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Draft
Minutes of the 1% Technical Meeting on

Technical Guideline for CHB construction in the Philippines

Date : September 12, 2022
Time : 14:00 (PST), 15:00 (JST)
Venue : The meeting was held on Zoom on-line platform. The

participants attended from respective home/office/others.

Participants .
ASEP : Ronald Ison, Ariel Santos
HoBEA:Yuji Ishiyama, Tatuso Narafu, Kazushi Shirakawa,
Hiroyuki Aono, Toshiyuki Yoshino
Topic 1 Discussion on “Technical Guidelines “

v Mortar strength: Note cut

v' Base: ASEP calculates according to NSCP and gives numerical
value. It becomes quite complicated depending on the ground
conditions, the number of floors, etc., and it is not possible to judge
what kind of table is good. Calculate using a representative example

of Japan. Created a plane example of the wall volume.

<

Calculation example from soil bearing capacity in the Philippines:
Mr. Ariel will explain next time.

PNS: 9mm rebar 6,7,8mm: for non-structural use, but actually used.
Contractor: Informal

Design: not done by engineers

Housing: No building permit

N X XX

No administrative means

Topic 2  Discussion on “Invitation letter”

v Invitation letter in preparation
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Draft

Date
Time

Venue

Participants

Topic 1

Topic 2

Minutes of the 2" Technical Meeting on

Technical Guideline for CHB construction in the Philippines

October 10, 2022

14:00 (PST), 15:00 (JST)

The meeting was held on Zoom on-line platform. The
participants attended from respective home/office/others.

ASEP : Ronald Ison, Ariel Santos

HoBEA:Yuji Ishiyama, Tatuso Narafu, Minoru Yonezawa,
Kazushi Shirakawa, Hiroyuki Aono, Toshiyuki Yoshino

Discussion on “Invitation “

v

Send 6 letters. The rest will be in Quezon City, and Mr. Ison will
contact Narafu with the address and send the letter of invitation with
his signature to Mr. Ison promptly within the day.

Only a letter from the invitee is acceptable to ASEP (Letters for self-

financed participants are not required).

Discussion on “Technical guidelines”

Explanation of wall amount calculation

We will check the self-weight in the future (Short-term/long-term
classification, relationship with load combination formula
coefficients, etc.).

We will check the soil bearing capacity in the future (Different
characteristics of soil bearing capacity itself, short-term/long-term
classification, relationship with coefficient of load combination

formula, etc.).
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Topic 3

v

@ Zoom 374
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Y=l GuidelineRCHB2022. X

w e B8 a0 o

Discussion on “Request from Jackbilt”

Regarding the following, reply from Tiger Machine (because it is an
inquiry to the company).

Block thickness: Jackbilt's module seems to be certified at 140 mm,
but the revised PNS has a nominal value of 152 mm, and the RCHB
guidelines mainly assume 150 mm (others are not excluded) and call
attention to it.

Informed that it is necessary to add a core puller device in order to
make a dent for the block used to place horizontal rebar, and it is
better to check the flow of the conveyor after molding. Informed that
a mortar guard member is necessary for partial filling, as a simpler
method, we will inform you of the method of making a dent with a
press, too (along with the possibility that the thickness of the
reinforcing bar cannot be secured).

Narafu replied that blocks for beams are not permitted in Japan.

N ~ s# (7)
Hiroyuki Aono Kazushi SHIRAK
() tatsuo naratu 299 ¥
oo Asl Kazuish \

Toshiyuki Yoshino (H.. (GRAM ® & [

Yuji Ishiyama L Q=]

u RONALDO ISON 4o
® 074>

l ASEP_SANTOS, Ariel |

Hiroyuki Aano £

m Kazushi SHIRAKAWA &

(za-remmoay |

136

136



© Zoom i-7427 a

) ||

. !

Toshiyuki Yoshi... B8 ] Kazushi SHIRAK...
g - .

&nE

tatsuo naratu (E353) ¥ &

Toshiyuki Yoshino (H.. (KAM © J§ (2

0»0000

Yuji Ishiyama o
A Gudel reRCHEZO2 209 pdf - Adobe Acrobet Reader DC %4 &
AD) RRED &v) WLS "0 RONALDO ISON ¥
A-h  Y-M CuideineRCHE2022 . X @ A& v
ASEP_SANTOS, Ariel 9
w8 Qoo LIRS ICINC) - RT B 2Z2a4aDD@Q a8 e
= Heroyuki Aono ¢
Q
Kazushi SHIRAKAWA 4 =

Fugure ¥l Weight of the stories

aneuime the weilght of the Mailding as shown in F

pacity of el is SOAN w?

Nt

Total wesght of 1 story busbding 49 be supported by Soundation 1 15 KN’ Then

he foscing ares to Bocw ares sheakd not be less than 0.3 for 1

steey bulding on SORN w1 b

ring capecsty sl Sumilar caleulation grves the focting

seve raticn as shown ia Tuble A

Table A. Footing area ratio
S of fouting aren | fioos ares of 1% stc

ABswable bearing | SANw

eopactty of soid MPs
1 stary 0.3 o
2 steey “ 02

3 story [

0

1~ MEMRLEY

Fll O ZleAnLte®

137

137



Draft

Date

Time

Venue

Participants

Topic 1

v
v
v

Minutes of the 3™ Technical Meeting on

Technical Guideline for CHB construction in the Philippines

November 14, 2022

13:00 (PST), 14:00 (JST)

The meeting was held on Zoom on-line platform. The
participants attended from respective home/office/others.

ASEP ' Ronald Ison, Ariel Santos, Juanito Cunanan

HoBEA:Yuji Ishiyama, Tatuso Narafu, Minoru Yonezawa,
Kazushi Shirakawa, Hiroyuki Aono, Toshiyuki Yoshino

Discussion on “Invitation “

Quezon City, Davao City, and Mandaue City (Cebu Province) are
currently in the process of recruiting. Requested to send passport
PDF as soon as possible.

Narafu will send the materials created by the inviting party that are
necessary for the visa application (some of them are templates
without the name of the target person).

Reference: In the Philippines, Philippine Airlines round trip to Japan
costs about US$900 on the web.

Topic2  Discussion on “Workshop on February 22, 2023”

v
v

Confirmed Mr. Ison's plan.

To provide a detailed explanation of the standards by explaining the
standards themselves and calculation examples based on the
standards so that practitioners in the Philippines can understand and
use the guidelines, so that they can understand the guidelines and
design methods based on them. The proposal to ensure a long time
to. For the audience this time, I'm thinking of asking for consent as a

final plan.
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Topic 3

Topic 4

v
v

HoBEA proposed a method of explaining the guidelines to the person
in charge of ASEP as much as possible, explaining it from him, and
providing supplementary explanations from HoBEA as necessary.

The Japanese side will consider and propose this plan. In addition,

presenter candidates are selected.

Discussion on “Technical Guidelines”

v

The standard part is the same as the previous one. Added
explanations, figures, etc. In the future, we will organize the order of
the articles, etc., and proceed with the work so that they can be
distributed at the WS on February 22, 2023.

Since the next study meeting on December 12th will be the final study
meeting before the WS, the draft explained today (Narafu will send
it immediately) will be reviewed again in advance by the Philippine
side and comments will be sent.

There are comments from the Philippine side regarding the design of
foundations (Table 301-1 of NSCP is not shown because it involves
structural calculations).

Confirmation of handling in the vicinity of faults (Specific
calculation of ps by Na is shown).

There are comments from the Philippine side about what HoOBEA
think about the vertical load of the slab. Here, the answer is that it is
not considered.

Beams can be used instead of slabs (Slabs are recommended to ensure
horizontal rigidity. Especially for the part that will be the floor. Beams

may be reasonable for the top floor (the part where the roof rests)).

* Additional explanations are provided for the wall aspect ratio table.

Discussion on “Consideration by the Japanese side”
At the beginning of the WS, about 30 minutes of opening related
matters such as national performances of both countries and opening

remarks are required (not mentioned in the current Ison’s draft)
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v In the guidelines, add that the standards are based on the premise of
appropriate construction and mention about block piling work
(explanation and recommendation of the Japanese skilled worker

system as an explanation? Masonry units and mortar are described
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Draft

Date
Time

Venue

Participants

Topic 1

Topic 2

Minutes of the 4" Technical Meeting on

Technical Guideline for CHB construction in the Philippines

Disember 12, 2022

10:00 (PST), 9:00 (JST)

The meeting was held on Zoom on-line platform. The
participants attended from respective home/office/others.

ASEP : Ariel Santos, Juanito Cunanan

HoBEA:Yuji Ishiyama, Tatuso Narafu, Kazushi
Shirakawa, Hiroyuki Aono, Toshiyuki Yoshino

Discussion on “Invitation “

v There was no response from Mandaue City. In Davao City, there

is an acquaintance of Mr. Juanito who is highly interested in
disaster prevention. It is possible that the letter of invitation has
not reached such a person, so Mr. Juanito will ask him to
contact.

