254x167 ka/m UC — S355)

For deflec

| req

Ipmv.

2. SB1 (305x: .
To be shown in

full version

Live loac
ULS load

For deflec
Ireq

I prov.
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3. Column SC1 (356x406x634ka/m UC — S355)

Assume 7kPa DL and 5kPa LL per floor,
Storey= 7
Tributary Area= 12 m x 12m
Load= (7x1.4+5x1.6)x(12x12) x 7 storeys
= 18950 kN

Use 356x406x634kg/m UC — 8355,
Axial Capacity = 26244 kN > 18950 kN, OK!

4. Hanger Co

Assume 7

Tributa

Use 356x«
Axial C

To be shown in
5. Roof Truss full version

Flo«

Use 356x«
Compress

Total
Deflec
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2.6 Other Considerations

1. Fire prc
fire pro

2. Steeln

3. Vibratic
detailec

2.7 Baseme

1. Constructio

A permanent s
temporary exc

Construction s
(1) Install soldi
(2) Carry out e
(3) Cast pile c:
(4) Pile cap to

2. Structural S

Pile Cap / Bas
lateral earth pr

Since the later
unbalanced so
foundation des

To be shown in
full version
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2.8 Foundation Scheme

Ground Condit

Scheme 2: Soi
Socketed Stee
- Weak
-SHP «
- Rock
1. Load P
To be shown in
full version
2. Feasibi
Allow. ) kN
Use 305x305
J0kPa)
Lateral Ic
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SCHEME RECOMMENDATIONS

Scheme 1 Scheme 2

R.C. Structure Structural Steel

To be shown in
full version

Based on the ¢
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SECTION 1 (B)— LETTER

LOGICAL T

Add basement

Impli\

Exa

De:

Const

To be shown in
full version

Til

Solu
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LETTER REFERENCE

<Client’'s Addr«

Dear <Client>,

RE: <Project rt

Further to yot
our comment

- Additional «

- Total loadi
required.

- Increase in

To accommod
including the s

To accommod
remain the sar

diameter and ¢ TO be Shown in
To accommod full version
and permanen

be required.

Please be aw:

Constrt
Extend
More te
Water |
Extra n

D Poget

Cost In
1. Constn
works \
2. Founde
3. Additio
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Time Implications

1 Additior\nl tima wiill ha ramiiirad fAr Aacianina tha hacAamaAant avianecinn AanAd ctatiitAang

submis
2. Additio
extensi
3. Constn
founda

Please let us k
we have inforn

Yours sincerel
<My signature!

<My name prir
Cc. Architect, (

To be shown in
full version
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SECTION 2 (C) — DESIGN CALCULATIONS

INTRODUC

The following ¢
1. Typical
a.
b.
c.
Transfe
Columr
Screen
Wind S
6. Bored|

Assumption
1. Critical load

2. Actual defle:
stage.

o s W

Design Codes
1. CoP for stru

2. CoP for four

3. BS 6399-2: .
To be shown in

Design Data full version

Concrete C4£
Den

Loading
Us

R
Office/(
Shops/Conco

Therefore, use

Cover (mm) -

Elen

Sl

Be:
Columr
Oth
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1.SLAB (175 MM THK.)

Span 3.33 m max. between primary / secondary beams

LOAD
S/W =
SDL =

LL =

Wuis = 7

BENDING

Z=

As, req =
Provide
As, prov =

SHEAR (*p
V=
v=\
ve= (

\

DEFLECTIO

CARBON C/
1. Quantities
- Mass of C¢
- Rebar: Ass

Mass of R

2. Carbon F
- Concrete: |
- Rebar: 1.9

3. Carbon E
- Concrete: |

- Rebar: 0.0

Total Quanti

To be shown in
full version
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2.MAIN BEAM (1000 X 800 DP.)

Span 10 m between columns

LOAD (No. ¢
S/W =

PoL= L

Po= 1

BENDING

Z =

As, req =
Provide
As, prov =

SHEAR (* p To be shown in
= full version

DEFLECTIO
L/d=

CARBON C/
1. Quantities
- Mass of C¢
- Rebar: Ass

Mass of Rt

2. Carbon F
- Concrete: !
- Rebar: 1.9

3. Carbon E
- Concrete:
- Rebar: 0.1
Total Quantities = 0.230 + 0.287 = 0.517 tCO./e / m beam

2019 January Q2: Mixed use building | 42



Structural Fireman © 2025
HEHE © (R A AR NS R EAATEEER SR A » AT RIS R e 2E iR -

3.CANTILEVER BEAM CB1 (1000 X 800 DP.)

