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Abstract – In the last few decades structure optimisation has 

become a main task in a civil engineering pro-ject. As a matter of 

fact, due to the complexity and particularity of every structure, 

the great amount of variables and design criteria to considerate 

and many other factors, a general optimisa-tion’s method is not 

simple to formulate. As a result, this paper focuses on how to 

provide a suc-cessful optimisation method for a particular 

building type, high-rise reinforced concrete buildings. The 

optimization method is based on decomposition of the main 

structure into substructures: floor system, vertical load resisting 

system, lateral load resisting system and foundation system; then 

each of the subsystems using the design criteria established at the 

building codes is improved. Due to the effect of the superstructure 

optimisation on the foundation system, vertical and lateral load 

resisting system is the last to be considered after the improvement 

of floor. Finally, as a case example, using the method explained in 

the paper, a 30-story-high high-rise residential building complex 

is analysed and optimised, achieving good results in terms of 

structural behaviour and diminishing the overall cost of the 

structure. 

Index Terms – Structure Optimisation, High-Rise Residential 

Reinforced Concrete Buildings, Shear-Wall, Structure, Deep 

Piles, Post Grouting. 

1. INTRODUCTION 

In our society, where the economic cost of a structure is clearly 

of great priority in a project, structure design has become a 

main factor of attention; however with the help of finite 

element programs which are available nowa-days, structure 

design is a simple task. Nevertheless, for a same building there 

are different possible structure layouts, with different structural 

behaviours and economic costs; this concept leads to the 

optimisation of struc-tures. Structure optimisation is the 

procedure of improving a preliminary design established by the 

architectural layout and the engineer’s opinion without 

exceeding the design criteria (strength, serviceability, stability 

and human comfort). This improvement is done bearing in 

mind the requirements on each element, cross-section and 

structural member, and should be as near as possible to the limit 

established by the criteria to achieve a better economic 

reduction on the project. 

Nevertheless this topic is too broad to be fully discussed in this 

paper; as a result this research focuses solely on the 

optimisation of high-rise residential reinforced concrete 

buildings. The particularities of such structures are shear -wall 

structure as lateral load and vertical load resisting system, with 

connecting and secondary beams, two-way slab as 

gravitational floor system and a raft and driven piles as deep 

foundation system. In order to re-duce the scope of the 

research, the optimisation will focus on several aspects of the 

main structural elements: slab, shear wall, beams, piles and 

raft. 

In addition to the normal circumstances of a building, the 

research includes the effect of lateral loads, with special 

attention to earthquake and wind load. For this type of high-

rise structure, the two lateral loads are de-terminant in the 

design of the structure. Therefore, the main challenges and 

focus of the research will be aimed at solving the effect of an 

earthquake on the foundation and the shear-wall system. 

2. STRUCTURE OPTIMISATION 

2.1. Optimisation Order 

In order to simplify the problem, firstly we will have to 

decompose the whole structure in subsystems, then se-lect a 

series of optimisation variables and study them separately. 

Based on Professor P. Jayachandran’s [1] study, I have 

determined the decomposition of the structure in the following 

subsystems (Figure 1). 

The aim of the separation of the structure in sub-structure is to 

study more comprehensively a single optimi-sation variable, 

then observe the effect on the structure. The following step 

after determine the subsystem, is to determine the order of 

optimising and the criterion of optimisation chosen in each of 

them. 

But how to determine the most appropriate order [2], we just 

have to consider the effect of the optimisation of that element 

will have on the other elements and the whole structure. 

Because of foundation system being the first system to be built 

in a structure, logically it should be the first one to be 

optimised; however there is a direct relation of the foundation 

system and the load applied on the foundation. As a result, we 

can conclude it to be the last subsystem to optimise. 

Furthermore the obvious answer to the question of the first 

optimising step is the floor system; because the floor system 

only depends on the other subsystem as boundary conditions 

and the main important factors are the loads applied over them, 

which are invariables in the structure. 

The own characteristic shear wall, being vertical and lateral 

load resisting systems of the high-rise reinforced concrete 

structure, give the second and third step of optimisation. Finally 

the foundation system is optimised (Figure 2). 
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The effect of the optimisation of one of the sub-system will 

affect the other elements, so as after the optimisa-tion of one 

subsystem one shall consider what effect will have on the other 

ones. For example, the reduction of slab thickness will provide 

a lower load in every floor and will affect the lateral load and 

vertical load resisting systems requirements, obviously the 

foundation system requirements also will be reduced. Then if 

we consider a different shear wall layout in the structure it will 

have an effect, in terms of boundary conditions, in the floor 

system. Therefore the whole optimisation process is an 

iterative process until the final solution is found. 