Reconfirm the necessity of obtaining visas and vaccination

certificates.

Discussion on “Workshop on February 22, 2023”

v

v

Reconfirmed HoBEA's comments on Mr. Ison's proposal. Make
sure we are moving in that direction.

In the Philippines, both face-to-face venues and online are used.
Mr. Narafu told them that HoOBEA would be able to cover the
venue expenses in that case. In that case, we ask that payment be
made by credit card.
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Topic 3

Others

Discussion on “Technical Guidelines”

AN

<

Mr. Ishiyama explained the latest version.

Main discussion

- Added foundation design to Article 4

-Added reinforcement rebar relations to Note "Footing width and
depth of foundations" in Article 4

- Added NSCP Chapter 4 to Note "NSCP Chapter 3" of Article 4.
And decided to add 3 items to Article 2 and write this.

(Isn't it necessary that the design of the foundation is determined
by calculations by structural engineers? Mr.Ariel)

-Reconfirm the description of F3

-Reconfirm, including the comments this time, and send the
revised version to ASEP by the end of the year or at the beginning

of the year (prior to the invitation).

For Mr. Ison, who was unable to attend due to poor

communication, we sent the recording of the meeting to him
and Ariel.
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5. 3 B RCHB DHE i E#E () Kk UERL

(Draft) Guideline for Engineered
Reinforced Concrete Hollow Block (RCHB)

Construction in the Philippines

Article 1. Scope

1. This guideline shall be used for buildings of
reinforced concrete hollow block (RCHB)
construction, where concrete hollow block
(CHB) walls are reinforced with vertical
and horizontal rebars to resist vertical load,
seismic forces, wind pressure, etc.

2. RCHB buildings shall not exceed three
stories nor 12m in height excluding the

basement.

Article 2. Terminology and Notation

CHB: Concrete hollow block

RC: Reinforced concrete

Shear wall: A wall that resists horizontal forces,
e.g. seismic forces and wind pressure. It also
resists vertical forces in CHB construction.
Bearing wall: A wall that resists vertical forces.
It also resists horizontal forces in CHB
construction.

Bearing wall line: A line on the plan where
bearing walls are placed.

Wall ratio: The sum of horizontal sectional
areas of bearing walls, including hollows but
excluding openings, in X or Y direction divided
by the floor area of the story concerned.

Bond beam: A beam that connects the top of

bearing walls on the bearing wall line.

Note) See Commentary C.

apply this guideline, RCHB

construction should be executed by skilled workers

In order to
with good quality materials, appropriate
arrangement of rebars and firm grout to all hollows
where rebars are placed.

Note) Structural safety of basement should be
confirmed through structural calculation against
loads including soil and water pressure. Basement
walls should be of waterproofing and are
recommended to be of reinforced concrete (RC)

construction.
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dp: The nominal diameter of rebars. The smaller
diameter of rebars at lap joints of rebars with
different diameters.

psi: pounds per square inch

PNS: Philippine National Standards

JIS: Japanese Industrial Standards

Article 3. Quality of Materials

1. Netcompressive strength of CHB units used
for walls shall not be less than 12MPa=
1740psi (gross compressive strength 6MPa
=870psi).

2. Yield strength of rebars shall not be less
than 230MPa = 33350psi.

3. The design strength of cement mortar to
grout hollows and joints shall not be less

than 15MPa=2175psi.

Article 4. Foundations

1. RC or equivalent continuous foundations
shall be placed to support bearing wall lines
of the ground floor.

2. The thickness of foundation wall shall not
be less than the thickness of the bearing
walls.

of foundations shall be in

accordance with NSCP Chapters 3 and 4.

3. Design

Article 5. Construction of Bearing Walls

1. Bearing walls shall be composed of CHB
units of no less than 150mm in thickness
and the length of each bearing wall shall be
no less than 0.6m.

2. The bearing walls shall be reinforced with

horizontal and vertical rebars, so that they

Note) 1psi=0.0069Mpa, 1 Mpa= 145psi

Note) For example, PNS ASTM C90-2019 load-
bearing CHB, JIS A 5406 Type B, etc. (see Fig.C2)

Note) For example, PNS 49:2020 230R, 280R,
280W, JIS G 3112 SD295A, SD345, JIS G3117
SDR295, etc.

Note) Recommended cement-sand volume ratio is

1:4 ~1:1.25.

Note) See Commentary F.
Note) See Fig.C1 and Fig.F1.

Note) Footing width and depth of foundations
should be decided based on NSCP Chapter 3 (see
Table F1).

Note) See Commentary W.

Note) See Figs.C1, C3 and C4. Rebars are usually
spaced every CHB unit length (0.4m). It is
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can behave as shear walls. The rebars shall
be at least dy=10mm that are spaced no more
than every 0.5m.

The bottom of bearing walls shall be
supported with either foundations, floor
slabs or bond beams. The top of bearing
walls shall be supported with either floor
slabs, roof slabs or bond beams.

The height of bearing walls between the top
and bottom supports shall not exceed 3.1m
in case dy=10mm vertical rebars and shall
not exceed 3.7m in case dy=12mm vertical
rebars.

The vertical rebars shall be continuous from
the top to bottom supports and shall not be
spliced at the middle part of walls.

The ends of vertical rebars shall be
embedded into foundations, bond beams,
slabs or bearing walls no less than 30ds, or
can be spliced no less than 30d, with
anchors that are embedded no less than 30dy
into foundations, bond beams, slabs or
bearing walls.

The anchors can be replaced by post-
installed anchors or rebars of dp=12mm that
is embedded at least 10ds.

The ends of horizontal rebars shall be
hooked to the vertical rebars or spliced to
adjacent horizontal rebars with no less than
30dy lapping.

Hollows where horizontal and vertical
rebars are placed shall be grouted. Rebars
shall be covered by concrete or cement

mortar no less than 30mm in thickness.

Article 6. Installation of Bearing Walls

recommended that the rebars at the end of walls

and around openings are dy=12mm.

Note) See Table W1.

Note) Adhesive should be used for post-installed

anchors or rebars.

Note) Hollows without rebars need not to be
grouted (see Figs.C3 and C4). The thickness may
include the thickness of face shell or web of CHB

units.
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Bearing walls shall be installed on bearing
wall lines in the entire building in balance
horizontally and vertically.

Openings in bearing wall lines shall not
exceed 4m in length. The sum of opening
lengths shall be less than 2/3 of the bearing
wall line.

The bearing wall lines shall be placed no
more than 7.5m apart in X and Y directions.
The bearing wall lines of the upper story
shall be on the bearing wall lines of the
lower story. In case the upper and lower
bearing wall lines are placed more than the
thickness of the bearing wall, the safety of
that part shall be confirmed by structural
calculation.

The wall ratio of each story for X and Y
directions shall not be less than the value
shown in Table 1. For the bearing wall that
is inclined 0 from X or Y direction, the
horizontal sectional area shall be multiplied
by cos? 0. The wall ratio of upper story
shall include only the effective parts of
bearing walls on the lower bearing

walls.

Table 1: Required wall ratios pq of the story

Number Story number

of stories 1st 2nd 3rd
1 1.20% — —
2 2.76% 1.46% —
3 4.32% 3.20% | 1.70%

In case the aspect ratio r of the
bearing wall exceeds the critical
the

sectional area to calculate the wall

aspect ratio r, horizontal

Note) This requirement is usually realized, if
Requirements of Items 2 to 6 of this Article are
fulfilled.

Note) See Fig.W1.

Note) See Fig. W1.

Note) See Fig. W2.

Note) See Commentary W3) for required wall

ratios pd.

Note) See Commentary W7) for inclined walls.

Note) See Commentary W8) for effective parts.

Note) See Commentary W4) and Commentary
WS5) for aspect ratio r, critical aspect ratio 7. and

reduction factor 3 .
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ratio shall be multiplied by the
reduction factor B in Table 2.

Table 2: Reduction factor S of bearing walls

Bearing wall stories 1 2 3
Critical aspect ratio 7 0.5 {091 ]| 1.1
(Fixed top wall) (1.0)
Reduction factor Fo T

Article 7. Floor and Roof Slabs

1. The floors shall be constructed with RC or
equivalent slabs so that they can be used as
diaphragms to transmit horizontal forces to

bearing walls.

2. In case there is no diaphragm, a continuous

bond beam shall be installed.

Note) For example, RC slabs of no less than
100mm in thickness, steel deck slabs with no less
than 50mm thick concrete, etc. Structural safety of
slabs should be confirmed through structural
calculations.

