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Highlights

e Majority of civil engineering students will likely practice structural engineering thus the need
to make sure that they are capable of validating software result while understanding theory
and concept of Earthquake Engineering and Concrete Design.

e SMATH and MS Excel are free softwares that can be used for validating the result of Industry
Based softwares like STAAD and RCDC

e Online mode of learning for courses PCS1 and PCS2 are proven effective since these courses
requires engineering simulation softwares

Abstract

The new curriculum for K-12 graduates offers several professional courses in the final
year of study, as indicated on the curriculum map. Both earthquake engineering (PCS1) and
computer-based concrete building design (PCS2) are included in the BSCE curriculum at TUP
Manila in accordance with the 2017 CHED CMO-92 series requirements (18). These are main
courses for Structural Engineering specialization track of BSCE Program. Additionally, these
courses teaches students in creating building permit drawings and designing low-rise concrete
structures that take into account earthquake and gravity forces using industry-standard software
like STAAD and RCDC. As it influences the design and construction of low-rise concrete
buildings, earthquake consideration is crucial for a seismic country like the Philippines. To
further grasp the concept and how the commercial software functions, students are instructed to
validate software results using spreadsheets. This study examines the effectiveness of using free
and open source programs like SMATH and MS Excel to teach the first batch of TUP Manila
BSCE students in the new curriculum’s computer-based concrete building design (PCS1) and
earthquake engineering (PCS2) courses in an online mode of learning.

Key Words: earthquake engineering; student learning; STAAD; SMATH, concrete design, online
learning, COVID 19

1. Introduction

The new curriculum of BSCE Program was implemented AY 2018-2019 in compliance to CHED CMO-

92 series 2017(18). Figure 1 shows majority of Introductory and Enabling courses for the BSCE Curriculum
while Figure 2 below shows that PCS1 (Computer Based Concrete Design) and PCS2 (Earthquake
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Engineering) are considered Demonstrative subjects to the Program outcomes ”m” in Figure 3. That is,
these are required for structural engineering specialization track of BSCE Program in TUP Manila

Curriculum Map
Code Math: % c
MathEng1-M Calculus 1
MathEng2-M Calculus 2
hEng3-M___|Engineering Data Analysi
hEng4d-M Differential
MathEng5-M Numerical Solutions to CE Problems (Lec)

MathEng5L-M

Numerical Solutions to CE Problems (Lab)

Code

Natural/Physical

ChemEng-M

Chemistry for Engineers (Lec)

ChemEngL-M

Chemistry for Engineers (Lab)

PhysEng-M

Physics for Engineers (Lec)

PhysEngL-M

Physics for Engineers (Lab)

Geo-M

Geology for Engineers

[ BES11-M

Civil Engineering Orientation

BES12-M

Engineering Drawing and Plans

BES1-M

Computer-Aided Drafting

___cote _|professionslcouses-speciaized _ [uns| a | b | < | a | e t|g|nlil]

_Professional Course

Figure 1. Curriculum Map
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Civil gl in | Engi ing

PCS1-M (Computer Software in Structural Analysis 3
and Design)

PCS2-M Earthg gineering 3
Iy Dasigoof Building IS 1

PCS3-M Design of Towers and other Vertical 3
Structures)

PCS4-M Foundation and Retaining Wall Design 3

PCS5-M Plastic Analysis and Design of Steel 3

Figure 2. Professional Courses in Curriculum Map

Program Outcomes

By the time of graduation, the students of the program shall be able to:

An ability to apply knowledge of mathematics and science to solve
engineering problem.

b

Design and conduct experiments, as well as to analyze and interpret data;

Design a system, component, or process to meet desired needs within
realistic constraints, in accordance with standards;

d |Function in multidisciplinary and multi-cultural teams;

e |Identify, formulate, and solve complex civil engineering problems;

Understand professional and ethical responsibility;

Communicate effectively civil engineering activities with the engineering
community and with society at large;

Understand the impact of civil engineering solutions in a global, economic,
environmental, and societal context;

Recognize the need for, and engage in life-long learning;

Know contemporary issues;

Use techniques, skills, and modern engineering tools necessary for civil
engineering practice;

Know and understand engineering and management principles as a member

O ey £ [PEot PPy = "
P Y e

Understand at least one specialized field of civil engineering practice.

Figure 3. Program Outcomes for BSCE
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Since the COVID 19 pandemic prohibited students from attending classes, PCS1 and PCS2 courses
are taught online. Study by (Garcia-Alberti et al., 2021) noted the challenges of online education and
one of which is the unavailability of gadgets and slow internet connections for students especially those
with low income families. This paper recommends utilizing free and open source software like SMATH
and MS Excel in teaching PCS1 and PCS2 courses to avoid further burden to students of acquiring
otherwise expensive softwares.

Although STAAD and RCDC are commercial softwares, they are accesible to students using the
academic license of TUP Manila which is only effective for 1 year. To date however, the Bentley
Education subscription enables the students to use the commercial software for institutional use so long
as school emails are used. This paper also addressed the recommendation of (Ayadat et al., 2021) to use
efficient delivery of computer modeling or simulated based engineering tools in the conduct of online
learning during this pandemic. To evaluate the effectiveness of combining industry software with free
and open source software, an end of course evaluation survey is done.

Survey last year in Figure 4 and 5 show that most civil engineers are practicing structural engineering
and graduating students are likely to practice this specialization. And among the softwares available
as shown in Figure 6, STAAD is the most used industry based softwares for building analysis and
design. Thus, theres a need to make sure students can understand output of software and can validate
result.

CE Specialization

53 responses

@ Construction and Management

@ Structural Engineering
Geotechnical Engineering

@ Water Resources

@ Transportation Engineering

® Bridge

Figure 4. Specializations among CE Profession

For graduating students, what specialization in Civil Engineering do you intend to pursue
after graduation?

157 responses

@ Construction and Management

2 @ Structural Engineering
Geotechnical Engineering
@ Water Resources
— @ other

@® Academic Teaching

Figure 5. Specialization after graduation
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What commercial software did you use in design of structures?

53 responses

@® STAAD
@ ETABS
MIDAS
@ SAP2000
@ Not applicable
@ Autodesk Robot Structural Analysis
@ RAM Structural System
@ Manual

1722V

Figure 6. Commercial softwares used in the structural engineering specialization

(Ishack et al., 2021) used STAAD to do 3D response spectrum anaysis of reinforced concrete buildings
especially irregular buildings and study the seismic responses. (Markandeya Raju et al., 2021) created
mathematical model to determine natural frequency of prestressed concrete beam and compare with
non prestressed beam. According to (Ayadat et al., 2021) it still recommended to use general
mathematical software since it enhances the competencies included in engineering curriculum.

Many literatures have also shown using mathematical software like MS Excel in aid of teaching civil
engineering courses. (Bermudez et al., 2020) used MS Excel with industry software like EPANET to
enhance students understanding of basic concepts in numerical simulation in hydraulic engineering.
Responses of students in the survey have shown that these teaching learning strategy resulted in greater
participation of students and higher motivation for learning. (Navaee, 2003) utilized excel in solving
structural analysis problem and noted that it is better to use than commercial softwares since you can
quickly generate and analyze variety of problems easily during lecture.