 

 

 

 
 

 
 

 

 
 

 

 
 

Figure 1. Structure decomposition. 

2.2. Optimisation Procedure 

Once the optimisation order is determined, the actual 

optimisation is the next step on the procedure [3] [4], but how 

do we perform this optimisation is the most important step to 

determine in an optimisation process. As has been introduced 

in the last part of the chapter, there are a great number of 

variables to optimise and if we con-sider the interaction 

between members there are almost an unlimited possibilities of 

optimisation. In order to simplify and with the aim of reducing 

the cost as much as possible, we should select one or several 

variables in each subsystem to be optimised. Furthermore we 

must consider design criteria as a goal of the optimisation, in 

this case, the criteria are fixed, but we still can focus on one or 

several of them. This chapter will not discuss the criteria, but 

the chapter 3 will. However there will be a mention of them in 

each subsystem optimisation procedure. 

Since the floor system is the first one to be optimised in our 

optimisation process; we will start the introduc-tion of the 

optimisation procedure with it. The floor system is one of the 

most weight consuming systems in a building, around 20%. If 

we take into account the costs of the slab system separately: 

formwork consumes 45% - 55% of the slab cost, therefore a 

regular slab and without changes in the layout and shape in 

every floor will give us a better result; 30% - 35% of the cost 

is given by the concrete, including placing and finishing; and a 

lesser part is given by the steel reinforcement. We can conclude 

that for a shear wall layout, the better solution shall be to supply 

it with a flat slab; another conclusion we is that the most 

important factor to optimise is the volume of concrete, but not 

the concrete grading, because of its low difference price. Once 

we determined the variables of optimisation, in this case flat 

slab and slab thickness, we shall set design criteria, apart from 

the strength and others requirements: the most important one is 

the deflection. However if we consider the criteria, there are 

two possible ways of achieving these deflection requirements: 

one is using the code established mini-mum thickness, the 

second one a maximum computed deflection considering the 

long-term deflection. Finally we can proceed with the 

optimisation, in this thesis it has been chosen the commercial 

software SAFE 2014 to carry out a long term analysis of the 

concrete, in which creep and shrinkage are considered. 

Table 1. Optimisation summary. 

Once the floor system is optimised, the original model shall be 

updated and restudied, in that case, for the up-per structure 

(lateral resisting load system) I selected the commercial 

software ETABS 2014 to analyse and carry out the 

optimisation procedure. After the optimisation process of the 

floor is achieved, the behaviour of the new structure will guide 

the optimisation of the lateral load and vertical load resisting 

system. In this case there are also multiple variables to consider 

but the main ones are focused on the main structural element, 

the shear wall [5]. The main parameters that shall be considered 

in the shear wall are: wall thickness and layout being, plus a 
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study of the concrete grading along the height and a possible 

change of model openings, of a connecting beam to a wall 

system. Again and similar to the slab, the strength, bond, 

serviceability requirements must be satisfied, but the main 

design criteria for the optimisation of this two subsystems is 

the inter -story drift. After the optimisation of the system we 

will need to check if the floor system does still satisfy the 

computed long-term deflection requirements. 

 

Figure 2. Optimisation order. 

After the optimisation of floor system, lateral load and vertical 

load resisting system, the whole superstructure can be 

considered as optimised. The following step will be to import 

the actions of the superstructure to the foundation. The 

software chosen to model and optimise the foundation system 

is the commercial software SAFE 2014. In this case, the deep 

foundation system consists of two main parts: raft and piles [6]. 

For the optimisation of the whole, we will select different 

parameters for each of them; for the raft, the thickness is the 

optimisation parameter and the main design requirement is the 

punching shear; for the piles the main optimisation parameter 

is the piles length and diameter, piles placed under the shear 

wall, furthermore we will consider the possibility of using post 

grouted, the main design criteria will be the ultimate strength 

under lateral loads. Moreover a com-prehensive settlement of 

the whole foundation shall be achieved, avoiding differential 

settlements and other possible problems. 

As a conclusion we can say that the procedure has only a few 

variables from the all the possibilities. Table 1 summarizes this 

part of the paper. 

This optimisation summary shows the main optimisation 

parameters to consider, however there is an extra effect that 

will be really important in the satisfaction of the requirements, 

torsion. High-rise residential buildings wall layout is clearly 

non-regular, which in some cases will give a heavy torsional 

effect under lateral loads, such as earthquake. 