Note) Structural safety of bond beams without
diaphragms should be confirmed through
structural calculation against in-plane and out-of-

plane loads. See Commentary W9).
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COMMENTARY
C. RCHB CONSTRUCTION

................................... ROO f Slab

Bearmg wall
Vertical and
horizontal rebars
d10@400
d12 at the end of walls
il
Ll 3 O(I]V '.
!l _ B |
s ol ;
) B . i
(3 ; 9 |
di2orD13 ||
Bond beam : 1 Bearmg wall
Vertical and
horizontal rebars
d10@400
L d12 at the end of walls
NN
30d|
Floor slab
3
30d Foundation wall
| Footmg

Fig.C1 Outline of Engineered RCHB Construction
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d
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a)Basic unit b)Horizontal rebar unit c)Basic end unit d)Horizontal rebar end unit

Fig.C2 Various types of CHB units (390X 190 X 150mm)
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Fig.C4 Grout at corners and intersections of bearing walls

F. FOUNDATIONS

F1) Continuous foundation

Fig.F1 Continuous foundation
Table F1 Minimum requirements for foundation (mm)
Thickness of Width of | Thickness Depth below
foundation wall & | footing B | of footing ¢ | ground level d
150 300 150 300

F2) Soil stress and footing area ratio

Let us assume that a building is a rigid body on the ground as shown in Fig.F2a) and
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the stress o v distributes uniformly, where o v=W/(bd). The stress o 1 in Fig.2b) caused
by the horizontal force kW is 0 n=kW(h/2)/(b2d/6)=3kWh/(b2d), where k is the seismic
factor. The stress distribution in Fig.F2c) occurs when ov=0nand 0.:=0 v+ 0 h.
Then, W/(bd)= 3kWh/(b2d) gives 1=3kh/b.

d d d
\ . kW . kW
h CI l h Gb—b ]7 G l—>
w w
v o, v e = gy Vb 1] H_me g,
a) b) c)

Fig.F2 Stress caused by vertical and horizontal forces

In case the allowable capacity for seismic load condition can be 1.33 0 « where 0 ais
the allowable soil capacity. When the stress caused by vertical and horizontal forces o »
(Fig.F2c) becomes 1.33 0 a, the stress o v has to be less than (2/3) 0 a. Therefore, the
stress caused by permanent vertical load should not exceed 33.3kIN/m2 for 50kN/m?

allowable capacity soil, and 66.7kN/m2 for 100kN/m?2 allowable capacity soil.

10kN/m?
10kN/m?
13kN/m’
10kN/m®
13kN/m’ 13kN/m*
5kN/nt 5kN/nt 5kN/nt

Fig.F3 Weight of the stories

If we assume the weight of the building as shown in Fig.F3, the total weight of 1 story
building to be supported by foundation is 15 kN/m2. Since 15/33.3=0.45, the footing area
to floor area should not be less than 0.45 for 1 story building on 50kN/m2 bearing capacity

soil. Similar calculation gives the footing area ratios as shown in Table F2.
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Table F2 Footing area ratio

(Sum of footing area / floor area of 1st story)

Allowable bearing 50kN/m? 100kN/m?
capacity of soil (MPa) (MPa)
1 story 0.450 0.225
2 story 0.841 0.420
3 story 1.231 0.615

F3) Aspect ratio to prevent uplift
The stress distribution in Fig.F2c) gives 1=3kh/b. Therefore, the aspect ratio r=h/b
should be less than 1/(3k) to prevent uplift of the body. Then the aspect ratio to prevent
uplift is given in Table F3.
Even if the uplift occurs to a building, the building may not be overturned, because of
the size effect (the larger the body, the less probability to be overturned).

Table F3  Aspect ratio to prevent uplift

Seismic factor k | Aspect ratio r=h/b
0.1 3.33
0.2 1.67
0.25 1.33
0.3 1.11

F4) Calculation of footing width

The bearing wall line length of Fig.W7 is 56.45m (7.05X 3+4.4 X 2+ 8.3 X2+ 3.75+ 6.15) .
For 2 story building and bearing capacity 100kN/m2, 0.636m (85.575>%0.420/56.45) is
the minimum footing width B (see Fig.F1).

F5) Design of foundations

Detailed foundation design should be done according to the NSCP and/or other technical

documents. Commentary F may give some information on the design of foundations.
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W. BEARING WALLS
W1) Height of bearing walls
The height of bearing walls in Article 5, Item 4 is derived assuming the seismic factor
1s 0.7.
Table W1 Bearing wall height*

Seismic factor &

Vertical rebar 0.7 1.0
d=10mm@400mm 3.12m 2.61m
d=12mm@400mm 3.73m 3.12m

*Distance between the top and bottom supports

W2) Bearing walls on bearing wall lines

Bearing walls are placed on the bearing wall lines as shown in Fig. W1.

b =4dm b

=4m

= =T 1= =

=7.5m

e —
T e

Sm

IA
~]

b | =4m

=4m

IA
~]

Sm
=4m

IA

<4m 7.5m

= 4m .

b | =d4m

= 4m

L]

: Bearmg wall
C—1 : Opening
-------- — : Bearing wall line
Notes:
1) The total length of openings
m a bearing wall line shall be

less than 2/3 of the total length
of that wall Ime.

2) b= 0.6m

Fig.W1 Bearing walls, openings and bearing wall lines

Bearing walls of the upper story should be on the bearing walls and/or bearing wall

lines of the story underneath (Fig. W2). Structural calculation is required for the slab
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in case Fig.W2c) and for the beam in case Fig.W2d).
7

Bearing wall

Floor slab

%Bearm0 wall
i
a) )

Fig.W2 Bearing walls of the upper story and the story underneath

(Structural calculation is required for c¢) and d))

W3) Required wall ratios and base shear factor

Table 1 has been derived assuming that the shear stress is 0.25N/mm?2 for gross
horizontal area of CHB bearing walls and the base shear factor is 0.2 in allowable stress
design (Japanese practice), or the shear stress is 0.30N/mm? and the base shear factor is
0.244 in strength design (Philippine practice).

The values in Table 1 can be adjusted by multiplying Z/0.4, and should be increased by
Near-Source Factor Na if Na>1.0. The values can also be reduced using better CHB units,
stronger grout mortar, full grout construction, etc. and conducting structural
experiments/calculation, but the values should not be less than one-half of the values in
the table.

(BSL of Japan)

According to Building Standard Law (BSL) of Japan, the design base shear factor of short
period structures is 0.2 for allowable stress design, that is applied to moderate
earthquake motions, in most areas in Japan including Tokyo. Previous experiments of
RCHB walls, the shear strength of ultimate capacity level is approximately three times
of the allowable stress level. Therefore, design base shear factor of 0.2 at allowable stress
level means that the base shear factor at ultimate shear level becomes approximately
0.6. This indicates that design base shear factor is 0.6 for ultimate capacity level, i.e. the
structural characteristic factor is Js=0.6 in Japanese seismic code. Since the maximum
(conservative) value of Ds is 0.55 for the least ductile RC structures, s=0.6 is acceptable
comparing this value with the values of other types of structures. Furthermore, the
required wall ratios in Table 1 are 1.5 times of the calculated wall ratios taking into
account local stress concentration. Therefore, the base shear factor for the ultimate

capacity level of RCHB construction is no less than 0.9 on average.
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(NSCP)
According to “Sec. 208.5.2 Static Force Procedure” of NSCP 2015, the design base shear
Vof short period structures is given as follows (NSCP Eq.(208-9)).
V=(25C IIRNW

where, Ca = 0.44 Na for the zone Z= 0.4 and for the soil profile type Spb or Sk. The near-
source factor Na=1.0 for the distance to the fault is more than 15km regardless of seismic
source types. The importance factor for ordinary structures is /=1.0. R is the reduction
factor to consider overstrength and ductility, and £ =4.5 for masonry shear walls (NSCP
Table 208-11C). Wis the total weight of the structure. Therefore, the base shear factor
Cs =V/Wis obtained as follows.

Cb=(2.5%0.44x1.0 X 1.0)/4.5 = 0.244
According to AlJ documents, the allowable shear stress per gross sectional area of Type
B CHB unit is 0.25 N/mm? for allowable stress design. This may be increased 0.30N/mm?2
for strength design. Then the base shear factor (8=0.244 using 0.30N/mm? for strength
design is almost equivalent to (CB=0.2 using 0.25N/mm?2 for allowable stress design
(0.244/0.3=0.81, 0.2/0.25=0.8). Therefore, the required wall ratio pa of Table 1 that is
derived for the base shear factor Cs =0.2 can be accepted in the Philippines. However, in
case Near-Source Factor Na >1.0, pa should be increased by multiplying Na (i.e. Na=2.0,
the required wall ratios should be 2.0pa of Table 1).

