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Introduction
A diagrid structure is a hybrid and modern type of building with a diagrid structural system that has the potential to address most of the challenges encountered in the structural design of a high-rise building. It has been studied in recent years to answer the challenges in the development of design and construction of high rise buildings. The diagrid structure not only shows advancement in structural design but also normally serves as a landmark of a developed city. 
A few  comparative studies of the conventional moment-resisting frame structure and the diagrid structure have been conducted by several researchers mostly focused on the effectiveness, practicality and methodology of the system. In the study conducted by Saket Yadav and Dr. Vivek Garg in 2015 entitled "Advantage of Steel Diagrid Building Over Conventional Building", the structural response of a conventional building and a diagrid building were investigated to evaluate the structural benefits of a diagrid system. A regular G+15 storey steel building with a plan size of 18 m x 18 m was analysed and designed using a STAAD Pro. Software as per Indian code provisions. The study reveals that the diagrid system significantly decreases the shear force and bending moments in internal beams and columns thereby reducing their sectional requirements, which resulted in an overall economy of nearly 12% in the diagrid building compared to the conventional building. The "Analysis and Design of Diagrid Structural System for High Rise Steel" by Khushbu Jani & Paresh V. Patel in 2013 discussed in detail how a 36-storey diagrid structure was designed using ETABS software considering all critical load combination. A similar design procedure was carried out for 50, 60, 70 and 80-storey diagrid structures using ETABS software based on Indian Standard, and the results were presented for comparison of behaviour of structures in terms of time period, top storey displacement and inter-storey drift. In this study, it was indicated that the diagrid system saves approximately 20 percent of the structural steel weight when compared to a conventional moment-frame structure. It is also noted that the inetrior columns resist gravity loads and the diagonal grids resisted the lateral loads. The " Diagrid Structures for Complex-Shaped Tall Buildings" by Kyoung Sun Moon in 2011  presented the structural performance and constructability issues of diagrid structures employed for complex-shaped tall buildings such as twisted, tilted and freeform towers. In this study, it was mentioned that the unique compositional characteristics of diagrids provide great structural efficiency and aesthetic potential as an accentuating element in any existing urban context generally composed of buildings of orthogonal components. However, with the abundant emergence of complex-shaped tall buildings all over the world, more studies on their potential structural systems and multidisciplinary collaboration are very much required to build environments of higher performance. The "Geometrical patterns for diagrid buildings: Exploring alternative design strategies from the structural point of view" by Giovanni Maria Montouri, Elena Mele, Giuseppe Brandonisio & Antonello De Luca in 2014 narrates the evolution of diagrid structures in architectural and engineering point of view. A structural analyses and performance assessment were carried out and results were presented for 3 different schemes: regular diagrid, variable angle diagrid and variable density diagrid. The structural assessment of the 3 diagrid solutions has shown that several patterns can be considered equally efficient and all exhibit similar values of structural weight and of building top drift, suggesting that different geometrical arrangements of diagonal members designed for the same stiffness and strength requirements give rise to similar values of global material consumption. 

Specific studies on the joint connections of diagrid structures have also been conducted such as The "Behavior of concrete-filled steel tubular planar intersecting connections under axial compression, Part 1: Experimental study" by Chao Huang, Xiao-lei Han, Jing Ji & Jia-min Tang in 2010. In this study, experimental investigation was conducted to observe failure mode of connections, obtain bearing capacity of the connection under axial loads, investigate the strain distribution of the steel tube, the axial deformation of the diagrid, lateral deflection of the specimen and to evaluate the effectiveness of the connections. Results of the experiments were discussed to know where the mode of failure may occur. It was learned that a much better connection will require a stronger section to carry the loads transferred by the connection. A similar study was also presented in "Experimental investigation of web-continuous diagrid nodes under cyclic load" by In Yong Jung, Young Ju Kim, Young K. Ju, Sang-Dae Kim , & Myeong-Han Kimin in 2014 that focused on the design details that affects the mode of failure of a diagrid structure, welding method and design detail that does not affect initial stiffness and yield strength of a structural member. Partial penetration welding at the V-point brittle fracture is one of the highlight of this study. It was found out based on the study that web-continuous type is stronger and more ductile. 
Many distinct advantages of the diagrid structure have been enumerated in the previous studies as discussed above such as its flexibility in space planning, cost efficiency due to the significant size reductions, and highly efficient gravity and lateral loads resistance resulting to minimal lateral deformation. However, most of the studies conducted were done in non-seismically active countries in the world and none has mentioned the effectiveness of a diagrid structure to a seismic-prone country like the Philippines. Thus, this study aims to investigate if a diagrid structure is applicable to a seismic-prone country specifically the Philippines.  