MATHCAD and MATLAB are both another famous mathematical softwares were used in many literature
in teaching engineering courses. (Uziak & Gandure, 2015) compared analysis of spreadsheet and
MATLAB in beam bending calculation and noted that MATLAB is faster and has better user interface
than MS Excel spreadsheet. However, Mathcad and MATLAB are both expensive thus limiting the
use for students especially those in the low income family.

(Estrada & Lee, 2009) recommended the use of MS Excel and MATHCAD in earthquake engineering
courses to validate RISA 3D results because the latter does not give equivalent storey forces important
for student to verify how member forces are obtained. This paper will instead use STAAD and RCDC
both commercial software by Bentley Inc as an aid in teaching Earthquake engineering course and
computer based concrete design course.

(Gallardo-Pastor et al., 2021) have used SMATH inteaching thickening design for chemical engineering
students. SMATH is similar to MATHCAD and it is entirely free for personal and commercial use.

Moreover, no literatures yet have shown implementing SMATH in earthquake engineering and concrete
design courses for civil engineering education. This paper will show the effectiveness of using free and
open source software SMATH and MS Excel in teaching Computer Based Concrete Building Design
and Earthquake Engineering for the first batch of graduating BSCE students under new curriculum in an
online learning mode setup.
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Computer Based Concrete Building Design and Earthquake Engineering
Curriculum in BSCE Program

These two subjects PCS1 and PCS2 are offered to the first batch of graduating students under new
curriculum this AY 2021-2022 shown in Figure 7.

FOURTH YEAR - FIRST SEMESTER
PCES-M,

PCEI4-M Principles of Reinforced’ Prestressed Concrete, Lec 5 5 0 PCESD-M PCEI4D-M
”I"k'[ 14D-M Principles of Reinforced’ Prestressed Concrete, Des 1 0 3 PLESM, PCEI4-M
e e o PCESDM
PCEIS-M Principles of Transportation Engineering 3 3 0 PCE6-M None
S T " PCEIO-M, e
PCEI6M  Civil Engineering Project 1, Lec 1 I 0 PCEII-M, e
_peRisM PRI
PCEI0-M, :
PCE16D-M Civil Engineering Project 1, Des 1 0 3 PCELI-M, 'T;:: }:-::
PCEI3-M
PCEI0-M,
PCSI-M Professional Course — Specialized 1 3 3 0 PCEII-M, PCEI4-M
__PCEI3-M_
PCEI0-M,
PCS2-M Professional Course ~ Specialized 2 3 3 0 PCELI-M, PCEI4-M
PCEI3-M
TOTT 17 21

Figure 7. Fourth Year First Semester Curriculum of BSCE in TUP Manila

Course Learning Outcomes of PCS1 include 1. Demonstrating knowledge of analyzing indeterminate
structures using direct stiffness method 2. Recognizing the possible solution to instability warnings and
erros in structural analysis of softwares by understanding stiffness matrix formula- tions, 3. Developing
their own solver for structural analysis of 2D Problems and 4. Developing complete structural design
of multistory concrete building using STAAD and RCDC software.

Course Learning Outcomes of PCS2 include 1. Demonstrating knowledge of analyzing inde- terminate
structures subjected to earthquake forces and verified in softwares 2. Recognizing the dynamic property
of structure important in design of structure under seismic zone 3. Apply NSCP Seismic Provision in
developing complete structural design of multistory building using STAAD and RCDC software.

TUP Manila uses MS Teams as its platform for online delivery, which can be either synchronous or
asynchronous, as the school also has a Microsoft Office 365 subscription.

E—
. 0 o« 4
| : ACTIVATE YOUR
- OFFICE 365
3
o
[ 0 o |
Figure 10. MS Teams for online class Figure 11. Office 365 for all students

Figure 8. TUP Manila subscription to Office 365 and MS Team as online learning platform
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(Rodriguez-Paz et al., 2021) proposed the usage of Youtube channel as crucial component in online learning
because it has been successfully used for numerous engineering disciplines even before the pandemic
started. Because of this, the majority of recorded lectures are kept in a separate Youtube channel by the
instructor so that students can access them online and see or download them whenever and wherever they

choose.

s Girder Design Using Spreadsheet 2
= sort = o s =
° B = onpauiobe
> e i y = R
g <y . Solved Problems EQ Engineering 1
e B an 5o, Girder Design Using Spreadsheet 3
s — = [~ LB
G PLAY ALL
[ e R
= on D — Seismic Design and 2 Column Design Using Spreadsheet
Earthquake 4 Analysis Using STAAD = -m oo e
ilacattanads: Equivalent Lateral Force and Excel
= H o 08 + 1,649 Isolated Footing Design Using Spreadsheet
- 2 & g
Z Intro to Earthquake Engineering i
= a > ~ 1-STAAD Modeling of Building
" 2 = SRR
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* Earthquake solved problems-NSCP Provisions
= - a juan paulo bersamina u STAAD Design Review
! = " o Do Rersen

Figure 9. Author’s Youtube Channel as repository of online lecture recordings

2. Methods
Utilization of STAAD and RCDC

A Bentley academic license (17) for a year is available to TUP Manila as part of the purchase of
structural laboratory equipment. Everyone enrolled in TUP is urged to take use of this open access,
particularly graduates who will require software expertise to work in the sector.. Buildings, oil and gas
structures, and power plants are all designed using Bentley software (16).

To date however, as long as students and faculty members use their institutional email, softwares are free
to use under Bentley education subscription(17). STAAD is used to simulate and analyze the student
project, and RCDC is utilized to design the concrete members since it can provide a drawing file that
complies with the NSCP Concrete and Seismic Provision Code (19).

.
= SRADbro

o | Bentley

- Education

STAAD RCDC

Figure 10. Bentley STAAD and RCDC softwares part of Bentley Education Free Usage for Educational Institution
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2.1 Geometry Modeling

Sample lowrise concrete building project made by students are shown below.
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Figure 11. Sample Student Project and Corresponding STAAD Model Geometry

2.2 Property Assignment
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Figure 12. Beams and Column sizes should be consistent with student project drawing
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2.3 Supports and Load Application

SEISMIC - UBC

TYPE OF OCCUPANCY STANDARD OCCUPANCY (IV)
SEISMIC IMPORTANCE FACTOR (I) 1.00
SOIL PROFILE TYPE Sp (STIFF SOIL PROFILE)
SEISMIC ZONE 4

]
®
B W
B e
u

sefiEng
g2 ”;i

Z 04
NEAREST FAULT LINE: WEST VALLEY FAULT SYSTEM (M =7.2)
SEISMIC SOURCE TYPE A (7.0sM<84)
DISTANCE TO NEAR FAULT LINE 6.6 km

¥ —

Figure 13. Distance to fault line, STAAD seismic definition and loading combinations from student output

Seismic definitions consistent with the design criteria and NSCP(8) are also defined before applying
primary loads and load combinations.

