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1.  INTRODUCTION 

 
 
1.1 THE  REPORT 

 
This report is about the design, analysis, detailing, fabrication and execution of  tensile 

membrane roof over existing Wisma Belia swimming pool at Kuantan for aquatic events for the XV 

Malaysia Games from 7th July to 16July 2012. 

 
1.2 MALAYSIA  

 
Malaysia is located in Southeast Asia, just north of the Equator. It comprise of East Malaysia                           

and Peninsula Malaysia. They comprise of 13 states and 3 federal territories. Malaysia is the only 

federal constitutional monarchy in Southeast Asia. 

 
 
 
 
 
 

 
 
 The population is estimated to be about 29 millions (July,2011 est.) and represented by the 

multiple ethnic groups of mainly of Malays 50.4%, Chinese 23.7%, indigenous 11%, Indian 7.1% 

and others 7.8% (2004 est.).  And the official language is  Bahasa Malaysia.  

 

1.3 MALAYSIA GAMES - SUKMA 

 

In 1986, Malaysian Games SUKMA which is an acronym for Sukan Malaysia in Malay 

language is introduced to unearth new talents for international competition and also to rapport 

harmony among the multiple ethnic populations.  

 

It was a biyearly event which was first held in Kuala Lumpur, the capital of Malaysia. It was 

change to annual event in 2011 and this year 2012 the 15th Malaysia Games is hosted by state of 

Pahang from 7 July to 16 July. Pahang is on the east coast of Peninsula Malaysia. 

 

 
 
 
At end of 2010, the Pahang state government announced to upgrade building facilities for 

2012 Sukma Games. And the existing Wisma Belia swimming Pool at Indera Mahkota (Indera 

Mahkota Youth Complex), Kuantan is one of the chosen venue for aquatic events. 

 

 
 
 

 
 
 
 
 
 
                                                                               

 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

BEAUTIFUL BEACHES OF KUANTAN 
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1.4 PROJECT AND SITE 
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SITE PLAN 

EXISTING POOL LOOKING TO HOCKEY STADIUM AT FAR END 

EVENT SIGNBOARD FOR SWIMMING EVENTS BANNERS ALONG ROAD TO SITE 

MORE BANNERS  ALONG ROAD TO SITE 

EXISTING POOL LOOKING TO EXISTING RESTAURANT EVENT SIGNBOARD BESIDE ENTRY GATE 
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2. ARCHITECTURE CONCEPT & DESIGN DEVELOPMENT 

 

2.1 ARCHITECT’S INTENT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

VIEW FROM FRONT 
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VIEW FROM REAR 



                                                                                                                                                                                                                                                                                              9 

 

Tensile Structure for Indera Mahkota Aquatic Center,Kuantan,15TH MALAYSIA GAMES           TAN SIEW MOI            Institute for Membrane and Shell Technologies                          Anhalt University of Applied Sciences, Dessau   

2.2 DESIGN DEVELOPMENT 

 

2.2.1 ORIGINAL UNEQUAL GRIDS   
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2.2.2  PROPOSED EQUAL GRIDS  
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2.2.3  DETAILS AND DESIGN REFERENCE FROM JOB DONE 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

END CAP DETAIL TO BAHRAIN PIT BUILDING 

BORDER CABLE AND CORNER PLATE 
DETAIL  TO BAHRAIN MULTI-PURPOSE 
BUILDING 

FRONT HANGER & BACKSTAY DETAIL TO 

LANGKAWI STADIUM GRANDSTAND CANOPY 

TRUSS TIE SYSTEM TO BUKIT KIARA X-TREME 

SPORT COMPLEX 
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2.3 FINAL DESIGN CONCEPT 

 

  

VIEW FROM FRONT 
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VIEW FROM REAR 
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FRONT ELEVATION 
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LEFT ELEVATION 
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3.  PROJECT ORGANISATION 

 

3.1   FLOW CHART OF ENGINEERING DESIGN PROCESS IN RELATION TO PROJECT EXECUTION 
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3.2   GEOGRAPHICAL LOCATION OF PROJECT OFFICE             

 

ENGINEERING OFFICE (SINGAPORE) 

PRODUCTION FACTORY (TAPAH) 

PROJECT MANAGEMENT OFFICE (SHAH ALAM) 

SITE & CONSULTANT OFFICE (KUANTAN) 

My home town (Batu Pahat) 

MAP OF PENINSULA MALAYSIA 
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4. GENERAL INFORMATION  

 

4.1   PROJECT BRIEF 

 

The proposed tensile PTFE (polytetrafluoroethylene) coated glass fiber roof is under the care 

of the Kuantan Town Council or Majlis Perbandaran Kuantan (MPK) in Malay language. The roof 

cover a main competition pool of 21m x 50m and a diving pool of 15m x 20m, both are of Olympic 

standard. The membrane used is B18089 of Verseidag, Germany. The foot print of the roof  is 

approximately 100m x 64m on plan.  

 

The swimming pool roof is a barrel vault like structure of 82.5m length with both end a 

eyelid canopy cantilevered 9m out and sloped 24 deg downward.  

 

The steel roof structure comprise of 6 nos of 3D triangular truss of 1.7m width x 1.5m 

constant depth and spaced at 16.5m. Each truss is integrated with steel mast at 54m center to 

center at both end. The overall height of columns are 30m and top of truss is 22m above the 

general pool level. These columns are stabilized with front hanger and upper and lower backstay at 

rear. There are 1 column near the main entrance which ‘punch’ through the existing roof of the VIP 

room. The overall structure are braced longitudinally along the column gridline and also 3 single 

member curved tie beam at 3 location of bottom chord of the 3D truss. The base of column mast is 

then bolted to the precast holding down bolt to 1.5mx1.5m RC stump. And all steel frame are 

bolted connections.  

 

Approximately 220m run of 1.2m wide catwalk is hanged from these 3D truss at 15 location 

to provide access for maintenance of light fitting which is also fixed on the railing of catwalk.  

 

The fabric roof is make up of 5 internal panels and 2 end panels. The internal fabric panel is 

fixed across the bottom chord of 2 nos of 3D truss at 16.5m center to center and inside of the 

triangular truss is then fixed with 4mm thick solid polycarbonate sheet. 

 

 In summary, the project contract of approximately 6.2 million Malaysia Ringgit is to be 

completed in 5 months time for 6000m2 of membrane, 250 tons of steel frame, and 25 tons of 

220m long of catwalk. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  In considering the short project time, it is agreed with the client MPK that there will be 2 

phase of completion, before the games to finished installed all 5 internal panels from gridline X1 to 

X6 and after the games to continue to completed the 2 remaining end frame.  
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4.2    REFERENCE DOCUMENTS 

 

   Malaysia Standard   MS 1553 : 2002 Code of Practice on Wind Loading For 

                                                Building Structure  

 

 

4.3  UNIT 

 

       The S.I system shall be used : ie mm, m, KN and etc 

 
 
4.4   DESIGN CODE AND STANDARD 

 

        CP 3 : Chapter V-2 : 1993 Incorporating Amendment Nos. 1, 2, 3, 4 and 5     

                                       - Wind Loads 

 

        BS 6399 : Part 1 : 1996 – Code of practice for dead and imposed loads                                    

                                     

        BS 6399 : Part 3 : 1988 – Code of practice for imposed roof loads   

 

        BS 5950-1 : 2000 – Code of practice for design – Rolled and welded sections 

 

 

4.5  COORDINATES SYSTEM 

 

  The design model structural axis system is as follow: 
 

• +X  from grid line X6 to X1 

• +Y  from grid line Y2 to Y1 

• +Z vertically up 
 

 

4.6  MATERIAL  

 

4.6.1 STEEL  

 

All circular hollow section  to BS EN 10210 S275 or equal and general plates to BS EN 10025 

S275 or equal. The corner plate is using S355 material. The choice of material used is subject to 

availability of material. For analysis and design of the structure steel roof, yield stress of 275 

N/mm2 is assumed. 