Methodology
Research Design
In this quantitative study, the structural performance of a diagrid structure and a conventional moment-resisting frame structure will be investigated to determine the structural benefits of a diagrid system. A regular G+15 storey steel building with a plan size of 18 m x 18 m, using the provisions of the National Structural Code of the Philippines (NSCP), will be analysed and will be designed using a STAAD Pro. software considering a diagrid structural system and a conventional moment-resisting frame structural system. The results will then be compared in terms of structural performance and cost-effectiveness of the design to determine the structural advantages of the diagrid structure.
The methodology to be employed will be presented in this section, which will be organized into four sections: (a) Sources of Data, (b) Instrumentation, (c) Data Collection, and (d) Data Analysis.
Sources of Data 
The design parameters and loadings, including seismic design forces to be used in the study will be based on the prevailing National Structural Code of the Philippines (NSCP) Vol. 1, 6th edition 2010 provision for earthquake resistant design of structures. 

All structural member sizes to be used in the design of the structures will be based on the commercially available standard steel sections as listed in the ASEP Steel Handbook.

The geometric parameters of the conventional moment-resisting frame structure and diagrid structure to be used in the study are shown in Table 1 below. 
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The isometric view, plan and section of the conventional and diagrid buildings are shown in Figure 1 to Figure 3.

[image: image1.png]Table — 1: Geometric Parameters of Conventional and Diagrid Building

S No. Description DataValues
1 Number of Storey G+15
2 Plan Size 18mx 18m
3 Storey Height 3.0m
4 Number of Bays along X and Z direction 3
5 Length of each bay 6m
6 Dead Load:
a) Floor load 3.4 KNm?
b) Wall Interior 2.11 kN/m™
(1) Parapet wall 3276 kN/m
7 Live Load:
a) Atsoof and Residential Areas 1.9kN/m®
b) Parking and Commercial Areas 2.4 KN/m®
8 Seismic Zone as perNSCP Vol. 1, 6th edition 2014V
9 Response Reducton Factor 3
10 e Factor 1
11 Soil Type Hard
12 Structure Type Steel frame
13 Diagrid Angle 63.43°
14 Diagnid Module 4
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Fig - 2: Plan of Conventional/ Diagrid building
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[image: image4.png]Table - 2: Load Case Details

LOAD CASE NO. LOAD CASE DETAILS
1 EQ INXDR.

2 EQ.IN-XDIR.

3 EQINZDR

4 EQ IN-ZDIR.

5 DEAD LOAD

13 LIVE LOAD

7 1.5(DL+LL)

8 1.2(DL+LL+EQX)
9 1.2(DL+LL-EQX)
10 1.2(DL+LL+EQZ)
11 1.2(DL+LL-EQZ)
12 1.5(DL+EQX)

13 1.5(DL-EQX)

14 1.5(DL+EQZ)

15 1.5(DL-EQZ)