2.4 Other Commands related to Earthquake Engineering Concept

LSTENV
+ PERFORMANALYSIS
 PRNTSTORY DRIFT 0004000
# PRNTSTORY STEFNESS
 PRNTDACR
2 PINISH

Figure 14. Distance to fault line, STAAD seismic definition and loading combinations from student output
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Outputs like Story Drift, Center of Mass, Center of Rigidity and Story Stiffness are required to
verify that model does not have torsional shear and in compliance to drift check as per NSCP.

2.5 Perform Analysis and Post Processing

After modeling geometry, assigning properties, load and supports, Analysis shall be performed
where possible warning and errors may occur.

Base Shear and Drift Check

Base shear will be manually check with spreadsheet on the succeeding section. This ensures that
students knows which base shear formulas govern in their structure. In a typical lowrise building,
maximum base shear formula normally governs as observed also in the response spectra and shown in
Figure 23.

Figure 15. Base shear and drift check output from student project

Center of Mass, Center of Rigidity and Storey Stiffness

Checking the center of mass and center of rigidity verifies that the structure will not induce large
accidental torsion during earthquake. This is also manifested by the large rotational stiffness value
compared to the stiffness on both X and Z direction.
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Rotational stiffness.>.lateral.stiffness

Figure 16. Center of Mass, Rigidity and Storey stiffness from student output

Typical Forces Output for Beam, Column and Footing

After model analysis, postprocessing will be done to obtain the forces of beams, columns and node
reactions.

ANALYSIS ResuLT FOR GROUP 8.1 )

Figure 17. The forces for Beam, Column and Support Reaction will be extracted manually for verification of
RCDC Design using spreadsheets created by student

10
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2.6 Design of Girder using RCDC

STAAD Models are imported in RCDC to perform girder design and in compliance to NSCP

z w[m # REINFORCEMEN ] ] =
Lo |5 [ & ] mor | = | T w | |
B )

Figure 18. Typical RCDC output and actual student output
2.7 Design of Column using RCDC

STAAD Models are imported in RCDC to perform column design and in compliance to NSCP.
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49M T T
8 8
8 g
gL Y = ®:20 1 [ahg = ®:20
Bathd (orns]
COLUMN MARKED C1,C2,C3, C4, C13,C14,C17,C18,
C5,C6,C7.C8, C19, C20, C23, C24
C9,C10,C11,C12,
Figure 19. Typical RCDC

output and actual student output

11
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2.8 Design of Footing using RCDC

STAAD Models are imported in RCDC to perform isolated footing design and in compliance to
NSCP.

v R R G
o~ [&][=). - [E[E [}
SCORCosOn
AR EE E
e {mfm] [afla] [afa]
Eoinin

FOUNDATION PLAN

SCALE 1:175

Y 1

-

Figure 20. Typical RCDC output and actual student output

Utilization of SMATH and MS Excel in Validating Softwares Result
SMATH

SMATH shown in figure 21 is free software that is available online and was developed by Andrey
Ivashov (15). Itis an alternative tool to Mathcad and Matlab for creating design calculations for civil
engineering design uses such as concrete beams, concrete columns, and other specific template for
calculation in a regular design office thanks to its WYSIWYG (what you see is what you get) feature
similar to Mathcad (15). The Stiffness Method was also taught using this program, with STAAD
and MS Excel serving as the verification tools in (Bersamina, 2021). Additionally, (Gallardo-Pastor et
al., 2021) taught chemical engineering students on thickening design using SMATH. Compared to
Matlab, its language is more natural and has a smaller learning curve similar to Mathcad.

In this study the modal periods, modal shapes, and mass participation employed in STAAD
earthquake engineering results are validated using SMATH. The function by (Urroz, G, 2010) is
needed because the Multi Degree OF Freedom problem necessitates numerical method for tackling
eigenvalue and eigenvector problem.

12
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Microsoft Excel
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A paper by (El Sawy, K.M. et al.(, 2015) demonstrated the use of MS Excel in teaching structural
engineering at UAE University. In this paper, it will be used to verify commercial softwares like
STAAD and RCDC to make sure students understand both the concept and how the software works.
TUP Manila has Microsoft365 account available for each students enrolled in each semester. Basic
programming subject which is supposed to teach them basic MS Excel and computer programming is
introduced to first year students in the BSCE Curriculum shown below fig 22. Thus students are expected
to create their own solver in MS Excel with consideration of NSCP Code in Concrete and Seismic

provision.

FIRST YEAR - SECOND SEMESTER

GEC4M Mathematics in the Mbdem World 3 ) 0 None None
GEC5-M Purposive Communication 3 3 0 None None
GEC6-M Art Appreciation 3 3 0 None None
CEShop2-M  Engineening Shopwork 2 2 0 6  CEShopl-M None
MathEng2-M  Calculus 2 ( Integral Calculus) 3 3 0  MathEngl-M None
PhysEng-M  Physics for Engineers, Lec (Calculus Based) 3 3 0 MathEng1-M PhysEngL-M
PhysEngL-M  Physics for Engineers, Lab (Calculus Based) 1 0 3 MathEng1-M PhysEng-M
BES12-M Engineenng Drawing and Flans 1 0 3 CEShopl -M None
BESS-M Computer Fundamentals and Prograrumng 2 0 6 None None
PE2-M Physical Education 2 - Rhythmic Activites 2 2 0 None None
NSTF2-M CMT 2/CWTS 2 3 4 0 NSTPI-M None

Total

e
o

39

Figure 22. First Year Second Semester Curriculum of BSCE in TUP Manila

Manual Verification of Base Shear and Vertical Distribution of Earthquake Forces

Spreadsheets was used to manually verify base shear to ensure compliance to NSCP Seismic

Provision.

13
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BASE SHEAR DETERMINATION

ACTUAL BASE SHEAR

]
Vactuat = 2= W

0942(1) e 66
8.5(()568)( H666)

Vactuas = 4244.866 kN

Vactuat =

MAXIMUM BASE SHEAR
2.5Cq!
Vnax = =5

w

Vinax = 20500 51956.066
max = T( .066)
Vinax = 3199.421 kN

MINIMUM BASE SHEAR
Vinin = 0.11C,IW

Vinin = 0.11(0.500)(1)(21756.066)
Vinin = 1196.584 kN

ANALYSIS RESULTS FOR SEISMIC / EARTHQUAKE (BASE SHEAR)

ToTs Perlod (1775)

pire 208.3 - Design Resg

S*WARNING: IF THIS UBC/IBC ANALYSIS HAS TENSION/COMPRESSION
OR REPEAT LOAD OR RE-ANALYSIS OR SELECT OPTIMIZE, THEN EACH
UBC/IBC CASE SHOULD BE FOLLOWED BY PERFORM ANALYSIS & CHANGE.