Span 3 m from column
LOAD

S/W =
PDL = 1
PLL = 1

BENDING

As, req =
Provide
As, prov =

SHEAR (* p

ve = To be shown in
05 full version

Prc

DEFLECTIO
L/d=

CARBON C/

1. Quantities
- Mass of C¢
- Rebar: Ass

Mass of R¢

2. Carbon F
- Concrete:
- Rebar: 1.9

3. Carbon E
- Concrete:
- Rebar: 0.1
Total Quantities = 0.230 + 0.287 = 0.51/ tCOz/e / m beam
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4. TRANSFER BEAM TB1 (3000 X 2500 DP.)

Span 25 m between columns

LOAD
From Part A

BENDING

d=
k =
Z:
As, req =

Provide
As, prov =

SHEAR (* p

0.9 To be shown in
full version

DEFLECTIO
L/d=

CARBON C/

1. Quantities
- Mass of C¢
- Rebar: Ass

Mass of Rt

2. Carbon F
- Concrete: |
- Rebar: 1.9

3. Carbon E
- Concrete:
- Rebar: 3t/
Total Quanti
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5.COLUMN (1000 X 1000)

CARBON C/ To be shown in

1. Quantitles full version
- Mass of Ct

- Rebar: Ass
Mass of R

2. Carbon F
- Concrete: |
- Rebar: 1.9
3. Carbon E
- Concrete: .

- Rebar: 0.2

Total Quanti
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6.SCREEN WALL (400 MM THK.)

Span 5 m max. between floor diaphragm

In accordanc

LOAD

To be shown in

full version
BENDING

Z=

As,naq =

Provide
As,prov =

Service Sti
SHEAR
= 1

v=\
Ve =

2019 January Q2: Mixed use building | 46



Structural Fireman © 2025
HEHE © (R A AR NS R EAATEEER SR A » AT RIS R e 2E iR -

CARBON CALCULATIONS per meter run (formwork ignored)

1. Quantities
- Mass of C«

- Rebar: Ass
Mass of Rt

2. Carbon F
- Concrete: |
- Rebar: 1.9

3. Carbon E
- Concrete:
- Rebar: 0.0

Total Quanti

To be shown in
full version
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7.WIND LOAD ESTIMATION AND SHEAR WALL (300 MM THK.)

For BS 639¢ -

Assume bu
(Equ 9; ass

In conserve

The site loce
The closest

Tof

Basic
Len

To be shown in
full version

2019 January Q2: Mixed use building | 48



Structural Fireman © 2025
HHE (5 T AT 2 P A A TR AP A » T BUETSR PR {1 (AT R -

In x-direction wind load will be resisted by two shear cores and it is more critical.
Assume 70% of lateral load taken by cores, loading for each core

M= 0
=0
V=0
=0

2 walls in x-¢

CHECK SH
CHECK AX
ULS: axial |
To be shown in
full version
A

Capacity = 0.87 fy Ast = 0.87 x 500 x 2.2% x (1000 x 300)
= 3190 kN/m OK!

Building Deflection to fulfill H/500 to be checked in detailed design stage.
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8.BORED PILE BP (® 1500 MM WITH BELL-OUT)

Checking Re

As Shear fc
Detailed ch

Design to C

Allowab

To be shown in

full version
Wind Axial
Win

Pile
Lo

Pile Capa

Consider the
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SECTION 2 (D) — DESIGN DRAWINGS

GENERA

ALL |
ALL ¢
ALL |
MEM

ol

TRANSI

BOR

5. REIN

To be shown in
full version

6. TENS
DIAN
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FRAMING PLAN
1. ALL FLOORS

l L3 I
|L-u ’ ’
abing | L2

[l

i B

--{:!__ e

Ml

’][,_
iz

AT

¥ __”T__‘j £

18000

7500
ATPREE SR SRR S 04

ST ls1)) 5
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To be shown in
full version
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GENERAL DETAILS
1. Slab Details

Yo
[+]

|

2. Mail

To be shown in
full version

~T16-25

T10-150
 —

50
a,_aoot

CB1 (1(
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3. Transfer Beam Details

4. Colt

To be shown in
full version
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SECTION 2 (E) - METHOD STATEMENT & PROGRAMME

METHOD

Site Set-Up
1. Fenc
2. Carn

Site Survey :
1. Carny
unde

comr

2. Setu)
vibra

Deep Found

1. Insta
Cons
Conc
Carny
Comi

o N

Basement al
1. Cons

2. Cons To be shown in
stren full version

Superstructt
1. Cons
(i.e, f

2. Forc
R.C.

caste

of su

3. Com,
4. Carny

Site Clearan
1. Remu
towel

2. Carry
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CONSTRUCTION PROGRAMME

o | I |

To be shown in
full version

ion Programm

Constru
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Good Luck & Thanks
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