 

           
  4.6.2 CABLE                                                                                                                                                                                                           
                               

Border cable use PE coated galvanized  steel  wire rope, and safety cable is galvanized steel 
wire rope dry type.   

                                
 
 4.6.3  MEMBRANE 

 
 PTFE fabric B18089 from  Verseidag, Germany.      

                               

 

 

 

 4.7  METHOD OF ANALYSIS  

 
 

The analysis of the tensioned membrane structure is done in two parts. Firstly is to do the 

form finding of the membrane. Then by using the forces from the static analysis of the prestressed 

membrane and applied to the steel structure and do a design check of the steel structure.  

 
4.7.1  FABRIC ROOF  

 

The task of determining appropriate forms of the membrane based on the given outline is 

using the software EASY from Germany. 

 

The EASY form finding method is based on the method of force density algorithm. After the 

equilibrium shape is formed, the form is then applied with external load, ie imposed load, wind load 

and etc. and static analysis of the fabric is then carried out. 

 

External load which will be applied to the surface of the membrane will be represented by 

nodal forces. 

 
 
4.7.2  STRUCTURAL STEEL SYSTEM  

      

The output forces from the membrane for all the load case from EASY is then extract for use 

as input forces to the structural steel and then for design purposes. 

 

The finite element software used for the steel analysis is STAAD PRO2007, developed by 

Research Engineers International, USA. 
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5.    STRUCTURAL SYSTEM   

 

 

The steel roof structure comprise of 6 nos of 3D triangulated truss of 1 top chord 1.5m 

height and 2 bottom chord of 1.7m wide. These trusses are spaced at 16.5m and integrated with 

steel column at 54m center. The overall length of the truss is 64m with 11.6m rise at the center. 

Each of these integrated truss with column height of 30m is stabilized with 1 front stay and 2 upper 

and lower backstay. 

 

 

 
 
 
 
 
 
 
The stability of the structure is dependent on ties and bracing along the column 

longitudinally. They are also tied quarterly at 3 locations across the bottom chord of the trusses. At 

the upper part of the column, a pair of crossly brace safety cable is introduced. 

 

Due to limitation and constrain for site access, the steel structure is designed such that it will 

be able to be lifted by a small tonnage crane eg. 30 tons and so bolted connection is decided.  

 

The 64m truss is then make up of 4 segment with flange joint connection. The 30m high 

column is divided into 3segment and connected at just before and after the 3D truss with flange 

joint. So is the bracing and ties along the columns, and the end canopies frame are also assembled 

in 3 parts by bolting system.  

 

 

 

The 3D trusses is also providing supports to about 220m run of catwalk at 15 location of 

general 4 hanging point each.  There are 2 row of  82.5m long catwalk  parallel to and about 15m 

high from the swimming pool. Between these catwalk, there is interconnecting link along gridline 

X4.  The catwalk is approximately 1.2m wide x 1.2m high.   

 

 

 

 

 

                     

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3D VIEW OF CATWALK SUPPORT BY TRIANGULAR TRUSSES 



                                                                                                                                                                                                                                                                                              21 
 

Tensile Structure for Indera Mahkota Aquatic Center,Kuantan,15TH MALAYSIA GAMES           TAN SIEW MOI            Institute for Membrane and Shell Technologies                          Anhalt University of Applied Sciences, Dessau   

6. LOADING ASSUMPTION 

 
The fabric roof and steel structure is subjected to the following loading: 
 
a)  Self weight of steel truss, column, bracing etc. 
 
b)  Dead load of catwalk 
 
c)  Prestress force in the membrane 
 
d)  Imposed live load on membrane roof and catwalk  
 
e)  Wind load  
 
 
 
6.1  Self weight (SW)  

 
          Self weight of steel member  = automatically calculated in the software   
 

Self weight of fabric  = 1.15 kg/ m2 

          ( Insignificant so it is ignored in the membrane load ) 

 
 
6.2  Dead Load of catwalk (DCW) 

           
The catwalk is supported from the 3D truss at 15 Groups of generally 4 point from  the 

bottom chord at 1.7m x 1.275m apart each except at gridline X4 where it is the main access.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The weight of catwalk with expanded mesh + M&E load assumed to be 150 kg/m run 
 

Group 1 load per point  = [(7.544+7.2)/2 x 150] /2 = 553 kg (5.53 KN) 
   

Group 2 load per point =  [(25/2) x 150] /2 = 937 kg (9.4 KN) 
 

Group 3 load per point = [(16.5 + 6.25) x 150] /4 = 853 kg (8.53 KN) 
 

Group 4 load per point = [(6.25 +16.5 + 7.55/2) x 150] /4 = 995 kg (9.95 KN) 
 

Group 5 load per point = (16.5x150) /4 = 618 kg (6.2 KN) 
 

Group 6 load per point = [(7.544/2 + 3.3) x 150] /2 = 530 kg (5.3 KN) 
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6.3  Prestress Load (PRE)  

 
           Prestress is induced to increase membrane stiffness and obtain a stable form which is in  

equilibrium. In this case, a prestress force of  3KN/m is assumed for warp and weft direction. 

 
 
6.4 Imposed Live Load  

 

           6.4.1)  Membrane roof  (VL) 
 
            Imposed live load  on membrane roof  = 0.25 KN/m2  

 

This load is applied vertically downward to the fabric roof. 

 

             

6.4.2)  Catwalk  (LCW) 

 

            For localized catwalk design, assumed live load = 1.5 KN/m2 

 

            For global analysis of the structure roof,  

                 assumed live load applied simultaneously on all catwalk = 0.75 KN/m2 

 

            Using the same loading group as in the dead load case,  

            Live load  = 0.75 KN/m2 x 1.2m internal clearance of catwalk = 0.9 KN/m  

 

Group 1 load per point  = [(7.544+7.2)/2 x 0.9] /2 = 3.32 KN 

Group 2 load per point =  [(25/2) x 0.9] /2 = 5.62 KN 

Group 3 load per point = [(16.5 + 6.25) x 0.9] /4 = 5.12 KN 

Group 4 load per point = [(6.25 +16.5 + 7.55/2) x 0.9] /4 = 5.96 KN 

Group 5 load per point = (16.5x0.9) /4 = 3.71 KN 

Group 6 load per point = [(7.544/2 + 3.3) x 0.9] /2 = 3.18 KN 

 

 

6.5 Wind Load 

 
       Reference to Malaysian Standard MS 1553 :2002 : Code of Practice on wind 

       loading for Building Structure 

 

       As Kuantan  fall in Zone II as shown in  Figure 3.1,  

       so basic wind speed  of 32.5 m/s  is adopted for the  wind load calculation. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Reference to CP3 : Chapter V : Part 2 1993 for dynamic wind pressure 
 
       Dynamic pressure due to wind is given by : 
 
                       q  = k Vs 2  N/m2 
 

where k = 0.613 
 

Vs  =  VxS1xS2xS3 
     
     Basic wind speed  V  = 32.5 m/s    
 

S1 -  topography factor  = 1.0 

  S2 - ground roughness, structure size and height above ground factor 

 

Ground roughness  =  3 

Maximum height    =  20 m 

Class  =  C 

Therefore S2  =  0.85 

 

S3 – statistical factor  =  1.0  

 

Vs  = 32.5x1.0x0.85x1.0  =  27.6 m/s 

q  =   0.613 x 27.6 x 27.6  = 467 N/m2   say  0.5 KN/m2 

 