DIRECTION : Ta = ©0.609 Tb = ©.386 Tuser = ©.000 *
0.386, LOAD FACTOR = 1.000

* UBC TYPE = 97

* UBC FACTOR V = 0.1470 x 25230.09

‘%

3709.12 KN

* Z DIRECTION : Ta = 0.609 Tb = ©.377 Tuser = 0.000 *
T« 0.377, LOAD FACTOR = 1.000

* UBC TYPE = 97
* UBC FACTOR V = 0.1470 x

ZONE 4 BASE SHEAR MINIMUM 25230.09 =

0.8ZN, 1
Vienes = ——W

0.8(0.40)(1.472)(1
Veones = (—(—)Hrznsn.ons)

Viones = 1205.644 kN
SINCE

TORSION FROUAT
DYNAMIC

ENTRICITY (esi) IS INCLUDED IN ANALYSIS.
CENTRICITY APPLIED = DEC - 1

Vactuat > Vinin : Vactuat > Vzone 4 : Vactuat > Vimax

€——— Both Vmax governs

Figure 23. Verification of governing base shear formula by student

Manual Verification of Vertical Distribution of Earthquake Forces

Spreadsheet was used to manually verify vertical distribution of base shear in STAAD.

Vertical Distribution o . .
Fy (kN) = 0.00 \' 658.82 /\ = R P
Level h(m)  WikN)  Wh [| Fikn) %oomo T W L
2nd 3 180622 54187 126.2
3d 6 1806.22 10837 2524 . o
4th o 1337.05 1203345\ 280
5th 0.00 00 w
Roof 0.00 0.0 0.0)
Total 49495 28289.43| ] 658.82
b Resuu

Figure 24. Sample Verification of Vertical Distribution

14
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Manual Verification of Modal Period of Structures in SMATH

SMATH was used to manually verify dynamic property of the structure.

. ) . e Dynamic Analysis of Buildi
= | @ | 52 | | T PCS3_Alles_Estandian_Rose Sabater_Soldevilla Dynamic - Frequencies & Mass Participa... ynamic Analysis of Building
Frequency | Period f Y Z Allas_Estandian_Rose_Sabater_Soldevilla Engr. Juan Paulo Bersamina
Mode| ™ m seconds % % % ayps 3SCE 4A
2 8031 0.125 0.000 0.000 0.000 Elastic FLOOR DIAPHRAGH UNIT - KN METE .
3 15.121 0.086 7017 0.000 0.000 Elsstc _ floor weight from sTAAD
< 24678 0.041 0.000 0.000 0,000 Elstic = )
25349 0.039 10% 0.000 0,000 Elestic gl SR
B 3230 0.031 0212 0.000 0,000 Elastic
m o x
22
m 5 43,9541 0 4
3R 435.4811 0 ORI
= c _ —> mass ¥
0 435.4811  ¢©
Node | Mode x Y z ™ ad Z 44 9 0 315.316
3 1 0.000 0.000 0.000 0.000 0.000 0. iy
2 0.000 0.000 0.000 0.000 0,000 0 ston erirraEss - e .
3 0.000 0.000 0.000 0.000 0,000 0 sforz\j shﬂ‘m,cs from
- S a1 1 [ irrma SR S wr STAHRD

k1:=2987000— Ki+k2 —k2 0 ¢
K2i=azz | k2 x24k3 —x2 0 [—> gHifness matux
k3:=401 9 —-k3 k3+k4 —k4
0 0 k4 k4
k4 1= 3710000

0.1897

33.1168 .
| 95.1975 _| 0.066 }madal periods

147.3984 0.0426

181.0439 0.0347

5 }mode shapes

Figure 25. Modal Period verification in SMATH from student output

Manual Verification of Mode Shapes of Structures in SMATH
Mode shapes were manually computed using SMATH code shown in Figure 26. The SMATH code used

here can theoretically compute multilevel structure dynamic property which manual solutions by hand
cant accomplish.

15
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-0.57

MODE 1
o S = - =
2-49

0 B

mode 2 mode 3 mode 4

33.1168
95.1975
w=
147.3984

181.0439

0.1897
0.066
0.0426

0.0347

Figure 26. Mode shapes verification from student output

Manual Verification of Mass Participation of Structures in SMATH

231.1293
225.8662

col(phis, 1)=| " o
15120.5384
i 1366,3487

Figure 27. Modal Mass Participation verification from student output
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2.9 Manual Verification of Girder Design

Spreadsheets were used to manually verify girder design including seismic detailing output of RCDC to
ensure compliance to NSCP Seismic Provision. Figure 28 below shows the equal design result from
student spreadsheet and software RCDC output.

COMPUTING FOR THE TOP LEFT REINFORCEMENT OF THE BEAM
i | T3PS AR Etandian Rose, Sobates Soldevtla - Beam End Forces: G181 -
LT T RAR) S

BASED ON THE BEAM RESULTS ON STAAD THE VALUE OF THE MAXIMUM MOMENT
OCCURRED ON BEAM 202 (B34 IN RCDC)
208316 kN —m

163.147 kN —m
BEAM 202 IN STAAD (B34 IN RCDC)

M, max = 208316 kN —m

M

¥ = 0.9ba:
208316000 N — mm

a

LTI\ An {Max Avial Forces Max Bending Moments )\ Wax Shear Forces / T T e "
T " oy 0.9(400 mm) (538 mm)?
Ry = 2095

v

PRRLL T P T
1135.184 mm? R N L
7 - wesa— 0.85(30) 2(2.095)
(Z) (20 mm?) . Pregw = =FHi5y Il = J ~0.85(30)
n=3.613pcs = 4pcs Manual DBS'Ig"‘ Ou‘{'puf Prequa = 0.00528
ASequa = pbd
n =4 pcs of 20 mm diameter rebar ASreqra = (0. ooszws)(wv mm) (538 mm)
= RCDC OLX*PU+ e l/l_s,‘.q,“ - 1135.12':41?;1112 =
8688810811 B13 400 600 3820 3420 3#20 4#20 4920 4920 REQUIRED STEEL RATIO (p,cq.4) | 0.00528
B15816818,820 | REQUIRED STEEL AREA (A5,.q,) | 1135.184 mm?
B21,823825 832
B.B37839 SINCE
ASmin < ASreqa < ASmax
SINCE MAIN BARS ARE CONTINUOUS, THE WHOLE SPAN ALSO FOLLOWS 4-#20 mm BAR DIA AS = ASyeqa
AS REINFORCEMENT As = 1135.184 mm?

