
LPU-Laguna Journal of Engineering and Computer Studies 

Vol. 4 No. 2 October 2019 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

13 

Center for Research, Publication, and Intellectual Property 

LPU-Laguna 

Design and Implementation of the Proposed 

Four-Storey High School Building in Lyceum of 

the Philippines ‒ Laguna Using Leadership in 

Energy and Environmental Design (LEED) 
Glenn Christopher J. Lambino1, Rica Mel L. Linatoc2, James Matthew P. Lumbres3, and Ricardo M. 

Bobadilla4 

1glennchristopherlambino@gmail.com, 2ranlinatoc@gmail.com, 3jamesmatthewlumbres@gmail.com  

Lyceum of the Philippines – Laguna, Philippines 

 

Abstract—Availability of classrooms is one of 

the major problems arising in schools today 

because of the implementation of the K-12 that 

resulted to the rapid growth of student 

populations in schools. In this project, the 

group of Civil Engineering students were given 

the opportunity by the administration of 

Lyceum of the Philippines ‒ Laguna to provide 

the design of the four-storey high school 

building. The project will decongest the 

classrooms of the main private school building 

and will provide a convenient learning facility 

for the high school students and teachers. As an 

innovation, the group used the requirements of 

the Leadership in Energy and Environmental 

Design (LEED) 2009 for Schools’ New 

Construction and Major Renovations to be eco-

friendly and to have a better market among the 

competitors in the region as well. The special 

functions of the building are a podium, roof 

deck, and a mezzanine. The building is wind 

and earthquake resistant. The design will be 

utilized in computer softwares such as STAAD 

v8i and STAAD RCDC. The total cost of the 

project is said to be roughly around Php 150, 

945, 345.97. 
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INTRODUCTION 

 

Building construction became one of the 

largest industries today because of the growth of 

the economy linked to the rapid urbanization of 

the world. Since the 20th century, building 

construction has greatly evolved and still 

continues to innovate. 

School building construction may face 

various problems in different aspects that need a 

wide range of construction knowledge, skills, 

and techniques. Different schools from different 

countries differ in design and construction 

approach depending on its climate, culture, and 

beliefs. These kinds of problems are the same 

with some schools in the Philippines. Since 

frequent earthquakes also occur, restoration of 

structures that are damaged is another dilemma. 

The biggest problem of schools in the 

Philippines today, according to one of the 

articles of Sunstar Bacolod, are the overcrowded 

classrooms because of the implementation of K-

12 [34]. This problem arises most especially in 

public schools where some have classes in 

places like gymnasiums, fields, and even under a 

tree. Some schools also instigated night shift 

classes in order to accommodate their students. 

Due to the implementation of K–12, 

colleges and universities, specifically LPU–

Laguna, does not have much enrollees for the 1st 

and 2nd year levels during this school year. In 

2022, Grade 12 students will reach their 5th year 

in college, if they enrolled in the Engineering 

program, then the five years of college will be 

complete with enrollees. The LPU–Laguna 

Marketing Committee expects to accommodate 

4,000 students during this time. 

This is the anticipated number of enrollees 

for the High School Department in the five-year 

study of the LPU–Laguna Marketing 
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Committee. In 2022, Junior High School will 

have 814 enrollees and Senior High School will 

have 1,629 enrollees for a total of 2,443 

enrollees. 

Since the existing buildings of LPU–Laguna 

is intended to cater college students only, the 

anticipated 2,443 students might pose a severe 

problem in classroom accommodation. 

Before this big problem of insufficiency of 

classrooms occurs, LPU-Laguna planned to 

construct a four-storey high school building in 

the campus in 2020 that will be designed by the 

researchers. This initiative will not only help the 

researchers for their requirements in course on 

building, but will also help the institution 

economically by providing LEED certified plans 

that will be used in future implementations. This 

will also strengthen the student-administration 

relationship in the campus by applying the core 

values of LPU-Laguna, efforts of administration, 

and knowledge of the researchers. 

 

Conceptual framework 

The design project will be gathering data 

from LPU-Laguna through the Administration 

Office. Other data such as soil conditions and 

functional requirements will be based on past 

building constructions in LPU-Laguna. 

After all the data needed were collected, 

they served as input in the structural analysis 

and design computer program called 

STAAD.Pro. This analyzed the design and 

provided details that completed the structural 

and architectural plan. From these designs, the 

researchers drafted the bill of materials and 

Gantt chart.  