 

WIND ZONE MAP OF PENINSULAR MALAYSIA 
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Assumed the fabric roof is duopitch canopy of roof angle approx  = 20 deg  
 

Therefore from Table 13, 
Assumed the entrance and audience stand is 100% obstruct,  

 
Solidity ratio   Ø  = 1   (obstruct)          
Min Overall Cp =  -1.3   and Max Overall  Cp =  +0.6     

 
 
 
  6.5.1)  Wind Uplift   (WU) 

           Wind uplift   Wu  =  -1.3 x 0.5  =  -0.65 KN/m2    
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6.5.2)  Wind Pressure   (WP) 

               Wind pressure Wp =  +0.6 x 0.5 =   0.3 KN/m2   
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6.5.3)  Wind from Entrance  (WENT) 

                   Wind Perpendicular to Grid line Y2   
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

6.5.4)  Audience stand  (WAS) 

                   Wind Perpendicular to Grid line Y1   

 
 

 

 

 

 

 

 

 

 

 

 

 

 

6.5.5)  Wind from Driving Pool Side when End bay is Wind Pressure  (WDP_P)   

 Wind Perpendicular to Grid line X6   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6.5.6)  Wind from Driving Pool Side when End bay is Wind Uplift  (WDP_U)   
  Wind Perpendicular to Grid line X6   
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6.5.7)  Wind from Score Board Side when End Bay is Wind Pressure  (WSB_P)   

   Wind Perpendicular to Grid line X1   

         
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

6.5.8)  Wind from Score Board Side when End Bay is Wind Uplift   (WSB_U)   

   Wind Perpendicular to Grid line X1   

 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7.   STEEL ANALYSIS AND DESIGN  

 

7.1   DESIGN METHOD 

 

     For the in-placed analysis there will be 2 limit state analysis, service limit state and the ultimate 

limit state. 

 

     The service limit state relate to performance under normal service conditions, e.g deflections. 

And ultimate limit state are related to safety and load carrying capacity of the structure where the 

specified loads is multiplied by relevant partial factor.  

       

     The design facility available in STAADPRO software shall be used to code check the members for 

member forces and moment due to the various loading combinations for both limit states. 

 

 

 

7.2  DESIGN MODEL 

  

 

The steel structure has been modeled as a 3 dimensional frame model along the center line 

of the steel section. The ends of frame member are connected by nodes. All the steel member in 

this case uses all circular hollow section. 

 

All the steel member are assumed to be frame type except the mast frontstay, backstay, ties 

between truss and bracings between column. These are assumed to be truss member which will 

have a bolted connection at both end. 

  

     The stabilizing cable between top of mast are assumed to be tension only  

Member with small diameter solid round bar representing the cables. 

 

The following properties is used for the analysis on the steel member: - 

 

Young’s Modulus = 2.10E08KN/m² 

Shear Modulus = 8.0E07 KN/ m² 

Poisson Ratio = 0.3 

Mass density of steel = 7850 kg/m³ 

Gravitational acceleration = 9.81 m/s² 

Coefficient of thermal expansion = 11.7E-06 /deg C 

 
 

 

 

 

 

 

 

 

 

 

 



                                                                                                                                                                                                                                                                                              25 
 

Tensile Structure for Indera Mahkota Aquatic Center,Kuantan,15TH MALAYSIA GAMES           TAN SIEW MOI            Institute for Membrane and Shell Technologies                          Anhalt University of Applied Sciences, Dessau   

 

    For ease of reference, the steel member of the design model has been group 

as follow;  

 

a) member       1 to 456  =  bottom curved chord of 3D truss 

b) member   457 to 536  =  edge member of eyelid canopy  

c) member   537 to 782  =  bottom horizontal chord of 3D truss 

d) member   783 to 992  =  top curved chord of 3D truss 

e) member  993 to 1928 =  diagonal chord of 3D truss 

f) member  1929 to 1962  = bracing and prop member to eyelid canopy 

g) member  1963 to 1977  = tie member between 3D truss  

h) member  1978 to 2041  = lower, intermediate and upper mast 

i) member  2042 to 2061  = tie member at between lower masts 

j) member  2062 to 2077  = mast front stay   

k) member  2078 to 2193  = mast backstay  

l) member  2194 to 2227  = internal short tie of backstay 

m) member  2228 to 2255  = longitudinal bracing between lower mast 

n) member  2256 to 2275  = stabilizing cable at intermediate mast 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7.3.  BASIC LOAD CASES & LOAD COMBINATION 

 

The membrane roof and steel structure system are analyzed based on the following load 

cases and load combinations. 

 

7.3.1 BASIC LOAD CASES 

 

      LOAD 1  (SW) =  Self weight of  steel structure automatically calculated by the  
    software 
 
      LOAD 2  (DCW)   =  Dead load of catwalk + ME load  
  
      LOAD 3  (LCW)   =  Imposed Live Load on catwalk  
 
      LOAD 4  (PRE)    =  Prestress load from membrane roof  WITHOUT any external  
        load     
 

    The following external load is applied on to a stable and prestressed membrane form. So 

the following load case actually consist of prestressing  load. 

 

      LOAD 5  (VL)   =  Imposed Live Load on membrane roof 
 
      LOAD 6  (WU)  =  Wind Uplift on membrane roof 
 
      LOAD 7  (WP)  =  Wind Pressure on membrane roof 
 
      LOAD 8  (WENT)  =  Wind from Entrance side (Y2) 
 
      LOAD 9  (WAS)     =  Wind from Audience Stand (Y1) 
 
      LOAD 10  (WDP_P)  =  Wind from Driving Pool side (X6), End bay wind pressure 
 
      LOAD 11  (WDP_U)  =  Wind from Driving Pool side (X6), End bay wind uplift 
 
      LOAD 12  (WSB_P)  =  Wind  from Score Board side (X1), End bay wind pressure 
 
      LOAD 13  (WSB_U)  =  Wind from Score Board side (X1), End bay wind uplift 
 
      And all the above load case are unfactored load. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

Load 1

XY
Z

STEEL DESIGN MODEL 
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7.3.2.  SERVICE LOAD COMBINATION  

 
LOAD 100  =  SW + DCW + PRE 

       LOAD 101  =  SW + DCW + LCW + VL 

       LOAD 102  =  SW + DCW + WU 

       LOAD 103  =  SW + DCW + WP 

       LOAD 104  =  SW + DCW + WENT 

       LOAD 105  =  SW + DCW + WAS 

       LOAD 106  =  SW + DCW + WDP_P 

       LOAD 107 =   SW + DCW + WDP_U 

       LOAD 108 =   SW + DCW + WSB_P 

       LOAD 109 =   SW + DCW + WSB_U 

 

 

 

7.3.3   ULTIMATE LOAD COMBINATION 

 

LOAD 200  =   1.4(SW + DCW+PRE) 

      LOAD 201  =   1.4(SW+DCW) + 1.6(LCW+VL) 

    LOAD 202  =   1.0(SW + DCW) + 1.4WU 

       LOAD 203  =   1.2(SW + DCW) +1.2WP 

       LOAD 204  =   1.2(SW + DCW) + 1.2(WENT) 

       LOAD 205  =   1.2(SW + DCW) + 1.2(WAS) 

       LOAD 206  =   1.2(SW + DCW) + 1.2(WDP_P) 

       LOAD 207  =   1.0(SW + DCW) + 1.4(WDP_U) 

       LOAD 208  =   1.2(SW + DCW) + 1.2(WSB_P) 

       LOAD 209  =   1.0(SW + DCW) + 1.4(WSB_U) 

 

The design of the member sizes are based on the above load combination. 