So, in order to avoid the torsional effect phenomenon we will 

have to firstly observe and understand the initial structure, 

determine whether there is or there isn’t a torsional problem 

that might be even worse with the pro-posed optimisation, 

having a counter effect. In case there is, we will try to 

compensate it before starting with the shear wall optimisation. 

The torsional effect can be solved simply by placing as near as 

possible the mass centre and the rigidity centre of each floor, 

this might look difficult, but with the increase of the thickness 

and layout modification of some shear walls the effect can be 

easily achieved. 

3. DESIGN CRITERIA 

3.1. Overview 

This section will only highlight the fragments of the code 

which are used in a posterior case example of the Golden City. 

Which will have the aim of achieve a good structure 

performance in terms of strength, serviceabil-ity, stability and 

human comfort, with the benefits of an economical cost saving. 

Firstly we should determine the basic requirements for a high-

rise building with shear wall structure and deep foundation as 

a foundation system, being this kind of building the objective 

of the study in situ. Then use these criterions to modify the 

original structure and achieve the optimisation. 

Building optimisation must be followed by specific design 

criteria. As for have a common criterion, these de-sign criteria 

are given by the already established building codes and the 

ones related to the main one, such as Eurocode for Europe, IBC 

for the United States… Due to the non-common requirements 

in each and every code, the final optimisation will vary, and as 

a result the selection of the code not only will determine the 

whole opti-misation process but also will affect the structures 

final behaviour. 

With the aim to determine the optimisation criteria, and even 

though I am a European citizen, I personally have chosen the 

IBC 2013 Code [7] with the corresponding related codes, 

mainly ACI 318 [8] and ASCE-7 [9], concrete and load codes 

respectively. IBC is the United States building code, its aim is 

to establish the minimum regulation for buildings systems 

using prescriptive and performance-related provision so that 

the public health and safety in all communities is safeguarded. 

IBC being the main code that collects the different 

requirements of other codes, hence this thesis background of 

high-rise residential reinforced concrete buildings is it really 

im-portant to also consult the ACI-318, written by American 

Concrete Institute (ACI), as much as the load code ASCE-07 

for further understanding of wind, earthquake and other non-

static loads. 

3.2. Strength Requirements 

For concrete elements, the main ones in our high-rise building 

the ACI 318 provide a series of strength require-ments. These 

structures and structural members shall be designed to have 

design strength at every section higher or equal of the required 

strength calculated by the load combinations stipulated. The 

required ultimate strength in each member is the maximum of 

the following seven load combination, the effect of the 

different factored loads shall be considered individually. 
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U =1.4D (1) 

U = 1.2 D + 1.6 L +0.5 (Lr or S 

or R) (2) 

U = 1.2 D + 1.6 (Lr or S or R )+(1.0 L or 

0.5W ) (3) 

U = 1.2 D + 1.0W + 1.0 L 

+0.5 (Lr or S or R) (4) 

U = 1.2 D + 1.0 E + 1.0 L + 

0.2S (5) 

U = 0.9 D +1.0W (6) 

U = 0.9 D +1.0E (7) 

3.3. Stress Requirements 

IBC code provides two different ultimate conditions for every 

structural member, cross-section and connection; one in terms 

of ultimate strength, LRDF method, and a second one in terms 

of allowable stress design, namely ASD method. 

Stress design is also a valid goal in our structures design, IBC 

code provides basic load combinations where the allowable 

working stress design is considered. 

U = D (8) 

U = D + L (9) 

U = D +(Lr or S or R) (10) 

U = D +(0.6W or 0.7E ) (11) 

U = D + 0.75 L + 0.75 (0.6W )+0.75 (Lr or S 

or R) (12) 

U = D + 0.75 L + 0.75 (0.7 E )+0.75S (13) 

 

3.4. Deflection Requirements 

Slabs and beams are the main members subjected to large 

deflections. Therefore are the two elements to be con-sidered 

in this part of the thesis, with special attention to the deflection 

in the slab which will be a huge optimi-sation parameter for the 

total volume of concrete consumed and the weight of the 

structure that will affect the foundations and the dynamic 

behaviour of the whole structure. 

The requirements for the deflection of members, beams and 

slab, are determined in terms of maximum length of the 

structural member and boundary conditions of it, simply 

supported, one end continuous, both end con-tinuous or 

cantilever, plus the different consideration of prestressed and 

non-prestressed and one-way and two-ways slabs. 