W4) Aspect ratio and reduction factor

A bearing wall is subjected to horizontal force P and vertical force Was shown Fig.W3.
The wall should not be uplifted at allowable capacity level, i.e. its shear stress is 0.25
N/mm2. Neglecting tensile strength of the wall and its rebars, the critical aspect ratio re
to prevent uplift of the wall is 0.5 for the bending moment distribution (i) and 1.0 for
the bending moment distribution (ii). The height of the wall and critical ratio are
shown in Fig.W4. Aspect ratios for 2 or 3 story bearing walls are shown in Fig. W5. In
case the aspect ratio exceeds the critical ratio, the capacity of the wall is reduced

multiplying the reduction factor f, where S is r/r(See Table 2 in Article 6).
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h

(0}

b (i) (ii)
T b

a) Bearing wall b) Bending moment

Fig W3 Bearing wall subjected to vertical and

horizontal forces, and its bending moment

M,

"1[1 h
r=1.1

w w
P B P | P |
]‘lR -
b ]‘IR
h hy = 2o he h
'
Z 7 7.
Critical aspect ratio 7=0.5 r=1.0
Fig.W4 Aspect ratio (AL+Ar)/(2b) of each bearing wall
B !
]‘l; E
g
— 11[3 E
E
—
hy |h g
] —
=
| —
— M,
n
L b

Critical aspect ratio r=0.91
Fig W5 Aspect ratio A/b and critical wall ratio r. for 2 and 3 story bearing walls

W5) Calculation of reduction factor
Calculation of reduction factors of Fig. W6 is conducted as follows.
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1. Calculate aspect ratio rfor each wall (A, B, C + - +) as Fig.W4, and determine

reduction factor B according to the aspect ratio of each wall.

2. Calculate aspect ratio (A/6) of multi-story wall, and determine reduction factor

B according to the aspect ratio of the multi-story wall.

3. Reduction factor B of 1 or 2 to reduce the most is used.

Al 1A B c D
v :,I::',::'”,::::::::v::'::::::l;:::::::::':::::::::::::.::J:::
a) Single story wall b) Two story wall
i G F G
h D E h D B

i

¢) Three story wall d) Three story wall and
two story walls (D-F and E-G)
Fig.W6 Aspect ratio and reduction factor

W6) Calculation of wall ratios

The wall ratios for Fig.W7 is calculated as follows.
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7 3.525m 3.525m 4.4m
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[T T T T T T T il
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J o 2.0m
[.2m 3.6m Hlf
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0.15m p-*—*lg —0.15m
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| I 201’11
2.0m (1.6m) (24m) =
2 8m e L.ém |1.2m]| 1.6m |
|0
! l'zm;,%?i? _ (L.om) === : Bearing wall
20m | 32m | 20m || —— : Opening
705m : Bearmg wall line

Fig.W7 Bearing wall floor plan

(2.4m) or (1.6m) indicates the height of openings

Floor area is 7.05X8.34+4.4X6.15=58.515+27.06=85.575m?

Bearing wall length

The value in (()) indicates the reduction factor 3 depending on the slenderness ratio.

Story height A is 2.4m (distance between the top and bottom supports). Critical aspect

ratio is 1.0.

Effective wall length and wall ratio

(X direction)

2.0%((1.0)) X 2+(1.6+0.15) X ((1.75/2.4)) X 1+1.6 X ((1.6/2.4)) X 4+ 1.6 X ((1.6/2.0)) X 1+ 1.6

X ((1.0)) X 2+2.0 X ((1.0)) X 1=4.0+1.28+4.27+1.28+3.2+2.0=16.03m
Wall ratio: 16.03<0.15/85.575=0.0281—2.81% >2.76%
This satisfies the required wall ratio for the 1st floor of 2 story building.

(Y direction)

(1.2+0.075) X ((1.275/2.0)) X 1+(1.2+0.15+1.2) X ((1.0)) X 1+(1.2+0.075) X ((1.275/1.6)) X

1+(3.6+0.15) X ((1.0)) X 2+(2.84+0.075) X ((1.0)) X 1+(2.0+0.075) X ((1.0)) X

2=0.813+2.55+1.016+7.5+2.875+4.15=18.904m

Wall ratio: 18.904X0.15/85.575=0.0331—3.31% >2.76%

This satisfies the required wall ratio for the 1st floor of 2 story building.
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W) Bearing walls inclined from X or Y directions

Y

Ay
Aw
N\ 6

Ax

=X

Fig W8 Bearing walls inclined
Sectional area of bearing walls
X direction : Ax+Aw cos? 0
Y direction : Ay+Aw cos2( 7 /2— 0 )= Ay+Aw sin2

W8) Effective parts of bearing walls of upper story

A B C
<-~P — (= e . |<—~;> = =
: | | |
= =
Floor|slab or beam
. Orthogonal
Bearing wa Bearing wall

Fig. W9 Effective parts () of bearing walls for wall ratio calculation

Only an effective part of an upper story bearing wall, where there is a bearing wall
underneath, should be included in the calculation of wall ratios, e.g. the part be of Wall
Ain Fig.W9. Wall B in the same figure can be included to the wall ratio, since both ends
of the wall are supported by bearing walls underneath. Wall C in the figure is also can
be treated as a bearing wall, but the width of an opening should be excluded from the

calculation of the wall ratio.

W9) Bond beam

In case there is no slab that acts as a diaphragm (Fig.C1), a bond beam is required. The
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bond beam should sustain vertical and out-of-plane horizontal loads. The vertical load

can be supported by the RCHB wall on or under the bond beam.

=3 /
E [ 0E 1d2 ) s
I e : 7/

T L] 2d12 ’
E2r B ,’
S [ 3 __3 4d12 ’ b
qa | / ( )
°
s 1
S
e
@]

0o 1 2 3 4 5 6 7
Length between supports L (m)
Fig W10 Breadth of beam B and length of supports L

The out-of-plane load w for a bond beam may be assumed to be

w=k X p XhXt=1.0X20X3X0.15=9.0kN/m—10kN/m

(For a roof bond beam: 5kN/m)
Maximum bending moment of the bond beam is

Mmax=wL2/8=1.25L2 (for a roof bond beam: 0.62512)
Allowable tensile force of d12 bar is 26kN. Then, the allowable bending moment of
bond beam Ma is

Beam (1) 0.875%0.075X26 = 1.71kNm

Beam (2) 0.875(B—0.05) X 26kNm

Beam (3) 0.875(B—0.05) X 52kNm
For Beam (1), 1.2572=1.71, then L= 1.17(m). Therefore, Beam (1) can be used up to
the length of supports is less than L= 1.17(m) (for a roof bond beam 0.62512=1.71,
then L= 1.65(m)).
For Beam(2), 1.2522= 0.875(B—0.05) X 26, then B= 0.055.2+0.05. This is shown in
Fig.W10 Curve (a) (for a roof bond beam: 0.62512= 0.875(B—0.05) X 26, then B=
0.027512+0.05 that is shown in Fig. W10 Curve (b)).
For Beam(3), 1.2512= 0.875(B—0.05) X 52, then B= 0.0275.2+0.05. This is shown in
Fig.W10 Curve (b) (for a roof bond beam: 0.62512= 0.875(B—0.05) X 52, then B=
0.013722+0.05 that is shown in Fig. W10 Curve (c)).
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Background of Guideline for
Engineered Reinforced Concrete
Hollow Block (RCHB) Construction
- based on Experience in Japan -

Yuji Ishiyama, Dr.Eng.
Advisor, Hokkaido Building Engineering Association (HoBEA)
Professor Emeritus, Hokkaido University, Japan

CHB Construction in the Philippines and Japan

Reinforced Concrete Hollow Block (RCHB)
Improving Japanese Construction

In order to introduce RCHB construction to the Philippines,
Hokkaido Building Engineering Association (HoBEA) started
the project in 2018 that has been supported by the Ministry of
Land, Infrastructure, Transport and Tourism (MLIT) of the
Japanese Government.

The RCHB construction to be proposed is not a copy of
Japanese CHB construction, but it is the improved one.

The draft of the “Guideline for the Engineered RCHB
construction in the Philippines” has been prepared in
cooperation with Association of Structural Engineers of the
Philippines (ASEP) and HoBEA.

The background of the guideline will be explained.

CHB Construction in

¢ Concrete hollow blocks (CHB) are Japan after Tsunami

widely used in the Philippines for
low-rise buildings and also for
non-structural walls.

CHB construction in Japan is
strong against earthquakes,
tsunami, typhoon and fire.

Most of CHB units are manufactured
by small-scale factories with little
quality control, and the buildings of
CHB construction are often damaged
by natural disasters such as
earthquakes and typhoons.

The buildings of CHB construction
in Japan, on the other hand, are well
reinforced and have survived many
severe earthquakes, tsunamis and
typhoons.

CHB Construction in Japan

No columns are required.
No finishing is required on CHB walls.
(Walls may be covered with finishing materials.)
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Many houses of CHB
construction had survived
2011 Great East Japan
Earthquake and Tsunami.
On the other hand, most
wooden houses around there
were destroyed by tsunami.

Japanese practice
(stack bond)

Hollows of rebars only
are filled with cement
mortar.

Philippine practice
(running bond)

All hollows are filled with
cement mortar.