 

 

 

 

 

 

 

 

 

 

 

 

 

7.4.  BOUNDARY CONDITION 

 

 The steel structure is supported on top of 12 nos of RC stump at spacing of 16.5m x 54m to 

each other. The mast base supports are assumed to be fixed condition which restrained in X, Y 

direction horizontally and Z direction vertically and also restrained in the X, Y and Z moment. 

 

   

 

 

 

 

     

 

 

 

 

 

 

 

 

 

                          SUPPORT NODE NUMBER LAYOUT PLAN 

 

 

 

 

 

 

 

           

 

 

 

 

 

 

 

 

                          SUPPORT NODE NUMBER 3D VIEW 
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7.5. DESIGN OF STEEL MEMBERS 

 
The design of the member size complied to BS5950 where the ultimate strength is used and 

the  relevant load factor is applied to the imposed loading. 

 

For deciding the correct pipe size for every member, compression will be the deciding factor 

and the compression capacity depends on the slenderness ratio (l/r) and the tension capacity only 

depends on the sectional area. 

 

The final member size for individual member are determined from the worst force and 

moment from the ultimate load combination.  

The software is able to check the sizes assigned based on the output from the worst load 

combination.  The member sizes layout  is attached for reference.  

 

 

7.5.1  MEMBER SIZES LAYOUT 

 

 

 

 

 

 

 

 

 

     

 

 

       BOTTOM CURVED CHORD - 219Ø X 6                            HORIZONTAL BOTTOM – 89Ø X 4 

 

 

 

 

 

 

 

 

 

 

 

 

 

      HORIZONTAL BOTTOM & DIAGONAL – 139Ø X 6             HORIZONTAL BOTTOM  – 139Ø X 8 

 

 

 

 

 

 

 

 

 

 

                

 

 

 

 

 

 

 

 

 

 

 

 

                

     DIAGONAL  – 89Ø X 4                                                  DIAGONAL  – 114Ø X 4.5 

 

 

              

             

 

 

 

   

 

 

 

 

 

     TOP CURVED CHORD - 219Ø X 6                                  EDGE CHORD - 273Ø X 9.5  

 

     

               

 

 

 

 

 

 

 

 

 

 

      EDGE BRACE – 168.3Ø X 6                                          EDGE DIAGONAL BRACE – 168.3Ø X 10 

 

 

 

 

Load 1

X

Y

Z

Load 1

X

Y

Z

Load 1

X

Y

Z

Load 1

X

Y

Z

Load 1

X

Y

Z

Load 1

X

Y

Z

Load 1

X

Y

Z

Load 1

X

Y

Z

Load 1

X

Y

Z

Load 1

X

Y
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     EDGE DIAGONAL BRACE – 168.3Ø X 8                            TIE BTW 3D TRUSS – 273Ø X 8 

 

  

              
       LOWER MAST  – 609Ø X 16                                        INTERMEDIATE MAST  – 406.4Ø X 12.5   

 

 

             

 

 

 

 

 

 

 

 

 

 

  

        MAST FRONT STAY  – 219Ø X 9                                MAST BACKSTAY  – 168Ø X 6 

 

 

 

 

 

 

 

 

        

                

 

 

 

 

 

 

 

 

 

 

       TIE BETWEEN MAST BACKSTAY  – 73Ø X 5                    LONGITUDINAL BRACE – 219Ø X 6 

 

 

           

 

 

 

 

 

 

 

 

 

 

          LONGITUDINAL BRACE – 219Ø X 9                           LONGITUDINAL TIE – 273Ø X 9 

 

        

 

 

 

 

 

 

 

 

 

 

         SAFETY CABLE BETWEEN MAST – 16Ø  
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7.6  LOCAL DESIGN CHECK  

 

7.6.1  STABILIZING CABLE AT TOP OF MAST 

 

From the steel structure analysis output,   

 

maximum axial force = 30 KN 

 

Proposed to use 16mm Ø 1x19 galvanized steel wire rope  

 

Min breaking load = 211 KN >>30 KN 
  

Therefore is ok to use 16mm Ø wire rope. 

 

 

 

7.6.2.  HOLDING DOWN BOLTS 

 

 

         Reaction summary extracted from analysis output as shown, 
 

 

 

 

 

 

From the reaction forces summary output, max reaction forces are; 

 
Fx  =  233 / -233 KN                       Mx  =  530 / -774 KNm 

Fy  =  229 / -229 KN                       My  =  279 / -279 KNm  

Fz  =  567 / -334 KN                       Mz  =  125 / -125 KNm 

 
          Note : +ve Fz is the compression and –ve Fz is the tensile force  
 

 
Proposed 20 x M30 grade 8.8 in a circular arrangement at 1m diameter, and assumed only 4 

bolts on each side at 0.89m apart are resisting; 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ft due to Mx per bolt = 774 / (4x0.89)  = 217.4 KN 

Direct Ft per bolt  =334 /20  =  16.7 KN 

Total tensile per bolt Ft  = 217.4 + 16.7  = 234.1 KN                                                                   

 

Fs due to Mz per bolt = 125 / (4x0.89)  = 35.1 KN 

              Direct Fs per bolt =  (2332 + 2292)½   /20  =  16.3 KN 

                    Total Fs per bolt  =  35.1 + 16.3 = 51.4 KN 

                                                        

          Tensile strength of Grade 8.8 bolt = 450 N/mm2 

Shear strength of Grade 8.8 bolt  = 375 N/mm2 

ft  =   234.1xe3 / 561  = 417 N/mm2  < 450 N/mm2   OK 

fs  =  51.4xe3 / 561  =  92 N/mm2  <  375 N/mm2  OK 

 

Combined stress check, 

            417/450 + 92 /375  =  1.172  <  1.4  OK 

   
Horizontal Vertical Moment 

 Node L/C FX 

(kN) 
FY 

(kN) 
FZ 

(kN) 
MX 

(kNm) 
MY 

(kNm) 
MZ 

(kNm) 

Max FX 800 208:1.2(SW+DCW)+1.2(WSB_P)  232.063  97.654 -23.855 -106.987  62.379 -22.129 

Min FX 782 206:1.2(SW+DCW)+1.2(WDP_P) -232.586  97.637 -23.505 -106.971 -60.596  20.386 

Max FY 790 201:1.4(SW+DCW)+1.6(CDW+VL) -13.887  228.469  507.055 -773.536 -39.192  3.081 

Min FY 788 201:1.4(SW+DCW)+1.6(CDW+VL) -26.716 -228.757  566.764  246.624 -4.373 -1.534 

Max FZ 788 201:1.4(SW+DCW)+1.6(CDW+VL) -26.716 -228.757  566.764  246.624 -4.373 -1.534 

Min FZ 776 202:(SW+DCW)+1.4WU -60.139  160.995 -333.775 -95.690  9.324  62.486 

Max MX 788 204:1.2(SW+DCW)+1.2WEN -42.971 -124.248  88.426  529.380 -7.790 -0.007 

Min MX 790 201:1.4(SW+DCW)+1.6(CDW+VL) -13.887  228.469  507.055 -773.536 -39.192  3.081 

Max MY 802 208:1.2(SW+DCW)+1.2(WSB_P)  228.307 -97.765  13.935  171.829  278.833  22.013 

Min MY 784 206:1.2(SW+DCW)+1.2(WDP_P) -228.844 -97.713  14.756  171.682 -278.306 -19.787 

Max MZ 808 208:1.2(SW+DCW)+1.2(WSB_P)  63.227  34.256 -60.780 -87.560 -27.936  124.287 

Min MZ 806 208:1.2(SW+DCW)+1.2(WSB_P)  63.709 -34.308 -65.863  89.498 -29.237 -124.972 
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7.6.2.1  Embedment length check, 

            

  fbu =    β (fcu)½ 

 

Where   fbu  =  design ultimate anchorage bond stress 

                      β     =  0.28 for plain bar  

                      fcu  =  35 N/mm2 for concrete grade                                   

 

 fbu =    0.28 (35)½ = 1.656 

 

anchorage force / (Π x Ø x L )  =  fbu  

 

   embedment length L  =  anchorage force / (Π x Ø x fbu)   

                  =  234.1x1e3 / (Π  x 30 x 1.656) 

      =  1500 mm     

 

Therefore provide minimum 1500mm embedment length is OK. 