16 0.9DL+1.5EQX
17 09DL-1.5EQX

18 09DL+1.5EQZ

19 0.9DL-1.5EQZ





Instrumentation

A regular G+15 storey steel building with a plan size of 18 m x 18 m will be analysed and will be designed using a STAAD Pro. software considering a diagrid structural system and a conventional moment-resisting frame structural system. 
The STAAD Pro. software, a finite element based software, is a structural analysis and design computer program originally developed by Research Engineers International at Yorba Linda, CA in 1997, and in late 2005 was bought by Bentley Systems. It is one of the most widely used structural analysis and design software products worldwide and supports several steel, concrete and timber design codes internationally. It is also widely used in the Philippines and is adaptable to the local codes in the Philippines.
Data Collection
Using the geometric parameters shown in Table 1,  load case details shown in Table 2, and the corresponding isometric view, plan and section of the conventional and diagrid buildings shown in Figure 1 to Figure 3, the deflections at various floors of the conventional moment-resisting frame structure and the diagrid structure will be obtained. These results will then be compared to determine which structural system has a better performance when subjected to seismic loads.

The total steel weights of the conventional moment-resisting frame structure and the diagrid structure will then be obtained and will be compared to determine which structural system is more economical in terms of design.

Data Analysis
A three-dimensional space frame computer models of the conventional moment-resisting frame structure and diagrid structure will be performed to determine the spatial behaviour of each structural element. The buildings will be idealized as an assemblage of column and beam elements interconnected by a horizontal rigid floor diaphragm. The three-dimensional computer models enable full interaction between directly loaded elements and those elements in the vicinity, which greatly assists in load distribution. These models mathematically will represent the actual behaviour of the structures when required loads are applied. Structural analysis will be carried out to determine the behaviour of the structures and to check on the structures’ deflections. Stresses for each structural members will be obtained and the design for the member sizes of each structural members will be determined for both the conventional and diagrid buildings. 

The structural analysis will consider the design of the conventional and diagrid structures in different loading conditions using 9 service load cases and 9 ultimate load combinations. Dead loads, live loads and seismic loads will be based from the provisions of the local governing code, National Structural Code of the Philippines (Vol. 1, 6th ed., 2010). The primary load cases and load combinations to be considered in the analysis are shown in Table 2 above.
A comparison of analysis results between the conventional and diagrid structures will be made to evaluate the structural advantages of a diagrid structure. This will include comparing  the deflections at various floors of both buildings. Finally, the total steel weights of both buildings in terms of economy in the design will be compared.
Results of the Pilot Study
[image: image5.png](a) Conventional building (b) Diagrid building

Fig — 1: Tsometric view of Conventional building and Diagrid building



Based from the structural analysis performed using the data provided for the study, the resulting deflections at various floors for both the conventional structure and the diagrid structure are shown in Figures 3 and 4 respectively. A comparison of the resulting deflections at various floors for both the conventional structure and the diagrid structure are shown in Figure 5.
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Figure 5 suggests that the conventional structure had a maximum deflection of 120mm at the top of the building while the diagrid structure only had a maximum deflection of 15mm at the top of the building. Thus, the diagrid structure tends to show significantly less deflection than the conventional structure. 
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After performing the design of the member sizes and computing for the steel weight for both the conventional structure and the diagrid structure, the resulting total steel weights are shown in Figure 5.

The results indicate that the diagrid structure has a total steel weight of 261,143.93kgs while the conventional structure has a total steel weight of 289,096.64 kgs. Thus, the diagrid structure tends to show a 9.7% decrease in total steel weight than the conventional structure.
CONCLUSION
The following are drawn from the results of the study and evaluation undertaken:
· Similar to the previous studies conducted, the diagrid structure indicates a significantly less deflection than a conventional structure and thus has more resistance to lateral forces; and 

· As revealed in the previous studies conducted, the total steel weight of the diagrid structure tends to show 9.7% less than the conventional structure.
Thus, it can be concluded that the diagrid structure shows a favorable structural performance and is a more cost effective structural system compared to a conventional structure in a seismic-prone country like the Philippines.
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