Conventional Japanese CHB
Construction

Strong structure, but
improvements are expected.
1.Simplification of bond beams
2.Simplification of floor and roof
slabs

3.Simplification of corners
4.Simplification of foundations,
etc.

The guideline is for improved
Japanese CHB Construction.

Philippines Basic CHB unit
Japan ) L
Both units look similar in
size and shape. The quality
is very different.

~

CHB units are more
environment-friendly.
Less energy!

Less air pollution.
Easily reinforced.

Various types of CHB units for less form work

Article 4. Foundation

1. RC continuous foundation for the bearing wall
lines of ground floor

2. Thickness of foundation wall =bearing wall
3. In accordance with NSCP Chapters 3 and 4.

Construction
of CHB house
in Japan

Less form work is
necessary to shorten
construction period and
reduce construction cost.

Proposal |
Improved Japanese
CHB construction
No columns
Bearing walls

Vertical and horizontal
rebars of db=10mm @400

Rebars of db=12mm at
wall ends and around
openings

Strong floor and roof slabs
(diaphragm)

No (less) bond beams

No (less) use of forms
Foundation of CHB units

Vertical load bearing capacity of CHB wall

Buckling stress
3.0 MPa

Allowable stress
1.4 MPa

Acting stress
0.4 MPa

More than 3 times
allowance

CHB walls have enough capacity against vertical load
(at least up to 3 story buildings).
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Out-of-plane capacity of walls and vertical rebars

a) b) c) d) e)

« Walls should be supported at top and bottom of walls against shear forces caused
by out-of-plane lateral forces, i.e. earthquakes, typhoons (see Figs.b,c,d).

« Vertical rebars should be continuous from the bottom to the top of walls.

« Vertical rebars need to be anchored but need not to transmit tension forces.

» For cantilever walls like fences (see Fig.e), vertical rebars should be anchored to
transmit tension forces, and the height should be ¥z of other walls.

CHB walls should be supported at top and bottom.

Article 7. Floor and Roof Slabs
1. Slabs of RC, i.e. diaphragm
2. In case no slabs, continuous bond beams

Bond beam

Bearing
wall

Bearing
wall

‘ slab

In-plane shear capacity of CHB bearing wall is
most important parts of the guideline against earthquakes.

Previous experiments of
CHB

shear strength of cracking
by Architectural Institute
of Japan (AlJ)

Design method Shear strength  MPa

Allowable strength design
0

Strength design
Using above strength the wall ratios have been calculated.
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Considering out-of-plane capacity
Height of CHB wall is given in this table.

Rebar and height of CHB wall

Vertical Rebar

d=10mm@400mm
3.73m

d=12mm@400mm
“k’ is the out-of-plane horizontal seismic factor

4. Upper story bearing wall supported by lower
story bearing walls

Structural calculation is required for c) and d).

How much bearing (shear) walls are required?
Base shear factor Cs according to NSCP

NSCP seismic code is equivalent to Japanese seismic
code in terms of design base shear factor.




Wall ratio for each story and direction

Bearing wall lines and bearing walls

Anchors of shear walls?
Lateral force P and uplift of the wall

« Lateral force P to uplift the wall considering vertical load W.

« Critical aspect ratio rc of wall, i.e. without uplift, neglecting
tensile strength of wall and vertical rebars
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5. Wall ratio of bearing walls = required

Table 1 Required design wall ratios of the story

Required design wall ratios satisfy NSCP seismic
forces. The values can be reduced down to ¥ using
better CHB units, stronger grout mortar, full grout, etc.

Bearing walls for 1 story of 2 story building

This satisfies guideline requirement.

Aspect ratio of wall and reduction factor

A) In case aspect ratio h/b= critical b

aspect ratio rc, no reduction is

necessary. 7 A
B) In case h/b=rec, reduce the

capacity of wall multiplying

reduction factor rc/r.

Bond beams and aspect ratio




Aspect ratio and reduction factor

Critical aspect ratio c=0.91
Reduction factor p=rc/r

Further Improvement of RCHB Construction
Proposal Il

1. Running bond and stack bond

2. Rebars first, then CHB units

3. Laying CHB units without joint mortar

4. Story high grout with super plasticized
mortar

New Construction with new unit  Using the same guideline

Table 2 Reduction factor B of bearing walls

Reduction factor g for slender walls
Critical aspect ratio

T m

1 story 2 story 3 story

Need not rely on vertical rebars and anchors preventing uplift of walls at design
earthquake level (they are effective to give additional capacity and ductility).

Japanese practice
Stack bond

Philippine practice

Running bond

CHB laying work by skilled workers
in Okinawa, Japan

It takes time to lay CHB units and grout mortar.



Experiments of story high grouting
with super plasticized mortar

Super plasticized grout, pored from the wall top, filled all
hollows, even concave hollows compressing trapped air.

Structural Safety of Engineered RCHB
Construction has been confirmed:

. Vertical load bearing capacity

. Out-of-plane capacity of CHB walls

. In-plane shear capacity of CHB walls

. Uplift of walls and reduction factor of shear
capacity of walls according to the aspect ratio

The Guideline has been proposed.

Thank you for your attention

Any comments or questions to
Yuji Ishiyama, to-yuji@nifty.com
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Inclination of CHB units with out joint mortar (by M. Watanabe)

0

(0]

Only a few units
need to be adjusted

The guideline proposed is applicable to not
only Proposal | but also Proposal I1.

I hope that RCHB construction will be prevailed
in the Philippines to give comfortable houses
and reduce damage caused by earthquakes,
typhoons, tsunamis, fires, etc.
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5.4 HATEE(R)I1cES< /1972 RCHB & ERFHFH
(1) BIE
BT e () 125K ED LH7e RCHB HEEENEH TEDDET AV DS 2 (B~ T D
Z&IZEo T RCHB EMFAEICR LT omEVE WL, 74V WTEE/S—2Z0D DX 1t
7 a7 ORIERGEIZEED > TS B REEOKKX S NEKO IZIRFHL T, 74UE D
RAHE LA EBINEE S B LT /72 RCHB I EE 0T P A it E 2Bk LT,
REPFEGIT, 7V AN T IR B - AR O A 45 5 il T SR A& A 2
INDAT, 5. BOFAN RN LOMIERFH ORI RLET LI LA BB LI,

(7 BFA1 )

(2) FEREH PR TEEDFREFBI (BRNEKO)
O FetbEoEEHEE

ZOEDET VL, 1 DOF—T 0 AR—ALEID Ry R )V — DN B 7 72 5 C
T, ZOFT L, FHSENOFIRIZH ST H720I12 4 NyRb— L& 2 7% T, FtE%R
ik T T NEE L IRT AL,

@ M- EE
SPACE 1F FLOOR AREA (SQM) FINISHING
PORCH 9.00 sqm ;lé);(:rg(lzén rough textured tile
GENKAN 3.00 sqm i);;;rgfén rough textured tile
LIVING DINING KITCHEN 30.00 sqm ﬁgffgaicf smooth textured tile
STAIRS 5.00 sqm Concrete tread, riser
SHOWER 1F 2.00 sqm 30x60cm textured tile
TOILET 1F 2.00 sqm 30x60cm textured tile
SERVICE AREA 8.00 sqm 20x40em rough textured tile
SPACE 2F FLOOR AREA (SQM) FINISHING
ROOM 1 12.00 sqm 10x90cm Vinyl tile wood texture
ROOM 2 9.00 sqm 10x90cm Vinyl tile wood texture
ROOM 3 7.00 sqm 10x90cm Vinyl tile wood texture
ROOM 4 7.5 sqm 10x90cm Vinyl tile wood texture
HALLWAY 6.5 sqm 10x90cm Vinyl tile wood texture
SHOWER 2F 2.00 sqm 30x60cm textured tile
SHOWER 2F 2.00 sqm 30x60cm textured tile
TOTAL 105.00 sqm
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(3) Effi&H 2D N ZADEREHE (BRINEKO)
O FetbEoEEHEE

ZDHT U ANTAL, FEREE CRERA—T VA= AR MBI FE T, A
DPIRNTZEIRANT D 2 Ny RL—LZATTT,

© mE-f kR
SPACE 1F FLOOR AREA (SQM) FINISHING
PORCH 1.50 sqm 40x40(}m rough textured tile
ceramic
LIVING DINING ITCHEN 90.00 sqm 10x90cm  Vinyl tile wood
texture
TOILET & BATH 2.00 sqm 40x40cm textured tile ceramic
LAUNDRY 4.00 sqm 40x40(}m rough textured tile
ceramic
SPACE 1F FLOOR AREA (SQM) FINISHING
ROOM 1 10.00 sqm 10x90cm  Vinyl tile wood
texture
ROOM 2 9.00 sqm 10x90cm  Vinyl tile wood
texture
HALLWAY 2.5 sqm 10x90cm  Vinyl tile wood
texture
TOTAL 49.00 sqm
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5.5 HfEYE (R) ICESEERE