 

7.6.2.2  Base plate thickness check 

 
Assumed the plate is bend in double curvature over the width of 590mm for 4 bolts and 
ignored the 16mm and 20mm thk stiffener plate,  

 
M  =  234.1 x (1.0 - 0.609)/2 x ½  =  22.88 KNm 

 
  Zprovide  = 1/6 x 590 x 302  =  88500 mm3 
 
   fb  =  22.88x1e6 / 88500   =  258 N/mm2   <  275 N/mm2   OK 
 

Therefore use 30mm thk base plate with stiffener plate is OK.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7.6.3   DESIGN OF PIN CONNECTIONS 

 

7.6.3.1  MAST FRONT HANGER 

         

          Max axial force as extracted from analysis output = 217 KN 

 

 

 

 

 

 

 

 

 

 

 

          Proposed to use 1 x M48 grade 8.8 bolt with 16mm thick tongue plate, 

 

Tensile strength of Grade 8.8 bolt = 450 N/mm2 

Shear strength of Grade 8.8 bolt  = 375 N/mm2 

 

fs  =  [(217/2x1e3)] /1470  =  74 N/mm2  <  375 N/mm2  OK 

 

bearing stress of tongue plate, fbs = [(217/2)x1e3] / (48x16)   

                                                  = 141 N/mm2   < 460 N/mm2   OK 

 

 Where 460 N/mm2   is the bearing strength for S275 plate.    

 

 

7.6.3.2  TIE BETWEEN 3D TRUSS 

         

          Max axial force as extracted from analysis output = 323 KN 

        

 

 

 

 

 

 

 

 

 

          Proposed to use 1 x M48 grade 8.8 bolt with 16mm thick tongue plate, 

 

Tensile strength of Grade 8.8 bolt = 450 N/mm2 

Shear strength of Grade 8.8 bolt  = 375 N/mm2 
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fs  =  [(323/2)x1e3] / 1470  =  110 N/mm2  <  375 N/mm2  OK 

 

bearing stress of tongue plate, fbs = [(323/2)x1e3] / (48x16)   

                                                  = 210 N/mm2   < 460 N/mm2   OK 

 

 Where 460 N/mm2   is the bearing strength for S275 plate.    

 

7.6.3.3  BRACE AT LOWER MAST 

         

          Max axial force as extracted from analysis output = 365 KN 

        

 

 

 

 

 

 

 

 

 

          Proposed to use 1 x M36 grade 8.8 bolt with 12mm thick tongue plate, 

 

Tensile strength of Grade 8.8 bolt = 450 N/mm2 

Shear strength of Grade 8.8 bolt  = 375 N/mm2 

 

fs  =  [(365/2)x1e3] / 817  =  224 N/mm2  <  375 N/mm2  OK 

 

bearing stress of tongue plate, fbs = [(365/2)x1e3] / (36x12)   

                                                  = 422 N/mm2   < 460 N/mm2   OK 

 

 Where 460 N/mm2   is the bearing strength for S275 plate.    

 

 

 

 

 

 

 

 

 

 

 

 

 

7.6.4  PLATE CONNECTION TO CHS  

 

For the tensile structure, there is a lot of connection with plate welded to circular hollow 

section for fixing of fabric, for bolting of bracing member and etc. To check the influences of 

forces to these plate and main member is quite complex, so a finite element model (FEM) is 

done for some typical connection to verify the von mises stresses or equivalent stress is not to 

exceed the yield stress of main member and plates.  

 

The von mises stress shall not exceed 90% of the material yield stress. Therefore  the 

connection stresses shall not exceed 0.9x275 N/mm2 = 247.5 N/mm2 

 

 Extract  4 finite element model done at four connections as shown and attached for 

information. And max von mises stress is 237 N/mm2 at Detail J2. 
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7.6.4.1   JOINT AT 3D TRUSS BOTTOM CHORD TO EDGE FRAME BRACE MEMBER  

 

   

 

 

 

 

 

 

 

 

 

 

                                 INFORMATION ON THE JOINT                                FEM WITH FORCE @ BOLT HOLE                                   3D RENDERED                                 MAX VON MISES OUTPUT  

 

 

 

 

 

7.6.4.2   JOINT AT LOWER MAST HORIZONTAL TIE & BRACE MEMBER 

 

 

 

     

 

 

 

 

 

 

 

 

                                INFORMATION ON THE JOINT                              FEM  WITH FORCES @ BOLT HOLES                          3D RENDERED                                 MAX VON MISES OUTPUT 

 

 

 

 

 



                                                                                                                                                                                                                                                                                              33 
 

Tensile Structure for Indera Mahkota Aquatic Center,Kuantan,15TH MALAYSIA GAMES           TAN SIEW MOI            Institute for Membrane and Shell Technologies                          Anhalt University of Applied Sciences, Dessau   

 

7.6.4.3   JOINT AT EDGE FRAME WITH 3 BRACE MEMBER  

 

 

 

                                 

 

 

 

 

 

 

 

 

 

 

                    INFORMATION ON THE JOINT                    FEM  WITH FORCES                                            3D RENDERED                                         MAX VON MISES OUTPUT 

 

 

 

7.6.4.4   JOINT AT FRONT HANGAR TO EDGE FRAME WITH BRACE MEMBER 

 

 

                    INFORMATION ON THE JOINT           FEM  WITH FORCES                                            3D RENDERED                                                         MAX VON MISES OUTPUT 

 

 

 

 



                                                                                                                                                                                                                                                                                              34 
 

Tensile Structure for Indera Mahkota Aquatic Center,Kuantan,15TH MALAYSIA GAMES           TAN SIEW MOI            Institute for Membrane and Shell Technologies                          Anhalt University of Applied Sciences, Dessau   

 

7.7  SUMMARY OF CONNECTION DETAILS 
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8.  MEMBRANE ANALYSIS AND DESIGN 

 

8.1  GENERAL INFORMATION 
 

The fabric material is represented by a network of mesh formed by membrane link 

represented by segment of lines. For  membrane design,  firstly  is to do a form finding to study the 

feasibility of the proposed shape with assumed material type and sizes.  Secondly is to study the 

proposal when various loading is applied onto the stable form and check for the displacement and 

stresses  in the membrane for all possible load combination and not forgetting to make sure the 

proposed form will not have any water pounding possibility. And lastly is to do a cutting pattern 

based on the available width of  proposed fabric used with compensation value adopted from the 

result of the biaxial test  and also typical production practice ie seam width and pocket allowance.  

And then finally the individual pattern can then be used for  production.  

 

 

8.2  FORM FINDING   

 
      8.2.1)  To identify the different netpath for the project and for the shape of this structure, 

there is only 2 type of netpath ie the internal panel and the edge panel as shown.  

 

 

 

 

 

 

 

 

 

 

 

 

8.2.2)   Prepare the boundary in cad program and then import into EASY and assign sag 

ratio to the cable edge and radius or sag ratio for the curved beam.  Check the fixity of the 

boundary points for form find and also for static analysis.   

  In this case, the sag ratio used is  12.5% for the border cable edge and 18% or 50m radius for the 

curved fixing edge.  