COMPUTING FOR THE NUMBER OF MAIN BARS
As

= Hoar

Figure 28. Girder Design using Spreadsheet from student output

2.10 Manual Verification of Column Design

To establish compliance with the NSCP Seismic Provision, spreadsheets were utilized to manually
examine the column interaction diagram, including the seismic detailing output of RCDC as shown in
Figures 29 and 30. Students may be able to manually change their designs quickly in the event the software
produces an insufficient concrete size or reinforcement design or needing reanalysis.
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== e ; MANUAL COMPUTATION
—— (COUNTER CHECK FOR THE COLUMN WITH THE MAXIMUM AXIAL LOAD IN GROUP C1)
BASE (5) 700 mm
OVERALL DEPTH (/) 700 mm
MAIN BAR DIAMETER 20 mm
LATERAL TIES BAR DIAMETER | 16 mm
CONCRETE COVER 40 mm
= MPa
Fy 415 MPa
:’E Max. Axial load= B3TKN CHECKING FOR THE INTERACTION DIAGRAM OF BEAM 97 (C1 IN RCDC)
GIVEN THIS CROSS SECTION
24 =
; Mo Moment, = 212 KiSm THERE WILL BE 6 LAYERS OF MAIN BARS RESULTING FOR A 20 PCS 20 mm o BAR

I=]c

&

20
x=40+12+7

[ SURFACE TO CENTER OF MAIN BAR (x) |62 mm

COMPUTING FOR STEEL RATIO
As
p— . PR
7 (20 mm)*(20)
= P = Goommy00 mmy * 100 %
p=1282%

Loat 104 Bomding 2

e

BASED ON THE STAAD RESULTS, THE FORCES OF C28 ARE AS FOLLOWS
x 5778 N

COMPARING THE DIAGRAM TO THE DIAGRAM GENERATED BY RCDC, 79.247 kN
-m

212.826 kN —m

USING EXCEL, THIS INTERACTION DIAGRAM WAS FORMULATED. UPON CHECKING THE
VALUES OF Fx and Mz THE PLOT SHOWS THAT THE CROSS SECTION AND REINFORCEMENT
CAN WITHSTAND THE LOAD.

THE BALANCED MOMENT AND LOAD FOR BOTH EXCEL AND RCDC GENERATED
INTERACTION DIAGRAM IS ALMOST THE SAME.

s
[ EXCEL I RCDC ]
__ULTIMATE LOAD_ 2414.553 kN I 2764 kN |
ULTIMATE MOMENT 1171.802 kN-m | 1282 kN-m |
1500 1000
1A ] 71 orvens | 2= uws
oo [ nee100 | s6en Olnteraction disgram  Oload A Ultimate Seriesd

7%

r'
|4
&
H
]

§

]

88838 4,
2882838 |2
gagesag
gRERREF

Figure 29. Reinforcement Design of Column using Interaction Diagram from Excel spreadsheet
provided to student by instructor
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MANUAL COMPUTATION

(COUNTER CHECK FOR THE COLUMN LATERAL TIES IN GROUP C1 AND C2)

SINCE THE CROSS SECTION AND REINFORCEMENT DETAILING CAN CARRY THE LOAD
APPLIED TO IT, THE COMPUTATION FOR TIES WILL BE AS FOLLOWS

CLEAR HEIGHT (k)
FOR THE MAXIMUM

CASE 1:

Smax-1 = 16(20

|
|
|
|
| C
|

CASE 2:

[ 3400 mm-

SPACING

Smax-1 = 16d),

mm)

Smax-1 = 320 mm

Smaz-2 = 48dpe

Smax-2 = 48(16

mm)

Smax-2 = 768 mm

CASE 3:
LEAST COLUMN DIMENSION

Smax-3 = 700 mm
Smax:
16 ds 320 mm
480 768 mm
LEAST COLUMN DIM. 700 mm
320 mm

FOR THE SPACING FOR S1

|
|
|
|
|
|
| USE Siar
|
|
|
|
|
|
|

CASE 3:
l,_3 = 450 mm

USING §
L,=700mm hinge 2one length
THE NUMBER OF TIES WILL BE

, — 50 mm
P et
700 mm = 50 mm

B 100 mn
n=65=7pcs

MINIMUM BEAM DIMENSION, |o
700 mm
ht6
450 mm
USE |, | 700 mm
NO OF LATERAL TIES | 7

567 mm

THUS THERE WILL BE;

700 mm by 700 mm REINFORCED BY 20 - 20 mm ¢ BAR
LATERAL TIES: 16 mm o
SPACING: 1 @ 50 mm, 7 @ 100 mm, REST @ 320 mm
B G

S pec 0O Lojm @
S1o1 = 0.25bpun SR SIZE 700x700 | 700 X 700
& e o.zi(775nn mm) +o STEEL 20420 \V/ 20-#20
i =175mm Nad
¥ NSCP Seismic e LINKS [#20@100 C/C + #16@300 C/C | #20@100 C/C + #16@300 C/C
s::,AzszEszd:,, Defailing R“’l“i""’""‘t ’ MATERIAL| C30:Fya15 Ca0:Fyats
S;f Sg mm) ISCR ZONE| 700 700
12 =120 mm
3 COLUMN MARKED C1,C2, C3, C4,Cs5, C13,C14,C17,C18,
o RSB ©6,C7,C8,C9,C10, | C19,C20,C23,C24
1-3 C11,C12,C15, C16,
SPACING FOR Si: C21, C22, C25, C26,
[ 025bm | 175mm | C27, C28, C29, C30,
Eisdn :gg x: C31, C32, C33, C34,
USE S: 10mm | goverming Spacing €35, C36

FOR THE NUMBER OF TIES

FOR S; SPACING

CASE 1:
LEAST COLUMN DIMENSION
loy = 700 mm

CASE 2:

Loz = ht/6

|
|
|
|
|
|
|
|
|
| CONSIDERATION FOR ls
|
|
|
|
|
|

-2 = 3400 mm/6
Iy = 567 mm

Figure 30. Seismic Detailing of Column Ties verification using spreadsheet from student output
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Manual Verification of Footing Design

Spreadsheets were used to manually verify footing output of RCDC including size and reinforcement

spacing shown in Fig 31-33.

'ING (ALLOWABLE)

MANUAL COMPUTATION - SIZING
(COUNTER CHECK FOR THE ISOLATED FOOTING HAVING MAXIMUM AXIAL LOAD)

s

= 159.6C kN
Rmd{a‘ M?_: N‘La‘kﬂm

Reaction

il 22 1
Fnﬁ a0
7O DO N

TFEF@]
ST 2 2

—BASE OF THE COLUMN (b) | 700 mm
| DEPTH OF COLUMN (d) | 700 mm
| MAIN BAR DIAMETER 12 mm

CONCRETE COVER 75 mm
£ 25 MPa
Fy 415 MPa
SOIL BEARING CAPACITY | 250 kPa

BASED ON THE REACTIONS ON STAAD THE NODE WITH THE MAXIMUM AXIAL LOAD (USING

ENVELOPE 3001) APPLIED ON FOOTING IS NODE 53

NODE 53 IN STAAD (FC13 IN RCDC)

Fe-max = P = 1159.663 kN
M, = 145.186 kN —m

CHECKING FOR THE AREA OF THE FOOTING

THE INITIAL AREA PROVIDED BY RCDC WA¥300 m by 2.300 m by 0.500 nTl

_ 1159.663 kN  6(145.186 kN —m)

COMPUTING FOR THE NET UPWARD PRESSURE USING THE FOLLOWING FORMULA

(2.3m)? (23m)(2.3m)?

o = 290.815 kN/m? < 1.33(250 KPn)Pm

Figure 31. Footing size calculation from student output
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Ui |