5.3C RCHB H> ST () 2R LIS, AU SV T B 7 B EO MR 1T,

(1) ETFMEEDEZA T LHEET

T IERIES. AITTRENTZIRD 2 ZATTHY, WTNH 7 VE L TR THN TS RC FEE
T — AONE Iz ) — T a2 B RS LT (a3 7 7 A R A= ) — ks (P 305 E) |

TRFFESNT=T T 0% ZOFIHEUE (R) IZE AT 5392, 770550 T L oL T,

FEXAT O 2BECTAEEE | @ 2BEEYLATA
(1837, 467)
B SIE IR T 106.88 nt 155.63 nf
= 1 B%:3.0m 2 P%:3.0m 1 [%:2.95m 2 [#%:3.0m
g [Pl 150mm 150mm
RIS RC 1R B RS N TR X DY)
ZEER
R MK S-A# I RC A7~ 200mm RC M&EENGE (RT7721)
PEINC )0 X P EA G
2 P IRAE RC A7~ 200mm RC A7~ 150mm
ALk MEAREN B, —H T
FtEE RC 1A H:A RC &7 FaHfE
1 PR Tz 7V —MR ENEIENZARSNS

(&R TICLIfEEET V]
O 2 METFETESE
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@ 2 BEETETL TR

(2) & R
2= 70—y 27id, 1JISA5406 L= 7V —hTmy 7 |0 B fFH S EL TV D,
fift AR B R E
ay)—hTays JEAMETREE 12MPa F£& 390mm X &S 190mm X
(ZER 7 7 27) SIS D B FEAHY JEX 150mm
F)LH )L JEAETRAE 15MPa
B BURSBEIR AL 230MPa ®10, d13

@ HBAROHHa 7)) — T ay GO REL B N

(1) M DBED TG L~V TOKFEM I, B EICEDMIEEOFE BRI
TWD, Kl J1BED T AT R R | Z AU T AN J1% 75 %, FEARIIZ I /7
s>t T HFRAE OB EICITHIF L2, k> T P iz @13 LU FIcimz T
W5,

() AT TR OB ENBES T TND, 7o, AT T EFZ TR0 GEA TR VR ST 52
T, i TOMMALZ K> Tnd, OIZZEF =812, it I BES O H P isR 51251 > 5k
NEHRFLIRNZET, HN G O #h T T — A RS REL IR D72 280 i Wi 23 AT AR
7poTW5,
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ETIVEED 2BETFETEE

1LBEME
1-1 —f&EIR
BiE R —hJavoE
R 4 2BEET
REE 2[e& 53.44 m XiE:E L DRERE
16& 53.44 m
H 106.88 m
EREE RC& fn £ HE
HHEEES 150 mm
B 2[ 30m
15 30m
CBE#ES 2[& 2.8 m
1F& 28 m
KEHEE EiR RCEEIR 200 mm
2B R RC&FR 200 mm
1FE R RC& L fEK 150 mm
MALRE CcB 12 MPa
ELEIL 15 MPa
737 230 MPa
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2EBERHE

2-1 XAROEZKEHEE

(MBERDOTARIRE
B | 5@y %EE %Eﬁ%é 77E|3’r\°1’]l~
(mm) (mm)
2 Y1 4,400 6,000 1.36
Y3 3,350 6,000 1.79
Y4 6,400 6,000 0.94
Y5 2,150 6,000 279
Y6 6,400 6,000 0.94
1 Y1 6,400 6,000 0.94
Y2 3,350 6,000 1.79 H
Y3 3,350 6,000 1.79
Y4 6,400 6,000 0.94
Y5 2,150 6,000 279
Y6 6,400 6,000 0.94 B
(2) T NEEDT AR
B | @y BR BE '7k3|i BiO®h | BiO®Ehr | BOEh |7AXON RAE | RE7R | ERES E?ﬂ?kzlz
b t MTETEA (&) (&) (F15) ter2 r ~NYktkre B BrEiEAe
(mm) (mm) (mm2) (mm) (mm) (mm) max(r1,r2) (mm2)
2 Y1 4,400 150 660,000 2,800 1,800 2,300 0.52 1.36 1.00 0.73 484,000
Y3 3,350 150 502,500 5,800 5,800 5,800 1.73 1.79 0.91 0.51 255,312
Y4 2,150 150 322,500 2,800 2,800 2,800 1.30 1.30 1.00 0.77 247,634
3,350 150 502,500 2,800 2,800 2,800 0.84 0.94 1.00 1.00 502,500
Y5 2,150 150 322,500 2,800 2,800 2,800 1.30 2.79 0.91 0.33 105,162
Y6 4,000 150 600,000 2,800 1,000 1,900 0.48 0.94 1.00 1.00 600,000
800 150 120,000 1,000 2,800 1,900 2.38 2.38 1.00 0.42 50,526
B 3,030,000 2,245,134
1 Y1 800 150 120,000 2,800 400 1,600 2.00 2.00 1.00 0.50 60,000
800 150 120,000 400 2,400 1,400 1.75 1.75 1.00 0.57 68,571
800 150 120,000 2,400 2,800 2,600 3.25 3.25 1.00 0.31 36,923
Y2 800 150 120,000 2,800 2,000 2,400 3.00 3.00 1.00 0.33 40,000
1,550 150 232,500 2,000 2,800 2,400 1.55 1.79 1.00 0.56 129,813
Y3 3,350 150 502,500 2,800 2,800 2,800 0.84 1.79 1.00 0.56 280,563
Y4 2,150 150 322,500 2,200 2,200 2,200 1.02 1.02 1.00 0.98 315,170
3,350 150 502,500 2,200 2,800 2,500 0.75 0.94 1.00 1.00 502,500
Y5 2,150 150 322,500 5,800 5,800 5,800 2.70 279 1.00 0.36 115,563
Y6 2,200 150 330,000 2,800 2,000 2,400 1.09 1.09 1.00 0.92 302,500
800 150 120,000 2,000 1,000 1,500 1.88 1.88 1.00 0.53 64,000
800 150 120,000 1,000 2,800 1,900 2.38 2.38 1.00 0.42 50,526
i 2,932,500 1,966,129

2-2 YAROAKEHRERE

LT BEBRT AR Rl 2M2/88—2

(WEBEDOT AT
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w || #ER Amaz 7270k
(mm) (mm)
2 X1 8,700 6,000 0.69
X2 3,150 6,000 1.90
X3 8,700 6,000 0.69
1 X1 8,700 6,000 0.69
X2 3,150 6,000 1.90
X3 6,950 6,000 0.86
() NEDT AR
B | @y BR E 'JKEFz FOEh | AOShr | EOSh | 7ARIN| RAE B?:ﬁ7x LEREAER 5 ”ﬁﬁ‘)ﬂqu
b BT ERA (%) (H) (FF159) ter2 r Yk tEre B BrEfEAe
(mm) (mm) (mm2) (mm) (mm) (mm) max(r1,r2) (mm2)
2 X1 950 150 142,500 2,800 1,400 2,100 221 2.21 1.00 0.45 64,464
1,600 150 240,000 1,400 1,400 1,400 0.88 0.88 1.00 1.00 240,000
1,200 150 180,000 1,400 400 900 0.75 0.75 1.00 1.00 180,000
600 150 90,000 400 400 400 0.67 0.69 1.00 1.00 90,000
X2 3,150 150 472,500 2,800 2,800 2,800 0.89 1.90 1.00 0.53 248,063
X3 6,950 150] 1,042,500 2,800 2,800 2,800 0.40 0.69 1.00 1.00] 1,042,500
B 2,167,500 1,865,027
1 X1 950 150 142,500 2,800 1,400 2,100 221 221 1.00 0.45 64,464
1,600 150 240,000 1,400 1,400 1,400 0.88 0.88 1.00 1.00 240,000
1,200 150 180,000 1,400 400 900 0.75 0.75 1.00 1.00 180,000
600 150 90,000 400 400 400 0.67 0.69 1.00 1.00 90,000
X2 950 150 142,500 2,800 1,400 2,100 221 221 1.00 0.45 64,464
550 150 82,500 1,400 2,800 2,100 3.82 3.82 1.00 0.26 21,607
X3 8,700 150] 1,305,000 2,800 2,800 2,800 0.32 0.86 1.00 1.00] 1,305,000
g 2,182,500 1,965,536
2-3 B
wi| g | POKTEER | g | omx | pmes| ses | oW
(m) (m) (%) (%)
X 2 2.245 53.44 4.20 1.46 2.88 OK
1 1.966 53.44 3.68 2.76 1.33 OK
v 2 1.865 53.44 3.49 1.46 2.39 OK
1 1.966 53.44 3.68 2.76 1.33 OK
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(2) BrE AR &S