         

 

 

 

 

 

 

 

 

 

8.2.3)  Then form find based on the assigned value. The warp and weft direction have to be 

decide based on the intended cutting pattern configuration as these will affect the static analysis 

result later.   

 

 

 

 

 

 

 

 

  

  

 

 

 

 

 

 

 

 

 

 Result of form finding                    Weft is along the curved edge         Ward is across curve edge 

 

 

    8.3  CONTOUR  

      
     A contour line of 0.1m is plotted and it show there will not be any water stagnate problem 

due to the shape of the structure. 
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  8.4  LOADING AND STATICAL ANALYSIS     

      
    8.4.1)   Assumed a prestress force for the final form and load the form with the calculated 

various loading ie. wind load or live load by creating load case. A prestress force of 3 KN/m for warp 

and weft is adopted for this project. 

 

The surface load is applied as nodal load to the nodes in the mesh. And all wind load are 

applied normal to the membrane surface, except the imposed live load which is vertically to the 

surface of the membrane. Extract some applied load diagram for reference. 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8.4.2)  Then view the analysis results ie reactions at the fixing point. These are the forces  that are 

then extract and apply to the steel structure.    
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8.4.3)  To perform statical structural analysis, correct stiffness value have to assumed for the 

membrane link. In this case, 2000 and 1000 is assumed for warp and weft membrane links and 

5000 assumed for cable link. Upon completion of the analysis of a typical load cases, there will be 

a stressed pattern shown in these membrane link. The magnitude of stresses is expressed in 

colour as well as width of membrane link in the following order, 

 

Blue  

Low stress value  
 
 

 In each colour category, thicker link 
represent higher stress in that 

category 

Green   

Greenish yellow   

Orange   

Red (except dots) High stress value  

 
   

Red dots seen in any stress pattern represent fixed point of fabric for design analysis.   

For each load case, there will be a overall stress pattern shown where the highest   

stressed area can be located. The following membrane stress value are not shown for clarity. 

    
 
 
 
 
 

8.5   LOCAL DESIGN CHECK 

 
8.5.1  MEMBRANE  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
From the tabulated summary, the max membrane stress is 24 KN/m from wind uplift case. 
 

          From the technical data of B18089 from Verseidag, , 
 

          Tensile strength (N/5cm) warp/ weft = 7000 / 6000 
 

     And the max stress is along the weft direction, = 120 KN/m  
                        
        Safety factor = 120 / 24 = 5.0  

      
     Therefore the chosen membrane is ok to use for this span. 
 

 

 

8.5.2 BORDER CABLE  
 

From the tabulated summary, the max cable force is 231KN from wind uplift case. 
 

         Proposed to use 28mm Ø 6 x 37 IWRC galvanized steel ire rope, 
 

          Min breaking load = 49600 kg = 506 KN 
 
      Safety factor = 506 / 231 = 2.2  
                        

          Therefore is ok to use 28mm Ø wire rope. 
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8.5.3  CORNER PLATE  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The 28mm diameter border cable is fix on to a double layer 16mm thk ‘burger’ welded to 89 
∅ x 11.3mm thk x 300mm long pipe section. 

 
Max border cable force  = 231 KN (unfactored load) 
Assumed load factor of 1.4 due to wind uplift,  F = 231 x 1.4 = 323.4 KN 

 
Center of group of 5 x M36 G8.8 bolts to center of cable fitting  = 155mm 
Moment due to cable force,  M = 323.4 x 0.155 = 50 KNm 

 
This moment is to resist by the 5 bolts about the center of bolts in shear force Fs, 

 
Therefore  2 Fs x 0.047  = 50 KNm 

          Fs  due to moment = 50/(2x0.047) = 532 KN 
 

Or   3 Fs x 0.031 = 50 KNm 
              Fs due to moment = 50/(3x0.031) = 538 KN 
 
          Direct shear force per bolt = 323.4/5 = 64.7 KN 

Therefore maximum shear force per bolt = 538 + 64.7 = 602.7 KN 
 

Proposed to use 5 x M36 grade 8.8 bolt with 16mm thick double plate, 

 

Tensile strength of Grade 8.8 bolt = 450 N/mm2 

Shear strength of Grade 8.8 bolt  = 375 N/mm2 

 

fs  =  [(602.7/2x1e3)] /817  =  369 N/mm2  <  375 N/mm2  OK 

 

bearing stress of the double ‘burger’ plate, fbs = [(602.7/2)x1e3] / (36x16)   

                                                  = 523 N/mm2   < 550 N/mm2   OK 

 

 Where 550 N/mm2   is the bearing strength for S355 plate.    

 
8.6  BIAXIAL TEST 

 

From the membrane stress pattern, a suitable value is decided for carry out the biaxial test. 

In this case, a value of about 70% of the maximum stress is used for various load case is tabulated 

as follow. And the test is carried out by University of Essen, Germany.  

 

These  values are extracted from the membrane analysis based on wind speed of 38 m/s 

which is later revised to 32 m/s in the final design. 

 

 

  

 

 

 

 

 

 

 

 

 

 
The following sketch is the force-time diagram proposed to University of Essen for the load ratio 

and sequences and the numbers of loads.                  
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In this particular project, there are FOUR batch of material from Verseidag, so FOUR biaxial 

test is done.  Extract here some pages from one of the test for information. 
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The elongation result of the 4 batch of material is summarized as follow; 
 
 

 

 

As the result was based on higher wind speed as opposed to the design wind speed of 

32m/s, when deciding a suitable value for compensation for cutting pattern, some reduction is 

considered from the tested result. 

 

Based on past experience with Verseidag’s PTFE material and the above result, we have 

used compensation value of 2.8% for the weft and 0.6% for the warp. Whereas the fixed side which 

is along the weft direction 1.2% is used instead of 2.8% as shrinkage is expected at welded seam 

for the keder pocket.  

 

 

 

 

 

 

 

 

 

8.7   CUTTING PATTERN 

 

8.7.1  FABRIC SYSTEM POINT 

 

After the compensation value is established, some typical details ie. seam width, 

clamping detail, border cable pocket size are then finalized to prepared the cutting pattern. 

Also the roll width of the membrane is also known to decide how many strips of cutting 

pattern.  

For fabric patterning, the system is different from the steel structure system, 

example the distance between 2 steel arch center is 16.5m, but fabric system is smaller 

than that and is 14.4m instead. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       The width of B18089 is 4.7m, so maximum width of the patterning at system is 4.6m 

after deducting the overlapped seam of 80mm and trimming of 10mm on each side of the width of 

membrane.  

So total nos of strip for internal panel is about 68m/4.6 = 15 and end panel 17 strip, and 

they are symmetrical about the centerline, so only 17 cutting pattern need to be done.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



                                                                                                                                                                                                                                                                                              41 
 

Tensile Structure for Indera Mahkota Aquatic Center,Kuantan,15TH MALAYSIA GAMES           TAN SIEW MOI            Institute for Membrane and Shell Technologies                          Anhalt University of Applied Sciences, Dessau   

8.7.2   COMPENSATED CUTTING PATTERN  

 

Therefore the overall cutting pattern for the swimming pool membrane roof are as follow;  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
The compensated cutting pattern Strip 1 to 17 based on fabric system are attached for info. 
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8.7.3     OFFSET CUTTING PATTERN 

 

The cutting pattern based on fabric system are to be further process before actual cutting 

can be carried out. The tabulation of how much offset is is shown in the sketch below. The 

offsetting process is then done in autoucad.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

After that a different set of cutting pattern data is then passed to factory for actual 

fabrication.  
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8.7.4  DIMENSION CHECK  

 

 As the cutting pattern is to be use 5 times for internal panel and 2 times for the end panel, 

extra measure is taken to make sure the compensated strips are done correctly, so dimension 

check of uncompensated length and area against the compensated length is done as shown. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DIMENSION CHECK FOR INTERNAL STRIPS 

DIMENSION CHECK FOR EDGE STRIPS 



                                                                                                                                                                                                                                                                                              47 
 

Tensile Structure for Indera Mahkota Aquatic Center,Kuantan,15TH MALAYSIA GAMES           TAN SIEW MOI            Institute for Membrane and Shell Technologies                          Anhalt University of Applied Sciences, Dessau   

8.8   SUMMARY OF DETAILS  
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9.  STEEL ERECTION 

 

9.1   LIFTING CHECK 

 

 After site visit, noted that site access for crane only possible on the pavement beside the 

pool and also the access road leading to existing hostel beside the swimming pool. And the width of 

pool side pavement is 6.5m width of 250mm thick concrete slab, and so bigger tonnage crane  are 

not possible to be used at site. And so not possible to erection the trusses in one single lift. 