Nevertheless the thickness guidelines can be ignored if we take 

into account a finite element analysis of the members under 

flexure. In addition to the tables of minimum thickness the 

American code provides a set of maximum permissible 

computed deflections reflected on the Table 2 directly 

extracted from the ACI 318 code. This computed deflections 

will permit us to diminish the thickness of the different 

structural members. 

3.5. Story Drift Requirements 

Design story drift is considered as the difference of the drift of 

two consecutive floors measured from the mass centre of them. 

ASCE 07 provides a table format data where the maximum 

allowable drift are shown (Table 12.12-1), the Table 3 extracts 

only the maximum drift concerning to a shear wall lateral 

system type resisting building. Nevertheless in real design of 

structures, due to possible damage on non-structural partition 

walls, structural engineers tend to have a safer maximum drift 

around 1/400 times the height of the floor. 

4. CASE STUDY: GOLDEN CITY 

4.1. Introduction 

This section of the thesis shows the optimisation process of a 

series of buildings still under construction situated in Yangon 

region, which is one of the most populated and socio-

economically important cities in Myanmar. The buildings to be 

optimised fit perfectly with the description in the section above: 

high-rise reinforced concrete buildings with shear wall as 

lateral resisting system and flat slab as floor system, as the use 

of piles for the foundation system (Figure 3). 

High-rise buildings have important lateral force requirements, 

due to lateral loads such as wind and earth-quake. Our project 

location is also in a high seismic zone, most of its townships 

are located in soft alluvial plain which is mainly composed of 

sand, silt and clay and where strong ground motion and high 

amplification of local sediments can be expected. Moreover, 

the seismgenic Sagaing fault 

 

Table 2. Maximum computed deflections allowed 

is passing through about 50 km away from Yangon and it had 

experienced several earthquakes in the past. the soil inform 

 

Type of 

structure 

 Risk category   

     

 

I or II III IV 

 

   

      

 Shear wall 0.020 h 0.015 h 0.010 h  
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shows that Yangon peak ground acceleration (PGA) is 0.11 g 

to 0.2 g which will give a high requirement in the lateral force 

aspect of the foundation, and shear wall design. Therefore the 

main design prob-lem, the ultimate strength and serviceability 

states will always be given by the earthquake load 

combinations. In our particular region, the potential earthquake 

magnitude is 7.5 and 7.0 in all the exploration bore-holes. 

Type of member Deflection considered 

Deflection 

limitation  

    

Flat roofs not 

supporting or 

attached to    

non-structural 

elements likely to be  l/180  

damaged by large 

deflections Immediate deflection 

due to live load L 

  

Floors not 

supporting or 

attached to 

  

   
non-structural 
elements likely  l/360  

to be damaged by 

large deflections    

Roof or floors 

construction 

supporting 
The part of the total 

deflection occurring l/480 

 
or attached to non-
structural elements  

likely to be damaged 

by large deflections 

after attachment of 

non-structural 

elements   

Roof or floors 

construction 

supporting 

(sum of the long-term 

deflection due to all   
sustained loads and the 

immediate   

or attached to non-

structural elements 

not 

deflection due to any 

additional live load) l/240  

likely to be damaged 

by large deflections    

    

Table 3. Maximum allowed drifts 

 

 

Figure 3. Seismic events 1900-2011 in Yangon (Red ≤ 40 km, 

Yellow > 40 and <80, Green ≥ 80 km). 

4.2. Optimisation 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4. Long-term load combination. 

4.2.1. Floor Optimisation 

So, in order to carry out the long-term deflection analysis, 

firstly we shall create the load combination that does 

successfully fit the ACI 318 definition. The load combination 

is a linear combination of three different loads (Table 4). 

The load combination used in the analysis is: 

(INMEDIATE 

ALL LOADS)  

+  

(LONGTERM 
(16) 

 Load name Analysis Type 

Load 

Comb

inatio

n  

 INMEDATE 

Nonlinear 

(Cracked) 

1.00 

DL + 

1.00 

LL 

 

 

ALL LOADS 

 

    

 LONGERM 

Nonlinear (Long 

Term Cracked) 

1.00 

DL + 

0.25 

LL 

 

 

SUSTAINED 

 

    

 INMEDIATE 

Nonlinear 

(Cracked) 

1.00 

DL + 

0.25 

LL 

 

 

SUSTAINED 
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SUSTAINED) 

− 

                    (INMEDIATE SUSTAINED) 

After the calculation, the results are as shown in Figure 4. After 

the long -term deflection is carried out, we just need to propose 

a new layout and compare the limit de-flection with the new 

layout; this process is an iterative process. Table 5 summarises 

the results from the slab optimisation. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Slab long-term deflections 

       

 

Probl

em 

Num

ber 

Slab 

Dimension

s (mxm) 

Actual 

Thickn

ess 

(mm) 

Actual 

Max. 