BREEMES ©) ) ®

BRHiESE EAZ KR KRZ
BAZE LN RTTHE) mm 200 200 200
M EARIE (BEE D2fE) mm 300 300 300
BARZ/RY L mm 1600 1850 2325
RCRST N/mi 4800 4800 4800
r— FRELF  IN/M 200 200 200
BEAE (N/m 1800 1800 1800
Hi N/m 6800 6800 6800
- FRAER /> /2 m 1.45 3.05 2.06
EAR D5 M E (K5) N/miiE 4930 10370 7013
EAZBEE(BEESD) N/mifig 720 0 0
2[ECBEE: N/milig 1800 0 0
EARDOMEE w N/mifig 7450 10370 7013
& kN/mitg 75 10.4 7.0

TR MHEE | AREE | jeo
i &R (&) kN=m 1.59 2.96 4.74
Rt xR kN+*m 0.79 1.48 2.67
imER () kN+*m 1.59 2.96 0.00
BEHORPHFRICHE ft N/mm2 153 153 153
AHEL d mm 150 150 150
IS AL ERERE mm 131 131 131
HER (&) [mm2 79 147 235
BEBCHE \pmgmmEa mR o 39 73 132
e (/) [mm2 79 147 0
ik (%) 2-912 2-912 3-d12
FH R 2-912 2-012 2-012
imER () 2-912 2-912 2-®12

4-2 mENAROBRE
2B RS EHIZRCRSTHD TEHER
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5257 D5t

BERERST
BERST e
s il Lx m 2.90
il Ly m 5.93
- FREMAEE w N/m: 6800
WX N/m 6431
=0 IHER Mx1 kN-=m 451
i R Mx2 |kN-m 3.00
LR =5 58 Myl |kN+m 238
g My2 |kN-m 1.59
A5TE t mm 200
AL 8 dx  {mm 160
ngjﬂ'b‘ i dy mm 150
I 2R e ER B i jx  imm 140
£ jy mm 131
BHORMBFBTCHE ft N/mm2 153
=il prop:il mm2 210
WHE SR R mm2 140
BiEfRat | g ImED mm2 118
R mm2 79
=i Uiy ®10@200
R ®10@200
[iR:7)]
il Uiy ®10@300
R ®10@300
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(BEB)MNBOFHEAWGHE

1.EMER
=53 a4 4L = =
i fi i kel oy B I
N RCRS57J it=200 71.78 48 3445 kBT
Bk, £ EF 71.78 0.4 28.7
2MERE IY1E 6.75 3.0 20.3
(E#$9) ivam 4.60 3.0 13.8
Y438 7.95 3.0 23.9
Y518 2.80 3.0 8.4
Y618 8.1 3.0 243
X118 10.69 3.0 32.1
X218 491 3.0 14.7
X338 10.22 3.0 30.7
JEMit 1B it=100 9.24 2.0 185
2MEEAO (Y1IE 2.00 0.4 038
(E#$9) ivam 0.00 0.4 0.0
Y438 0.80 0.4 0.3
Y518 0.00 0.4 0.0
Y618 0.64 0.4 0.3
X178 1.28 0.4 0.5
X218 0.80 0.4 0.3
X318 1.75 0.4 0.7
=1 562.7
2B 2BEER RCAS7 it=200 49.68 48 2385
TtEITF 49.68 0.2 9.9
PR ES 6.00 05 3.0
EHMAE (HthER 51.24 0.6 30.7
2MERE IY1E 7.15 3.0 215
(F#+9) iva@ 4.60 3.0 13.8
Y4 7.35 3.0 22.1
Y558 2.80 3.0 8.4
Y658 7.79 3.0 23.4
X178 9.41 3.0 28.2
X218 4.31 3.0 12.9
X318 10.57 3.0 31.7
JEMmT S1BE :t=100 9.24 2.0 185
2RERAO (Y1E 1.60 0.4 0.6
(F#+5) iva@ 0.00 0.4 0.0
Y438 1.40 0.4 0.6
Y55& 0.00 0.4 0.0
Y65& 0.96 0.4 0.4
X138 2.56 0.4 1.0
X258 1.40 0.4 0.6
X3& 1.40 0.4 0.6
1RERE  Y1E 4.61 3.0 13.8
(E+5) iv2s@ 3.88 3.0 11.6
Y3i@ 4.48 3.0 13.4
Y438 6.85 3.0 20.6
Y55& 2.80 3.0 8.4
Y65& 7.65 3.0 23.0
X178 10.05 3.0 30.2
X278 1.37 3.0 41
X3& 11.97 3.0 35.9
JEMmT S B2 (=100 0.00 2.0 0.0
1RERIA (YR 3.04 0.4 1.2
(E+5) ivas@ 0.60 0.4 0.2
Y3i@ 0.00 0.4 0.0
Y438 0.80 0.4 0.3
Y558 0.00 0.4 0.0
Y65& 1.56 0.4 0.6
X178 1.92 0.4 0.8
X278 2.76 0.4 11
X378 0.00 0.4 0.0
&t 631.5
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2B/ R UEEEAMGNE

BeAMDERE Co 0.2
EYES-HEN it 71 B DK R E i E¥E ARG HE
5 e LD HEEN HmEAN KE BHHKE - -
Wi Wi Pi A Ae
(kN) (kN) (kN) (mm?2) (mm2) | (N/mm2)i (N/mm2)
X 2 562.7 562.7 1125 3,030,000i 2,245,134 0.04 0.05 1, 239
1 631.5 1194.2 238.8] 2,932,500; 1,966,129 0.08 0.12 1, 99
Y 2 562.7 562.7 1125 2,167,500; 1,865,027 0.05 0.06 1, 199
1 631.5 1194.2 238.8| 2,182,500 1,965,536 0.11 0.12 1, 99

X T TFARIMLICESKEHEEOEREERLEVNGS
T2:7ARGMLIZL DK EHBEREDERESE BLI-GE (=REEIZLDEHE)

AWM AL, CBEADEMREREND/100RETHY .. KELRBERLTS,

<BE>
AARBREZS @RIy — M avIEDISEES
oy | PEEEAR
127 (N/mmXZ)
ATE 0.21
Bi& 0.26
cig 0.30
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ETILEEQ 2BETREEE

1HEEME
1-1 —H&=18
BiE W —rJavoE
Rk 2[EET
REE 2[& 7781 m X#E5E L DREE
16& 77.81 m
H 155.63 m
EREE RCi& i Bt
MHEEES 150 mm
= 2[& 30m
1F& 2.95
CBE#EE 2% 2.8 m
1F& 28 m
KFHEmE EiR RCIEFARED . BEHFENAYIERER
2[EPR RCi&FR 150 mm
1RE R RCi& L MR 150 mm
AR E cB 12 MPa
ELEIL 15 MPa
730 230 MPa
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2EBERHE
2-1 XAROEZKEHEE

(MEEOTARIRL
B | 5@y %EE %Eﬁ%é 77E|3’r\°1’]l~
(mm) (mm)
2 Y2 12,600 6,150 0.49
Y4 12,600 6,150 0.49 H
1 Y2 12,600 6,150 0.49
Y3 12,600 2,950 0.23
Y4 12,600 2,950 0.23
Y5 12,600 6,150 0.49 B
(2) T NBEDT AR
B | @y BR BEE ) 7k3|i FOSh | OGSk | AOSh | 7AXRIN| $2AE BDE??TX ER R 75?7]7};41
b t BTEEA (&) (&) (*F55) ter2 r RYJktere B ErEiEAe
(mm) (mm) (mm2) (mm) (mm) (mm) max(r1,r2) (mm2)
2 Y2 950 150 142,500 2,800 1,200 2,000 2.11 2.11 1.00 0.48 67,688
1,200 150 180,000 1,200 1,000 1,100 0.92 0.92 1.00 1.00 180,000
1,150 150 172,500 1,000 1,200 1,100 0.96 0.96 1.00 1.00 172,500
1,200 150 180,000 1,200 1,000 1,100 0.92 0.92 1.00 1.00 180,000
1,200 150 180,000 1,000 1,200 1,100 0.92 0.92 1.00 1.00 180,000
950 150 142,500 1,200 2,800 2,000 2.11 2.11 1.00 0.48 67,688
Y5 1,550 150 232,500 2,800 1,200 2,000 1.29 1.29 1.00 0.78 180,188
2,950 150 442,500 1,200 1,200 1,200 0.41 0.49 1.00 1.00 442,500
2,950 150 442,500 1,200 1,200 1,200 0.41 0.49 1.00 1.00 442,500
1,550 150 232,500 1,200 2,800 2,000 1.29 1.29 1.00 0.78 180,188
5 2,093,250
1 Y2 600 150 90,000 2,200 1,200 1,700 2.83 2.83 1.00 0.35 31,765
1,350 150 202,500 1,200 2,200 1,700 1.26 1.26 1.00 0.79 160,809
600 150 90,000 2,200 1,200 1,700 2.83 2.83 1.00 0.35 31,765
2,150 150 322,500 1,200 1,200 1,200 0.56 0.56 1.00 1.00 322,500
600 150 90,000 1,200 2,200 1,700 2.83 2.83 1.00 0.35 31,765
Y3 450 150 67,500 2,600 2,600 2,600 5.78 5.78 1.00 0.17 11,683
1,350 150 202,500 2,600 2,600 2,600 1.93 1.93 1.00 0.52 105,144
1,350 150 202,500 2,600 2,600 2,600 1.93 1.93 1.00 0.52 105,144
450 150 67,500 2,600 2,600 2,600 5.78 5.78 1.00 0.17 11,683
Y4 1,150 150 172,500 2,800 2,200 2,500 217 217 1.00 0.46 79,350
2,150 150 322,500 2,200 2,200 2,200 1.02 1.02 1.00 0.98 315,170
2,150 150 322,500 2,200 2,200 2,200 1.02 1.02 1.00 0.98 315,170
1,150 150 172,500 2,200 2,800 2,500 217 217 1.00 0.46 79,350
Y5 875 150 131,250 2,800 400 1,600 1.83 1.83 1.00 0.55 71,777
950 150 142,500 400 2,800 1,600 1.68 1.68 1.00 0.59 84,609
875 150 131,250 2,800 400 1,600 1.83 1.83 1.00 0.55 71,777
1,750 150 262,500 400 400 400 0.23 0.49 1.00 1.00 262,500
875 150 131,250 400 2,800 1,600 1.83 1.83 1.00 0.55 71,777
B 2,163,739