 

 

                 

 

        

 

 

 

 

 

 

 

 

 

Due to these site access constrain, and preferably no welding work on site, proposed to use 

35 ton hydraulic mobile crane. As such the 3D curved truss of approximately 68m span have to be 

fabricated in 4 segment to enable lifting by 35 tons crane and flange jointed to ensure the 

structural integrity and continuity of the trusses.   

 

 The truss is then subdivided further to 4t to 5t each so that they are possible to be lifted by 

the crane. And it is preferred  that they are exactly oriented in final position when lifted and placed 

in position, so the center of gravity of these segment truss and correct length of lifting sling is 

important to the erector.  

 

The Cog of these segmented truss is calculated with StaadPro software. 

 

In the preliminary study of erection method, possibility of lifting truss segment 1 and 

segment 2 together from the rear access is also checked to minimize connection in the high air. But 

this option was not used at site later. It is attached for information. 

 

 

 

 

 

 

 

 

 

 

 

CRANE ACCESS BESIDE EXISTING HOSTEL 
BLOCK AT REAR OF SITE 

CRANE ACCESS BESIDE POOL 
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9.2  ERECTION SEQUENCE 

 

 The steel frame erection sequence is briefly describe below, a detail illustration of the erection 

process is refers to attachment in the appendix. 

 

The erection will starts from gridline X1 near to Score Board and progressively to gridline X6. 

 

1) Firstly lift the lower column with base stump into correct position. 

2) Then tie up at least 2 lower mast with the horizontal brace and cross bracing. 

3) Then put in position Segment 1 truss on top and bolt up the flange joint. 

4) With Segment 1 truss, the lower backstay can be fix up. 

5) The step 1 to 4 can be repeated to the other side as well. 

6) Then the upper mast with backstay and front hanger is connected placed on top 

7) Then using 2 crane to lift the Segment 2 truss and also bolt the front hanger to stabilized the 

partly erected frame. 

8) And a truss is completed when the opposite side Segment truss 3 is lifted and connected. 

9) The same process will repeat for the second truss. 

10)  When the two truss are done, the 3 nos of curve tie beam can then be bolted on. 

11)  Same process repeat for the remaining truss until gridline X6. 

12)  Then the 2 end cap frame is erect with all its brace member until complete. 

13)  The 2 end front  hanger is then bolted on. 

14)  Now the main structure is completed, the cross cable at the upper mast can then be install. 

15)  The catwalk hanging cage and walkway frame is then bolt on to the main roof structure. 

16)  So the roof is now ready to take on the fabric installation. 

       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

10. MEMBRANE INSTALLATION 

 

10.1  MEMBRANE HANDLING  

 

For lifting of fabric to the right level for installation, a temporary platform is proposed to be 

hung in-between 2 nos of 3D truss of 16.5m apart. This 3D platform is 18m in length, 2.4m width 

and 1.05m depth.  It has to be lighted weight so not to impose too much load on to the steel 

structures. It is designed to be less than 2 tons and mainly welded from  rectangular, square hollow 

section and angles. 

 

4 nos of lifting padeye is provided at 4 corner, and 12mm thick plywood is fixed on top the 

platform. The platform will be placed slightly off center of the truss to avoid the center tie member , 

and it will be opened up at the center with the help of a crane with a spreader beam of as long as 

the width of the membrane 14m to one side and then to other side.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TEMPORARY PLATFORM 
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10.2 MEMBRANE TENSIONING 

 

 For installation of the membrane, some in-house tools are used. There are two type of 

tensioning tools used in this project; one for the warp and the other for the weft direction. 

 

 

 

10.3  ERECTION SEQUENCE 

 

The membrane installation is starting from grid X1 outward to grid X6. The sequence is 

briefly description as follow; 

 

1) Firstly lift the temporary platform to just underneath the 3D truss and then secured at four 

corner to the bottom chord of truss. 

2) Then lift the fabric with a spreader beam and place it on to top of the platform. 

3) After that, fix the nylon ropes at a constant distance of about 1.5m across the truss. And do 

all necessary preparation for securing fabric.  

4) Then secure 2 corners of the fabric to the spreader beam and lift up slowly by crane. 

5) As the fabric is slowly lifted up and move outward, the edge of the fabric is temporary secure 

with the warp tensioning tools.  

6) So this process will continue until the fabric reaches the end of truss. 

7) After all necessary temporary securing is done, the crane can release the fabric. 

8) The same process will repeat for the other side of the fabric. 

9) The remaining work is then time consuming and it will progress slowly to tension the warp 

and weft of the fabric. 

10) The same sequence is repeated for internal panel 2 and until panel 5. 

11) After all internal fabric is installed, then proceed for preparation work for edge fabric. 

12) The erection process of the edge panel  is similar to the internal fabric. 

13) After all the fabric are installed, the tensioning and fixing of clamping edge work is still in 

progress until they are all fully tension and clamped. 

14)    A fully illustration of the sequence can refers to photo images in the Appendix. 
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11.1  WORK PROGRAMME 
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11.4  PHOTO IMAGES OF STEEL WORK 
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11.7 AERIAL VIEW PHASE 1 COMPLETION 

 

11.8 AERIAL VIEW PHASE 2 COMPLETION – IMPRESSION 
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11.10 PHOTO IMAGES DURING THE GAMES 

 

11.11 BIAXIAL TEST REPORT 
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11.1  WORK PROGRAMME 
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11.2  ENGINEERING DRAWINGS 
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11.3  ERECTION SEQUENCE 



74 

 

Tensile Structure for Indera Mahkota Aquatic Center, Kuantan, 15TH MALAYSIA GAMES           TAN SIEW MOI             Institute for Membrane and Shell  Technologies                    Anhalt University of Applied Sciences, Dessau 

 

 

ERECTIONSEQUENCE 
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ERECTIONSEQUENCE 
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ERECTIONSEQUENCE 
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ERECTIONSEQUENCE 
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ERECTIONSEQUENCE 
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 ERECTIONSEQUENCE 
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ERECTIONSEQUENCE 
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11.4  PHOTO IMAGES OF STEEL WORK 
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PHOTO IMAGES – STEEL WORKS (1 OF 6) 

TRUSS FABRICATION TRUSS FABRICATION TAPAH FACTORY, MALAYSIA 

COLUMN FLANGE COLUMN BASE TRUSS WITH COLUMN 

WELDING WORK CLAMPING PLATE CLAMPING PLATE TRUSS FABRICATION 

TRUSS & COLUMN FABRICATION 

TAPAH FACTORY, MALAYSIA 
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COLUMN STORAGE UNLOADING OF COLUMN COLUMN DELIVERY PAINTED COLUMN 