ERECRICAY s Rose. €2 =&
L[> RAWA Summary fEnvelope.
[ Worzontel | Verieal | Hoviantal | ot I
x 7 I3 | Wi y ‘ W
) ] Whm | wem | e
OB e 8 1350 129021085
Aasas 533401 13943 1299 210888,
teris vary 15181 i 20000
®is  1aem 21060 13 oz
20w s 2035 1367
306, Gadsar 241 SE . 3
m w2 24038 137 1o
3068 s 224341 137 i
403 eas 19 sl dpes
Zoet wr7en 196 -0t 6
iiasds| " sanany Tisa izel
itazds sssan 13943 1290 2

Reaction Fy= 1329.23 k)
Readtien M= 204.31 KIm

[erars
Ty e Wx My e
N ™ )em | wem | km
09, 9900, 090040657 0213643798

T

SOLVING FOR THE MOMENT AT THE FACE OF THE COLUMN

L 0.800m
2300m
¥ T ]
251280 kN/m I I I
316989 kN/m =111
: 352.034 kN/m
; KN 0.800my 1 kN 2 .
M= [(316.989;{ (0.800 m) (T) + 5(35.045 F) (0.800 m) (5) (0.800 m)] (2.3 m)

M = 250.500 kN — m

p—
N = Pbd?
12 mm
d = 500 mm — 75 mm — ——— = 419 mm
_(250.500 kN —m)(10%)
N 0.90(2300 mm) (419 mm)2
Ry = 0.689
_ossgf [ 2Ry
Preqra = 5> A
_ 0.85(25) 2(0.689)
Preard = a5y 0.85(25)

Preqta = 0.00169

ASyeqra = pbd
ASyeqra = 0.00169(2300 mm)(419 mm)
ASreqra = 1626789 mm*

0.00169

| REQUIRED STEEL RATIO (preqia)
1626.789 mm?

[ REQUIRED STEEL AREA (As,cqia)

BASED ON NSCP THE MAXIMUM AND MINIMUM STEEL AREA SHOULD BE CONSIDERED IN
DESIGNING
_ 0858 (3
Pmax = y
_ 0.85(25)(0.85)
N (415)
Pmax = 0.01632

Pmax

ASmax = pbd
ASmax = (0.01632)(2300 mm) (419 mm)
ASpay = 15729.064 mm?

[ MAXIMUM STEEL RATIO (pyar) | 0.01632
| MAXIMUM STEEL AREA (As0.) | 15729.064 mm?

Figure 32. Footing Reinforcement

MANUAL COMPUTATION - STEEL REINFORCEMENTS —
(COUNTER CHECK FOR THE ISOLATED FOOTING HAVING MAXIMUM AXIAL LOAD)

P 123 (o.001&

fy=0:002248

BASE OF THE COLUMN (b) | 700 mm
DEPTH OF COLUMN (d) | 700 mm
MAIN BAR DIAMETER 12 mm
CONCRETE COVER 75 mm

7 25 MPa
Fy 415 MPa
SOIL BEARING CAPACITY | 250 kPa

BASED ON THE REACTIONS ON STAAD THE NODE WITH THE MAXIMUM AXIAL LOAD (USING
ENVELOPE 3001) APPLIED ON FOOTING IS NODE 59

NODE 59 IN STAAD (FC13 IN RCDC)

CHECKING FOR THE AREA OF THE FOOTING AND BOTTOM REINFORCEMENTS
THE INITIAL AREA PROVIDED BY RCDC WAS 2.300 m by 2.300 m by 0.500 m
COMPUTING FOR THE NET UPWARD PRESSURE USING THE FOLLOWING FORMULA

P &M

7=at

_ 1329273 kN | 6(204.312 kN —m)
(2.3m)? (23 m)(2.3m)?
o = 352.034 kN /m?
CONSIDER THE LARGER STEEL RATIO FOR THE MINIMUM CONDITION
Pmin = 0.00337

Aspin = pbd
Asmin = (0.00337)(2300 mm) (419 mm)
ASpin = 3251.036 mm?

MINIMUM STEEL RATIO (p,;,) | 0.00337 ]
MINIMUM STEEL AREA (45,,,) | 3251.036 mm? ]

SINCE _pbd
Asmin > ASreqa < ASmin Asy = £
= 0.002248 (2300) (419)

As = As,
e, = 2166.353Cmm™

As = 3251.036 mm?

COMPUTING FOR THE NUMBER OF 16 mm BOTTOM BARS TO BE USED

no s N 2166-397%
" Apar 12.09%
_ 3251.036 mm?
-
(Z) (12mm)? n=19.16 & 20pcs

n = 28.745 pcs = 29 pcs
SPACING IS TO BE COMPUTED USING THIS FORMULA
B 300

s G lECe

n+1 20+
2300
2941
S=76667mm | S=109.52mm ; use lOnm

THUS FC10 WILL BE REINFORCED WITH 12 mm BOTTOM BARS SPA( AT 75 mm

| Pag I Inm I zmul %0 | #2@100CC T Yo@sce | #2@ms0Ce I

RCPC oUTRUT

Yo | cacucncn
aca w21

eemco
.

calculation from student output with mark ups from author

instructor
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FOOTIN - FOOTI FOOTING DIMENSION FOOTING REINFORCEMENT STIRRUPS - REMARI
NUMSEG{GS :«ﬁ::eﬂs OTVPEG STEP | L 8 D 02 Eorfon o ALONG B ALONG L f g g
1
ALONG B ALONG B ALONG L
= C1,06,025,C30 Pad 2600 | 2800 | so0 #129100CC 129150 CC 4126150 CC
oz €2,63.C4,08.69, Pad 200 | 2200 #1208100CC 2120150 CC #120150 CC
CI0C11.C15C16
€21,622.632.633
34,038
Fos cs Pad o | 200 | so0 #1210 CC 120100 CC #129150 CC
FC7 c7.c12 Pad 2600 | 2000 | 500 #1210 CC 120100 #129150 CIC
FC13 | C1aciaci7ens, Pad 2300 | 200 | 500 #129100 CC 20100 CC 129150 CC
C20,623,C26.C27.
et clocat Pad i M #128100CC #128100C/C 4129150 CC #728150CC
¥t ©31,C36 Pad 3100 | 3100 | sox #12@100CC 120100 C.C #129150 C'C #12150CC
24
#128150 6 (T) #120100 CC (8]
V |
—_ — — =
14
E
y B - #12@100 CC (B)
i .
5]
P 1
| L . 1
o -
8§
9129150 C/C (1) ma@1s060 T
#129100CC (8) #1210 CC (8)
B ' — —
{1 1T = d ] ]
BOF BoF
| | - - +12150 C.C ()
#12@150 C/C (T) 150 THK PCC #12@150 C/C (T) 150 THK PCC
" FI2@T00 CIC (8] #12@T00 CIC (8)
3 2600 s 2500 1
25 4 Lisomkpoc
SECTION 1-1 SECTION 2-2 3
DETAIL OF FOOTING FC1 DETAIL OF FOOTING FC1
SCALE 125) SCALE 125) 1

24

FOOTING FC1- PLAN

(SCALE 125

Figure 33. RCDC Output of Footing Schedule from student

End of Course Survey result

The instructor developed a google form to assess the effectiveness of online instruction for PCS1 and PCS2
utilizing free or open source software in conjunction with industry-based software STAAD and RCDC.
To preserve the privacy of their answers and remarks, the students can fill out the form anonymously.
Students were questioned regarding how well the course was delivered, their learnings, and potential
suggestions for the subject matter and instructor. Some questions were derived from (Oreta, 2019)
during their implementation of CEORIEN course last AY 2018-
2019. More than 90 percent of the population enrolled in the course, or 107 replies, responded in the
survey, confirming the authenticity of the results.
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3. Results and discussion)

As can be seen in Figures 34 below, students’ understanding considerably enhanced after enrolling in
PCS1, which was to be expected given that the prior design course learned in their 3rd year covered only
steel design.