LT BEBRT AR rcld A
DI E—2 D H
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2-2 YAROEBEHKEHEE

(MEEOTARIRL
w || HEE AmEE |72k
(mm) (mm)
2 X1 6,400 6,150 0.96
X3 8,800 6,150 0.70
X5 8,800 6,150 0.70
X7 6,400 6,150 0.96
1 X1 6,400 6,150 0.96
X2 1,350 2,950 2.19
X3 8,800 6,150 0.70
X4 1,350 2,950 2.19
X5 8,800 6,150 0.70
X6 1,350 2,950 2.19
X7 6,950 6,150 0.88
(2) T ABRDT ARIL L
B | @y BR BE '7K3|i BFOSh | OGS | AOEh | 7AXRSL| HAE BOEEHJ'Z B R ﬁi‘i‘lﬂz@li
b BrEEA (&) (B (F14) Eer2 r RYkLbre B ErETEAe
(mm) (mm) (mm2) (mm) (mm) (mm) max(r1,r2) (mm2)
2 X1 800 150 120,000 2,800 1,200 2,000 2.50 2.50 1.00 0.40 48,000
2,400 150 360,000 1,200 1,200 1,200 0.50 0.96 1.00 1.00 360,000
800 150 120,000 1,200 2,800 2,000 2.50 2.50 1.00 0.40 48,000
X3 8,800 150 1,320,000 2,800 2,800 2,800 0.32 0.70 1.00 1.00 1,320,000
X5 8,800 150 1,320,000 2,800 2,800 2,800 0.32 0.70 1.00 1.00 1,320,000
X7 800 150 120,000 2,800 1,200 2,000 2.50 2.50 1.00 0.40 48,000
2,400 150 360,000 1,200 1,200 1,200 0.50 0.96 1.00 1.00 360,000
800 150 120,000 1,200 2,800 2,000 2.50 2.50 1.00 0.40 48,000
% 3,652,000
1 X1 3,200 150 480,000 2,800 1,200 2,000 0.63 0.96 1.00 1.00 480,000
2,000 150 300,000 1,200 2,800 2,000 1.00 1.00 1.00 1.00 300,000
X2 1,350 150 202,500 2,800 2,800 2,800 2.07 219 1.00 0.46 92,669
X3 8,800 150] 1,320,000 2,800 2,800 2,800 0.32 0.70 1.00 1.00 1,320,000
X4 1,350 150 202,500 2,800 2,800 2,800 2.07 219 1.00 0.46 92,669
X5 8,800 150] 1,320,000 2,800 2,800 2,800 0.32 0.70 1.00 1.00 1,320,000
X6 1,350 150 202,500 2,800 2,800 2,800 207 219 1.00 0.46 92,669
X7 3,200 150 480,000 2,800 1,200 2,000 0.63 0.88 1.00 1.00 480,000
2,000 150 300,000 1,200 2,800 2,000 1.00 1.00 1.00 1.00 300,000
5 4,478,008
2-3 BE
wi| B | PORTEER | g | omx | pmes| ses | oW
(m) (m) (%) (%)
X 2 2.093 77.81 2.69 1.46 1.84 OK
1 2.164 77.81 2.78 2.76 1.01 OK
v 2 3.552 77.81 456 1.46 3.13 OK
1 4478 77.81 5.75 2.76 2.09 OK

226




3.1l 0 B i e (4 558 A5 D AR B

RAET ARIELLT Ot DL, iFEEAYIFELCLEOD TEIo5RY AIFELLLY,

RATARYMEEBA DM AR OVNTIE, SHELZFE LAYV ANELLHH . ROEHIZK YR IR
DRI ERT D,

RAT ARV ZEBZ S DB DL TIK HERL TLY S,
FHENDEFELNYOWESZAHAMRELT, UTEHFTES.
DB IR DERXEDIHR
AT DHITRLEE

BRBEEREHRORMADORME (RAAROEEISHL TERARIZ3ME
NEEEZATD)

227



S|

4 RSTHEEAR - KRB DR

]

-1 EARFROBE
TR RENR - KRR

&

(&

SHAE i) I 1 1] E— 17

I I

9A

SA

VA

gA

¢A

X7

X6

X5

X4

X3

X2

X1

bl
R
=
ul
™
<
[=

4150

Xi

X6

X5

x4

X3

X2

X1

- BAE

2R PR

228



(2) R ET

BERMES @ @ ©)
Mg EAZR R KRE
EAZELVRSTAR) mm 150 350 350
gﬁﬁg BARIE (BEE D 21E) mm 300 300 300
BARR/SY L mm 1200 2800 1925
RCX3J IN/m 4800 4800 4800
o RiEEF  IN/mM 200 200 200
BHAE N/m 1800 1800 1800
&t N/mi 6800 6800 6800
- FRIER IS /2 m 1.44 2.90 0.53
EAR D7 M E (R5) N/miig 4888 9860 1785
EARBE(BBESD) N/miig 540 1260 1260
2RECBIEEE N/miig 1800 0 8400
EARDHMFTE w N/miig 7228 11120 11445
& kN/mii& 7.2 1.1 1.4
THEH MRERE | WHREE | g
il i (%) kN=m 0.87 7.27 0.00
R P KN*m 0.43 363 298
i () kN=m 0.87 7.27 5.30
BHORYHFBTCHE ft N/mm?2 153 153 153
BEL d mm 100 300 300
TG AL EEERE | mm 88 263 263
imER (&)  imm2 65 180 0
LESH | jmgmmrEEa bk mm2 32 90 74
=-fcA
imER ()  imm2 65 180 132
Ik (%) 2-012 3-012 2-D12
5 R 2-012 2-912 2-®12
Ik () 2-012 3-012 2-012
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4-2 ES AR O

REEEAZIZDNTHRETT D
- R N R S I .
” | | | | |
f 7 T
1y )
w —e— - — — —:1 --------------
1
BEHT 7A@ 0
S e < m—
S ) S
i
@ i ®
& — s — — —- —Ir ----- —kE — ——-
2 \
o0 1
S 400 ! 400
|
o
o B B e 1 1 )
I s !
| | |
; __| ......... .'_ ................ | ________
J_ 2075 J_ 2075 l 2075 J, 2075 J_ 2075 J_ 2075 l
T T T T T T T
n 4150 " 4150 N 4150 n
T | b | hd | b
X1 X2 X3 X4 X5 X6 X7
RISEAZAE
(1) Bt EHEIZ L DBA 2T
R ES @ @ ®
ERMFESE BN EAR BA22
b 7 - BAZHE LY mm 200 200 200
RNy BARR/SY L mm 4150 6250 6250
E\ZEig B Beam(2) imm 997 2198 2198
Beam(3) mm 524 1124 1124
REtIE Bd 550 1150 1150

For Beam (1), 1.2572=1.71, then L= 1.17(m). Therefore, Beam (1) can be used up to
the length of supports is less than 1.17(m).

For Beam(2), 1.2572= 0.875(8B—0.05) X 26, then B= 0.05572+0.05. This is shown in
Fig.W10.

For Beam(3), 1.2572= 0.875(8B—0.05) X 52, then B= 0.027522+0.05. This is also shown
in Fig. W10.
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() RBREICEHEAR M ER
HEMNERLEETHY . BIEFTEIN/NEVD T, BRICKYKRD S,

CBOEMKREE 20 kN/m3
KEEE K 1.0
BEEMES @ @ ©)
ML EAR EAZR EAZ
EAZELY D mm 200 200 200
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