 

 
Figure 1. Research paradigm 

 

Objectives of the study 

The main objective of this study is to 

propose a structural, architectural, plumbing, 

and fireproofing design for a four-storey high 

school building in LPU-Laguna using 

Leadership in Energy and Environmental Design 

(LEED) 2009 for Schools’ New Constructions 

and Major Renovations Requirements. 

Specifically, the study aims to: 

1. Plan the complete structural design of a 

four-storey building with emphasis on the design 

of the following parameters: footings, columns, 

beams, floor slabs, and roofing; 

2. Design the structural integrity of the 

building design based on the aforementioned 

parameters; and 

3. Estimate the materials, labor, and other 

costs to be incurred in the completion of the 

design project. 

 

METHODOLOGY 

 

To provide the structural, architectural, 

fireproofing, and plumbing of the proposed four-

storey high school building, the researchers 

applied developmental type of study. 

Developmental research is used to measure the 

variations in a period of time [26]. From when 

the buildings that are being constructed do not 

follow a set of standards up to now, where the 

buildings that are being constructed are aiming 

to be accredited by different prestige 

organizations such as LEED. These show that 

the study described the appropriate actions in 

response to the proposed design stated with the 

aid of engineering processes. 

First, a visit with one of the administrators 

of LPU–Laguna was conducted so as to gain 

permission for the precedence of the study. 

More specifically, the researchers asked about 

the existence of the architectural plan of the 

proposed building. Then, the researchers 

consulted their Course Adviser about the plan of 

preceding the study. 

As the researchers came up with the idea of 

designing the structure in accordance with the 

requirements of LEED 2009 for Schools’ New 

Constructions and Major Renovations, the 

researchers sought advice from an engineer in a 

construction company who applies the 

requirements of LEED. Here, guidelines and 
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references for the consideration of LEED 2009 

for Schools’ New Constructions and Major 

Renovations were gathered and applied during 

the design process of the said proposed building. 

Next, based on the architectural plan of the 

proposed building and its physical 

characteristics such as topography, functional 

requirements, soil conditions, hydrology, 

temperature ranges, environment, and locality, 

the loads have been identified. All these data 

were analyzed by the Staad.Pro and Staad 

RCDC. 

From these data, general construction notes 

and schedule of foundations, girders, beams, 

columns, and shear walls were formulated. Then, 

fireproofing plans and plumbing plans have been 

designed. After completing all the plumbing, 

fireproofing, architectural, and structural members’ 

details, the researchers came up with the estimate 

of the construction cost and conceptualized a Gantt 

Chart of activities. 

The perceptive approach on designing the 

structure was conditioned during the meeting 

with the Technical Adviser of the researchers. 

The designing of the whole structure has 

been based on the National Building Code of the 

Philippines, National Structural Code of the 

Philippines 2015, and LEED 2009 for Schools’ 

New Constructions and Major Renovations to 

provide minimum requirements for the design of 

the building. Guidelines in order to secure the 

stability of the building were collected including 

the design of construction and quality of 

materials. 

In this project, the researchers used LEED 

as their innovative approach. They proposed the 

projected cost and benefit of applying LEED in 

a conventional building construction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Cost-benefit analysis of 

applying LEED in the project 

 

The project was limited by some constraints. 

These limitations were founded through the 

assigned site to the proponents and the resources 

available. 

In the design procedure, the researchers used 

only the following computer aid engineering 

softwares: STAAD.Pro, STAAD RCDC, 

AutoCAD, and MS Excel. This limits the 

structural integrity of the building and its 

sustainability as a structure. 

The study commenced in the first week of 

the month of August and finished in the third 

week of the of December during the 1st 

Semester of Academic Year 2017-2018. This 

limits the time to gather quotations from 

different hard wares and compare it to choose 

the most economical construction supplies to be 

used for the project. 
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RESULTS AND DISCUSSION 

 

LEED 

 

Table 2. Summary of LEED 

achievements 
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NBCP 

 

Table 3. Summary of NBCP met 

requirements 

 
 

NSCP 

 

Dead loads 

In accordance with Section 204 of the 

National Structural Code of the Philippines 

2015, dead load consists of all the material’s 

weight and fixed equipment in the building. The 

dead loads are computed based on the values 

listed (Minimum Design Dead Loads) in NSCP 

2015. These loads were utilized as inputs in 

STAAD v8i. 