Deflection 

(mm) 

Deflectio

n Limit 

(l/480)  

 

1 

4.40 × 

4.20 

120 
3.72 8.75  

 1.20 × 

4.50 2.40 2.50 

 

    

 2 

3.90 × 

4.18  5.02 8.13  

 3 

2.83 × 

3.40  5.12 5.90  

 4 

2.20 × 

3.60  2.93 4.58  

 5 

4.55 × 

3.60  2.67 7.50  

  

2.83 × 

2.70  3.39 5.63  

 6 

1.80 × 

4.57 90 3.07 3.75  

  

1.65 × 

1.80  3.00 3.44  

 7 

2.20 × 

3.60  3.00 4.58  

 1.40 × 

3.60 

 

2.88 2.92 

 

    

 8 

4.55 × 

3.60  2.64 7.50  

 9 

4.70 × 

3.80  4.39 7.92  

 

10 

3.80 × 

6.00 

160 

6.40 7.92  

     

  2.00 × 

5.40 5.20 4.17 

 

    

 11 

4.70 × 

3.70 90 4.34 7.71  

       

Table 5. Deflection after optimisation. 

The slab will be optimised considering two different slabs, the 

ones similar to those on the 2nd floor and similar to the ones 

on the 15th floor; there is not a great difference between both 

of them, but an accurate analy-sis will provide a better result. 

Taking into account that the amount of steel is invariant in the 

economisation of the slab, Table 6 resumes the concrete spared 

in the construction of buildings #1 and #2. 

4.2.2. Shear Wall Optimisation 

In our structure, the design main challenge are the lateral loads, 

due to the location, high seismic zone, and the own 

characteristic of a high -rise building (33 stories-high). 

Therefore we should understand perfectly the lateral 

displacement phenomenon. In our case after observing the 

story drift tables we can clearly determine that we have an issue 

with torsion. The lower balconies of both buildings have a great 

lateral displacement; this is caused by the torsion, which 

derives from a centre of mass distant from the centre of rigidity 

of the floor (Figure 5). 

Therefore the solution the paper proposes is to reduce the shear 

wall quantity on the north part of the structure and increase it 

on the bottom part of it. This concept is carried out by means 

of opening on the shear-wall to di-minish the shear-wall, and 

addition of a wall to reduce the drift (Figure 6). 

As a summary we have open six 1.5 m openings in six different 

shear walls, with the counterpart of adding a 1.5 m shear wall 

on the south part of the building. The concrete and steel 

contents have clearly been reduced in the lateral structure 

usage. Moreover the lateral drift, weight of the structure and 

base shear, the three of them have all been improved. Thus, it 

is obvious that the structure has been optimised economically 

and in terms of structural behaviour (Table 7). 

Table 8 shows the improvement in terms of materials 

consumed in the construction of the shear-wall in buildings #1 

and #2. 
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Floor Type 

Optimised 

Concrete 

Original 

Concrete 

Numb

er of 

Floors 

 

Total 

Concrete 

Saved 

 

 

per Floor 
(m3 C30) 

per Floor 
(m3 C30)  (m3 C30) 

 

  

2nd Floor 128.5 139.8 

3

1 

361.8 

 

15th Floor 131.8 143.3 1 

 

   

       

Table 6. Summary of concrete spared. 

Story 

Load 

Combinatio

n Dir. 

Prelim. 

Maximum 

Drift (m) 

Actual 

Maximum 

Drift (m)  

      

 

0.9 DL 

+1.02EX     

 

0.9 DL 

−1.02EX     

19th 

0.9 DL 

+1.02EX 

X 

1/

29

2 

1/

3

2

7 

 

 0.9 DL 

−1.02EX 

 

     

 

0.9 DL 

+1.02EX     

20th 

0.9 DL 

−1.02EX     

Table 7. Drifts after optimisation. 

 

Constructi

on 

Concrete 

Type 

Optimi

sed 

Concre

te (m3) 

Total 

Concre

te 

Saved 

(%) 

Optimised 

Steel 

(tHRB 

500) 

     

 C30 119.34 2.625  

 C35 0.19 0.011  

 C40 0.19 0.010 

2

.