Before you enrolled in PCS1, rate your knowledge in the analysis of indeterminate After you enrolled in PCS1, rate your knowledge in the analysis of indeterminate LD
structures using software and design of slab, beam, column and footing. structures using software and design of slab, beam, column and footing.
107 responses 107 responses

Poor 61 (57%) =0

Fair
Fair

Average —41(38.3%)

Average

Good 51 (47.7%)

Good 6(5.6%)

Excellent
Excellent (0%)

Figure 34. Student Knowledge prior and after enrolling the course PCS1

Following enrollment in PCS2, students’ knowledge significantly increased, as shown in Figure 35 below.
This is to be expected as the only prerequisite course that 4th year students are aware of is Structural
Analysis. The author does, however, think that this considerable rise could also indicate that the instructor
performed well in delivering the course, as evidenced by the other survey results and comments made
in the survey.

Before you enrolled in PCS2, rate your knowledge in importance of earthquake |D Copy

Z After you enrolled in PCS2, rate your knowledge in importance of earthquake \D Copy
engineering related to design of structures especially in seismic region like
engineering related to design of structures especially in seismic region like
Philippines.
Philippines.

107 responses
107 responses

Poor 40 (37.4%)

Poor

Fair
Fair 7 (6.5%)
Average
Average 34 (31.8%)
Good

Good 57 (53.3%)

Excellent 2(1.9%)

Excellent 9(8.4%)

Figure 35. Assessment of student knowledge in PCS2 before and after enrolling course

Asynchronous and Synchronous Lecture Assessment

The majority favors the online way of delivery, as seen in figures 36 and 37. However, as demonstrated
in Figure 36, where the highest rating was given by 47.7 percent of respondents, the author notices that
asynchronous learning via old recorded lectures preserved on Youtube is not recommended by students.
The comments in figure 46 are congruent with this. To solve this issue, the instructor made sure to switch
to 100 percent synchronous video in the next semester.
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Asynchronous and synchronous lecture were informative, effective and easy to @ Cor
understand.

107 responses
Strongly disagree
Disagree

Neutral —51 (47.7%)

Agree — 40 (37.4%)

Strongly Agree

Figure 36. Assessment of Delivery via Asynchronous and Synchronous Lecture

Video lectures uploaded in Youtube and MS Teams complements the synchronous [D Copy
lectures held in MS TEams or Zoom.
107 responses

Strongly disagree

Disagree

Neutral 39 (36.4%)
Agree 50 (46.7%)
Strongly Agree
0 10 20 30 40 50
Figure 37. Assessment of Video Lectures
Manual verification of base shear forces learned in Earthquake engineering helps me |0 Co) Manual verification of dynamic property of my 3d model like period and mass 0 copy

participation ratio helps me understand the theory further, staad result and code

understand the staad result and code provision in NSCP.
provision in NSCP.

107 responses
82 responses

Strongly disagree
Strongly disagree

Disagree

Disagree

Neutral |25 23.4%) sl P
eutral )
61 (579
i R0 Agree 49 (59.8%)
Strongly Agree p—— 17 (207%)
E ' e e . 0 10 20 30 4 50

Figure 38. Assessment of manual verification of base shear and dynamic property of structure in STAAD
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Understanding the StAAD software results in the postprocessing tab(i.e. Max Mz for

LD Copy

beam design) help me determine the possible design of beam, column, slab and

footing prior to using RCDC software.
107 responses
Strongly disagree [J§—1(0.9%)
Disagree [—1(0.9%)
Neutral
Agree

Strongly Agree

Figure 39. Assessment of Postprocessing Technique

Manual verification of beam design using spreadsheet helps me understand RCDC
software result and code provision in NSCP

107 responses

Strongly disagree 2(1.9%)
Disagree —3(2.8%)
Neutral
Agree —63 (58.9%)
Strongly Agree

O «

—58 (54.2%)

in STAAD prior to member design in RCDC

Manual verification of column design using interaction diagram helps me understand
RCDC software result and code provision in NSCP

107 responses

Strongly disagree 1(0.9%)
Disagree 5 (4.7%)
Neutral ~38 (35.5%)
Agree
Strongly Agree

Figure 40. Assessment of manual verification of beam and column design

Manual verification of footing design using hand calculation helps me understand
RCDC software result and code provision in NSCP

107 responses

Strongly disagree 2 (1.9%)
Disagree -6 (5.6%)
Neutral
Agree
Strongly Agree

0«
37 (34.6%)
52 (48.6%)
40 60

Figure 41. Assessment of manual verification of footing design

The use of Bentley softwares helped me developed the complete building permit

]Q Cop

drawings smoothly while understanding the principles of design, the NSCP code and

earthquake engineering.

107 responses

Strongly disagree [li—1(0.9%)
Disagree [—1(0.9%)

Neutral

Agree

Strongly Agree

0

Figure 42. Effectivity of softwares
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29 (27.1%)

56 (52.3%)

40 60

||_]Co

—55 (51.4%)
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Figures 38 to 41 demonstrate that using free and open source applications like SMATH and
MS Excel to manually check the output of the STAAD and RCDC software has received

favorable response from students.

Are you able to reconcile the concept of earthquake engineering and concrete design

of buildings?

107 responses

Strongly disagree 1(0.9%)

Disagree (3 (2.8%)
Neutral
Agree

Strongly Agree —7 (6.5%)

—33(30.8%)

@ Coy

63 (58.9%)

60 80

Figure 43. Effectivity of Teaching approach for Earthquake engineering and Concrete Design

Overall, since STAAD and RCDC both has features for earthquake engineering and concrete design
concepts inthe actual design of concrete buildings and in compliance with NSCP Code shown in Fig
43, the interdependence of two professional courses was achieved in this delivery of courses shown.

(Estrada & Lee, 2009) also stated that it

is important for engineering student to understand the

fundamental concepts despite the availability of software to quickly analyze and design structures subjected
to high seismic forces. This is also in line with the expected outcome in the majority of accrediting
standards, such as ABET EC2000, which asks students to demonstrate that they can use the methods,
abilities, and tools of engineering practice. These approach of using MS Excel and SMATH, the author

believes, definitely addressed that requirement.