 

 

 

 

 

 

 

 

 

 

 

Table 4. Dead loads considered 
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Live loads 

In accordance with Section 205 of the 

National Structural Code of the Philippines 

2015, live load depends on the intended use or 

occupancy of the building. In this chapter, the 

live loads are computed based on the values 

listed (Minimum Design Dead Loads) in NSCP 

2015. These loads were utilized as inputs in 

STAAD v8i. 

 

Table 5. Live loads considered 

 
 

Wind loads 

In accordance with the Section 207 of the 

National Structural Code of the Philippines 

2015, wind load depends on the location of the 

site. These loads were utilized as inputs in 

STAAD v8i. 

 

Table 6. Wind loads parameters 

 
 

Seismic loads 

In accordance with the Section 208 of the 

National Structural Code of the Philippines 

2015, seismic load depends on the location of 

the site. These loads were utilized as inputs in 

STAAD v8i. 

 

Table 7. Seismic loads parameters 

 
 

Factored loads 

As defined in NSCP 2015 Section 203.3.1, 

where the load and resistance factor are used, 

structures and all portions thereof shall resist the 

most critical effects from the following 

combinations of factored loads: 

 

1. U = 1.2D + 1.6L Where: 

2. U = 1.2D + 0.5L + 1.6Wx D=Dead Load 

3. U = 1.2D + 0.5L + 1.6Wz L=Live Load 

4. U = 1.2D + 0.5L + 1.6Ex W=Wind Load 

5. U = 1.2D + 0.5L + 1.6Ez E=Earthquake 

Load 

 

Structural design 

 

STAAD framing plan 

Frames that were designed in AutoCAD 

were transferred to STAAD v8i for analysis. 

These frames were then given properties and 

applied by loads. 

 

 
Figure 2. STAAD Framing Plan 
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Figure 3. STAAD 3D Framing Plan 

 

Footing design 

Since the site is LPU-Laguna, 120kPa for 

the soil bearing capacity and 20mm for the 

settlement was used. These values were based 

on the study of Marlou Malabuyoc [17]. Just like 

what Braja Das said, footings are spread footing 

since foundations are shallow. [3] 

 

 

Column design 

Since longitudinal bars are braced with a 

series of closed ties, tied columns are used in 

this project based on Guillesania.[22] 

 

Beam and girder design 

Using the STAAD v8i and STAAD RCDC, 

the design and analysis of beams and girders 

were computed. 

 

Slab and stair design 

To be more conservative with the design of 

stairs, the stairs were treated as slabs just like in 

the design project of Balinay, et al. in LPU-

Cavite.[9] 

 

CONCLUSION 

 

The aim of the design project is to be able to 

design a structure for the proposed four-storey 

high school building with a roof deck located at 

Lyceum of the Philippines ‒ Laguna in Brgy. 

Makiling, Calamba, Laguna. The researchers 

were able to come up with the design using 

STAAD v8i and STAAD RCDC for the 

structural members such as footings, columns, 

beams, girders, and slabs. For Gantt Chart and 

estimates, MS Excel was used. 

The design of the project comprises the 

minimum requirements of the National Building 

Code of the Philippines and the National 

Structural Code of the Philippines 2015. The 

building is designed to be structurally safe and 

eco-friendly but at a low cost. 

In addition, the building is not just 

structurally safe but energy and environment 

innovative as well by meeting the requirements 

of Leadership in Energy and Environmental 

Design for Schools’ New Construction and 

Major Renovations 2009. The building is 

qualified for LEED Accreditation for reaching 

40 points in their point system. 

Following LEED requirements, the building 

will conserve water consumption up to 40 

percent, prevent the reaction of 

chlorofluorocarbon in the atmosphere, and 

decrease electricity expenditure up to 35 percent. 

The total cost of the project is said to be 

roughly around Php 168,387,582.64 with a total 

estimated number of 160 construction days. 

 

RECOMMENDATION 

 

Based on the design project, the 

recommendations are hereby forwarded by the 

researchers: 

For future researchers, design the electrical 

plan of the building. Also, make a manual 

calculation for the footing design to come up 

with a better, uniform footings. 

For the LPU-Laguna administration, the 

beneficiary of the design project, the researchers 

recommend to conduct a traffic impact 

assessment in addressing transportation 

concerns. 

For the future general contractor of the 

building, use shear wall for stairs for better 

strength and stability. 

Finally, further studies should also be done 

to improve the function of the structure and to 

improve its overall potential for providing good 

service not only for humans, but nature as well. 
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