4

2 

 C45 1.25 0.071  

 C50 −10.57 −0.229  

Table 8. Lateral and vertical load resisting system 

optimisation summary. 

 

Figure 5. Maximum lateral displacement zone. 

 

Figure 6. Shear-wall opening (red). 

4.2.3. Foundation Optimisation 

I have been described that the upper structure optimisation will 

provide lower requirements on the piles. The preliminary 

maximum axial strength of the pile is 3500 kN, which is not a 

sufficient margin in terms of im-provement, therefore a 

possible solution is considered is the post grouting piles. Post 

grouting consist on the ad-dition of mortar to the soil near the 

pile, it enhances the effective pile diameter, moreover, 

improves the bond between soil and pile by means of 

increasing the skin friction between them. 

After a study by the consultant firm Myanmar Zhi Geotechnical 

Engineering Service, it is determined that the post grouted pile 

capacity ascend up to 6500 kN axial resistance, based on ASD 

method defined in chapter 3. Thus, we can highly reduce the 

number of piles with an addition on the cost. 

The new layout principal focus is to place the piles under the 

walls, so that the punching shear will be de-creased and we can 

reduce the raft thicknesses. I consider that the increase of the 

piles will reduce the total number of piles around 60%. After 

the optimisation process, the results are as shown in Table 9 

and Table 10. 

4.3. Structural Behaviour Comparison 

4.3.1. Foundation System Comparison 
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The improvement in terms of foundations is focused in the 

number of piles used and the solution of the punch-ing shear 

issue, on the other hand we have the deflection increase counter 

effect. Figure 7 and Table 11 show the comparison between 

both, the initial and the optimised structure behaviour. 

4.3.2. Floor System Comparison 

The optimisation of the slab aims to achieve a deflection within 

the design criteria that is reduced with respect the original one. 

Figure 8 shows this increase. 

 

 

Figure 7. Deflection comparison. (a) Original; (b) Optimised. 

 Element 

Init

ial 

La

you

t 

Opti

mised 

Layo

ut 1 

Optim

ised 

Layou

t 2 

     

 Piles (#) 305 162 162 

 

Raft 

thickness 

(mm) 1700 1700 1400 

 

Punching 

shear (max) 3.96 0.8145 1.0192 

 

Maximum 

deflection 

(mm) 70.5 132 136 

Table 9. Foundation optimisation summary I. 

 

 

Figure 8. Deflection comparison. (a) Original; (b) Original. 

    

Construction 

Type 
Total Concrete 
Saved (m3 C50) 

Total Steel 

Saved (t HRB 

500)  

    

Foundation 
2

1

6

5 

4

9 

 

Raft 

 

   

    

Table 10. Foundation system optimisation summary II. 

  Original Layout 

Optimized 

Layout  

     

  3.9609 1.0047  

 Maxim 3.1796 1.0192  
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um 

punchin

g shear 

2.3574 0.9760 

 

   

  1.4414 0.9494  

     

Table 11. Punching shear comparison. 

4.3.3. Floor System Comparison 

The main criterion used is the drift along the height and the 

deflection of the high-rise building. The following figure 

displays the initial drift and the optimised drift, showing that 

there is an improvement even though the save in concrete and 

steel due to the reduction of shear-wall area (Figure 9). 

4.4. Results 

The optimisation of the Golden City is a project which has not 

been already successfully completed, it is still under 

construction, and this thesis is working in parallel with the 

design company and the construction company to have a better 

cost in the overall construction. Buildings #1 and #2 where 

optimised with respect the original design, afterwards the 

designing company used that process with buildings #5, #6 and 

#7. As a result the opti-misation improvements results of those 

three buildings is severely reduced compared with buildings #1 

and #2 (Table 12 and Table 13). 

 

Figure 9. Critical drift comparison. 

 Pile Concrete Raft Concrete 

Raft 

Stee

l 

    

Uni

t 

Pric

e 700¥/m3 700¥/m3 

390

0¥/

m3 

 1,271,200¥ 407,400¥ 

191

,00

0¥ 

Table 12. Golden city foundation optimisation cost summary. 

5. CONCLUSION 

This paper has proven that it is possible to define a guideline to 

optimise high-rise residential reinforced con-crete buildings, 

within the EEUU IBC and its referent codes building codes 

scope. Post grouting, shear-wall re-duction and slab reduction 

have been shown to be an effective way of reducing the overall 

cost of the structure, but with the additional improvement of 

the structure’s behaviour. For further studies I would like to 

expand this research to other building types or building codes. 
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