No. C No. Comum

1 The most important thing that | learned in this subject is that students must learn 1 | understand and had a knowledge on designing low rise building considering
how the software works or the manual computation before using the software. earthquake forces especially in seismic region like Philippines

2 Ever since, we only used AutoCAD for designing buildings. So that learning 2 understanding earthquake engineering helps me to understand how important is
soﬁware like Bentley help us to easily verify the structural performance of our the performance of the building to resist earthquake using software can also helps
building = = to know the structure performance and to verify it using manual computation as

3 Designing a building manually to understand how the automated design works or well.

caloulated with strong compllance wnh. the Co,de PLOVISLONS T 3 Evaluating and Verifying the results of the softwares using manual calculation

4 MO?‘ thmg that | learned using Bentley's appll_canor_l is being futuristic inAgrms of 4 All manual calculation of plates from building weight to shear an moment are all
designing structures and also | learned many tips, tricks and shortcut key in able to 5

R & very useful and important
perform the application easily 3 M ] tati T Jistributi s ek T Gad

5 Understanding the concept prior on using the software helped me understand z EfiLial CompUraLONS, lore ol Ut one ased o earquate:parametars;oa
where my design fails and revise in response to that failure combinations anq dynamlc analysis of structure. - —

3 Its good to know the manual computation or the process of computation of 6 Alt_hoggh the main curriculum for the earthqua»ke.englneenng‘ls all about the
STAAD. To check kung tama yung design. And atleast kahit walang staad alam seismic effect of the earthquake to the s}ruc!ure,ﬂhn_nkthe most important lesson
namin paano icompute i learned was a_bout the SMATH ap_phcal:on because it was easy to use and can be

7 For me the most important is knowing how to compute manually the preliminary used for checking manual calculations.
design of the structure based on it's maximum moment at forces, which | admit 7 Everything should be based on NSCP. During exam po kasi halos laht ng problem
that | didn't give too much attention. need ng code. Tska po manual computation is very helpful kapag ichecheck yung

8 How the software works and analyze, and software manipulation to check the staad analysis kung same ba. It's easy to check kung nagpass ba yung design sa
structural d: and design pes2 using staad.

9 | have learned using different computer applications such as STAAD, RCDC and 8 Spreadsheet, manual solving, and knowledge in NSCP Code is really a great help in
Microsoft Excel which are very helpful in designing structures. It saved a lot of time understanding the fundamentals of Earthquake Engineering.
from doing manual calculations. 9 In this subject, I've learned that when designing a building it's very important to

10 Concept and theories of structural design to fully understand how the software follow the NSCP codes.
works 10 Understanding how earthquake affects the building

Figure 44. Comments on Most important learning
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Parts of the course which aids in learning

No.

Comments

| can say that I've learned a lot on using STAAD software.

On how to used the STAAD Pro properly with the application of NSCP codes.

Bentley Products, YouTube Tutorials, and lecture discussions

The synchronous lectures that i can rewatch

| W] —

| am not really that confident with my knowledge on designing a building by myself.
| usually copy what the typical reinforcements or dimensions of structural
members in my plates. With this course, | was able to increase my confidence in
designing a building as a future engineer. However, | need to study it more.

No.

Comments

On how to manually solve the basic parameters of seismic loads in accordance to
NSCP codes.

SMATH and the discussion about how buildings behave during earthquake

Recorded lecture videos

(W

Manual computations

When we applied what we learned from lec vids to our manual calculations of our
plates

Figure 45. Comments on part of the course which aids in learning

December 9-10, 2022

While comment number 5 is expected given that students have not received formal instruction in concrete
design prior to PCS1, comment number 4 confirms the strategy of releasing recorded lectures to YouTube
as suggested by (Rodriguez-Paz et al., 2021). Only building permit plans were needed to be created for
their engineering drawings class at lower year level.

Recommendations on Improvement of Delivery

No.

Comments

To always provide students a time to absorb the topic, always assess if they
actually learn about the subject.

| hope we'll have face-to-face class this coming semester.

To be honest, i would like to recommend shorter lecture videos because sometimes
there are too much information to process. But overall, | learned a lot in this subject.

Have the lessons/ video lectures properly labeled, since there are times i need to
watch the vid before knowing what content i am watching, this issue is mostly seen
on recorded synchronous lessons uploaded to yt

Make it groupwork for those that do not have their own laptop

Comments

None. | enjoyed the subject. The delivery worked just fine

Shorter lecture videos will really be helpful and will personally make me focus more
on watching and taking notes compared to longer ones.

The videos and lectures provided are are really helpful in understanding on how the
software works as well as the manual computations, but it can be better if it will
provide a more in-depth explanations on how to do the activities.

Nothing po. It was very good

Make it groupwork for those that do not have their own laptop

Figure 46. Assessment on Delivery of Lesson

Unfortunately, some students from low-income families lack a laptop for online study, as evidenced by
comment number 5 and these will be addressed in a face to face learning where they can access software in
the Computer Lab. To ensure that these students have access to online learning, (Garcia-Alberti et al., 2021)
advised in his study that institution offer financing services.

As to the instructor’s delivery assessment, more than 50% have agreed and strongly agreed to the course
delivery. However, it will be observe that on figure 36 majority of the respondents do not prefer the
combination of asynchronous and synchronous mode of delivery.
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As part of the CQI procedure for faculty rating improvement, a repeat survey was conducted on the
end of second semester. Asynchronous lecture were minimized by author instructor and the result is
shown in figure 48 with more than 70 percent appreciated the improvement in delivery.

Assessment of Instructor’s Delivery and Improvement

Instructor presented the course material in clear manner that facilitated [D C
understanding

107 responses

Strongly disagree 1(0.9%)

Disagree —9(8.4%)

Neutral —42 (39.3%)

Agree —45 (42.1%)

Strongly Agree —11 (10.3%)

Figure 47. Assessment of Instructor’s Course Delivery 1st semester

Instructor presented the course material in clear manner that facilitated |_D Copy
understanding

82 responses

Strongly disagree |0 (0%)

Disagree —1(1.2%)

Neutral —18 (22%)

Agree 47 (57.3%)

16 (19.5%)

Strongly Agree

Figure 48. Assessment of Instructor’s Course Delivery 2nd semester

4. Conclusion

According to student survey responses, using free and open source software to check software result, such
as SMATH and MS Excel, generally receives positive feedback. These aid in their understanding of the
concepts and the operation of the software. Most importantly, it’s crucial to integrate the NSCP
Code’s seismic provisions in their own created spreadsheets as these vital for concrete design in a seismic
country like the Philippines. The two courses, PCS1 and PCS2, need engineer- ing simulation programs
like STAAD and RCDC, which may not always require for full face-to-face interaction. This makes
the online mode of teaching particularly beneficial. However, according to survey responses, some
students, particularly those without access to a laptop or internet connectivity, may need to participate in
a face-to-face setting for a more effective learning environment.
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