WELDING PREPARATION FOR COLUMN 

PHOTO IMAGES – STEEL WORKS (2 OF 6) 

ROLLED & WELDED COLUMN TRUSS DIAGONALS TRUSS FLANGE JOINT 

PAINTED TIE PAINTED TRUSS AFTER SANDBLASTING BEFORE SANDBLASTING 
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TRUSS STORAGE AT SITE 

PHOTO IMAGES – STEEL WORKS (3 OF 6) 

TRUSS STORAGE UNLOADING OF TRUSS TRUSS DELIVERY 

COLUMN BASE ERECT LOWER COLUMN COMPLETED STUMP INSTALL HD BOLT 

ERECTED COLUMN TIE ERECT COLUMN TIE ERECT COLUMN TIE ERECT LOWER COLUMN 
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PHOTO IMAGES – STEEL WORKS (4 OF 6) 

ERECT 4/4 TRUSS @ X1 

 
ERECT 2/4 TRUSS @ X1 

 
ERECT UPPER COLUMN 

ERECT 3/4 TRUSS @ X1 

 
ERECT 2/4 TRUSS @ X2 

 
ERECT 3/4 TRUSS @ X2 

 

ERECTING TRUSS @ X3 ERECTED TRUSS @ X3 

 
ERECTING TRUSS @ X4 

 
ERECTED TRUSS @ X2 

 

ERECT UPPER COLUMN 

 

ERECT 1/4 TRUSS @ X1 
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PHOTO IMAGES – STEEL WORKS (5 OF 6) 

ERECTING CATWALK 
 

ERECTED TRUSS @ X6 
 

ERECTING TRUSS @ X5 

 

TRUSS FLANGE & TIE JOINT 
 

FRONTSTAY CONNECTION 
 

COLUMN TOP CONNECTION 

TRUSS END CONNECTION COLUMN BASE COLUMN BRACING CONNECTION COLUMN FLANGE JOINT 

TRUSS FLANGE CONNECTION 
 

ERECTED TRUSS @ X4 
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PHOTO IMAGES – STEEL WORKS (6 OF 6) 

ERECTED TRUSS @ X4 ERECTED TRUSS @ X3 ERECTED TRUSS @ X2 
 

ERECTED TRUSS @ X6 CATWALK IN PROGRESS COMPLETED CATWALK ERECTED TRUSS @ X5 

ERECTED TRUSS @ X1 
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11.5  PHOTO IMAGES OF FABRIC WORK 
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PHOTO IMAGES – FABRIC WORKS (1 OF 6) 

FABRIC PACKING TRANSPORT TO TAPAH FABRIC DELIVERY 

FEP DELIVERY FEP MATERIAL NEOPRENE 

STABILISING CABLE FORK END COMALONG 28Ø BORDER CABLE 

FABRIC INSPECTION 

VERSEIDAG FABRIC IN SINGAPORE 
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PHOTO IMAGES – FABRIC WORKS (2 OF 6) 

TEMPERATURE CONTROL TACKING TACKING 

SEAMING TEMPERATURE CONTROL 

 
INTERNAL PANEL 

TRIAL FIT EDGE CABLE CORNER PREPARATION CORNER PREPARATION 

 
EDGE PANEL WITH POCKET 

COOLING 

FIXED EDGE PREPARATION 
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PHOTO IMAGES – FABRIC WORKS (3 OF 6) 

RATCHET PULLER CLAMPING TOOL (WEFT) CLAMPING TOOL (WARP) 

FABRIC PANEL AT SITE FABRIC ERECTION PLATFORM 

 
FIX PLATFORM 

1
ST

 PANEL ON PLATFORM FIXING HOLDING ROPES OPENING FABRIC TO Y2 

 
LIFTING 1

ST
 FABRIC PANEL 

TENSIONING ANGLE 

PREPARE TENSIONING TOOL 
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PHOTO IMAGES – FABRIC WORKS (4 OF 6) 

1
ST

 FABRIC PANEL INSTALLED OPENING FABRIC TO Y1 

 
OPENING FABRIC TO Y1 

 

OPENING FABRIC TO Y1 

 
OPENING FABRIC TO Y1 

 
OPENING FABRIC TO Y1 

 

3
RD

 FABRIC PANEL INSTALLED 

 
4

TH
 FABRIC PANEL INSTALLED 

 
5

TH
 FABRIC PANEL INSTALLED 

 
2

ND
 FABRIC PANEL INSTALLED 

 

INSTALLING 2
ND

 FABRIC PANEL 

OPENING FABRIC TO Y2 
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PHOTO IMAGES – FABRIC WORKS (5 OF 6) 

WEFT TENSIONING 

 
FABRIC TENSIONING 

 
FABRIC TENSIONING 

 

WARP TENSIONING 

 
WARP TENSIONING 

 
FABRIC TENSIONING 

 

FABRIC TENSIONING 

 
WARP TENSIONING 

 
WARP TENSIONING 

 
WARP TENSIONING 

 

WARP TENSIONING 

 

FABRIC TENSIONING 
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PHOTO IMAGES – FABRIC WORKS (6 OF 6) 

EDGE FIXED TIE BEAM CLEARANCE FIXING FASTENER 

 

WEFT TENSIONING AT CORNER FIXED EDGE FIXED EDGE 

 

CORNER PLATE 

 
CORNER PLATE 

 
CABLE EDGE CORNER PLATE 

CORNER PLATE 

FIXING FASTENER 
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11.6  PHOTO IMAGES OF COMPARISON BEFORE & AFTER ERECTION 



                  96 
 

 

Tensile Structure for Indera Mahkota Aquatic Center, Kuantan, 15TH MALAYSIA GAMES           TAN SIEW MOI            Institute for Membrane and Shell Technologies                       Anhalt University of Applied Sciences, Dessau 

PHOTO IMAGE COMPARISON BEFORE & AFTER ERECTION 



                  97 
 

 

Tensile Structure for Indera Mahkota Aquatic Center, Kuantan, 15TH MALAYSIA GAMES           TAN SIEW MOI            Institute for Membrane and Shell Technologies                       Anhalt University of Applied Sciences, Dessau 

 

PHOTO IMAGE COMPARISON BEFORE & AFTER ERECTION 



98 
 

Tensile Structure for Indera Mahkota Aquatic Center, Kuantan, 15TH MALAYSIA GAMES            TAN SIEW MOI                 Institute for Membrane and Shell Technologies                             Anhalt University of Applied Sciences 

 

 
  

11.7  AERIAL VIEW PHASE1 COMPLETION 
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PROPOSED TENSILE FABRIC ROOF SYSTEM AT KOMPLEKS KOLAM RENANG, WISMA BELIA INDERA MAHKOTA, KUANTAN, PAHANG DARUL MAKMUR, MALAYSIA 

 

AERIAL VIEW – PHASE 1 COMPLETION 

INTERNAL VIEW 

HANDOVER CEREMONY 
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11.8  AERIAL VIEW PHASE2 COMPLETION - IMPRESSION 
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PROPOSED TENSILE FABRIC ROOF SYSTEM AT KOMPLEKS KOLAM RENANG, WISMA BELIA INDERA MAHKOTA, KUANTAN, PAHANG DARUL MAKMUR, MALAYSIA 

 

AERIAL VIEW – PHASE 2 COMPLETION - IMPRESSION 

 

INTERNAL VIEW 
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11.9  NEWSPAPER ARTICLES BEFORE THE GAMES 
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NEWSPAPER ARTICLES – BEFORE THE GAMES 
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11.10  PHOTO IMAGES DURING THE GAMES 
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PHOTO IMAGES – DURING THE GAMES 
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11.11  BIAXIAL TEST REPORT 
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11.12  DESIGN CALCULATION 
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