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About Us

McDB Co., Ltd. is an engineering firm established in 2018 by group of expertise
engineers. We are professional engineering firm licensed by the Council of
Engineers Thailand (COET) with wide range of experiences in many uses of
residential, hospitality, commercial, and industrial in both Thailand and Cambodia.
From 2022 onwards, we expand our services to the Civil Work & MEP engineering by
establishing MC MEP Co., Ltd. which is subsidiary of McDB.

At McDB, service culture is at the core of our business. We sincerely hope that we
can use our knowledge and expertise to help our clients to have a successful

project.



About Us

m'wwsgm‘r/vdq/zymw/am .4, o o
Tuoymaiillil ¥oudhs
R IRV OUAAID)

RAREAR Y i
I\Zw%@i;zywwdszﬂ@ﬁ%%?f/anmmu@w
9 \oeen/bd
m%um'fiﬁl o sunay Jodbd T Jo sy lodbd

o
¢/

(nudlygums )
! o i
g




Fully Prefabricated Concrete Structure : Technology Transfer to McDB Co,, Ltd. ‘

For a Lvely World

'I' A I s E I (‘\ " e UsH 1AiE weurlu anm
35% USEN poudaunui sow nalulad Siia
$ (‘g Consultants of Technology Co., Ltd. j‘> gﬂ» KPCPREFAB

B’r’rerfly Estate at Tuen Mun, Hong LS
Kong 13th Asian Games Dormitory,
Thailand

N
1
e
—— — — — — — — — — — — — — —

“Standing on the shoulders of giants”
Using the understanding gained by major thinkers who have gone before in order to
make intellectual progress
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Project Information

Ease Condo Rama 2 Phase 2 & 3 Project

Residual Building 12 & 18 stories [Fully Prefabricated Concrete System]
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The Key Phetkasem 48 Project

Residual Building 30 storeys 639 units [Fully Prefabricated Concrete
System]

Parking Building 6 storeys

Utility Area approx. 35,000 sg.m.
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R18.5—Intermediate precast structural walls
Connections between precast wall panels or between

wall panels and the foundation are required to resist forces
18.5.1.1 This section shall apply to intermediate precast struc- induced by earthquake motions and to provide for yielding

tural walls forming part of the seismic-force-resisting system. in the vicinity of connections. If mechanical splices are used a

to directly connect primary reinforcement, the probable
strength of the splice should be at least 1.5 times the speci-
fied yield strength of the reinforcement.

18.5—Intermediate precast structural walls

Building Code Requirements “isison

for Structural Concrete
(ACI 318-19)

ACI 318-19

=
-
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18.5.2 General

18.5.2.1 In connections between wall panels, or between
wall panels and the foundation, yielding shall be restricted to
steel elements or reinforcement.

18.5.2.2 For elements of the connection that are not
designed to yield, the required strength shall be based on
1.58, of the yielding portion of the connection.

18.5.2.3 In structures assigned to SDC D, E, or F, wall
piers shall be designed in accordance with 18.10.8 or 18.14.

12.5.3.6 For diaphragms that are interconnected precast R12.5.3.6 This Code does not contain provisions for
elements without a concrete topping, and for diaphragms untopped diaphragms in buildings assigned to Seismic
that are precast elements with end strips formed by either Design Categories D, E, and F. Diaphragm shear in untopped
a cast-in-place concrete topping slab or edge beams, it shall diaphragms can be resisted by using shear-friction reinforce-
be permitted to design for shear m accordance with (a), (b), ment in grouted joints (FEMA P751). Required shear-fric-

or both.

{a) The nominal strength of grouted joints shall not exceed
0.55 MPa. Reinforcement shall be designed to resist shear
through shear-friction in accordance with 22 9. Shear-fric-
tion reinforcement shall be in addition to reinforcement
designed to resist tension due to moment and axial force.

{b) Mechanical connectors crossing joints between precast
elements shall be designed to resist required shear under

anticipated joint opening.

tion reinforcement is in addition to reinforcement required
by design to resist other tensile forces in the diaphragm, such
as those due to diaphragm moment and axial force, or due
to collector tension. The intent 1s to reduce joint opening
while simultaneously resisting shear through shear-friction.
Alternatively, or additionally, mechanical connectors can
be used to transfer shear across joints of precast elements.
In this case, some joint opening should be anticipated. The
mechanical connectors should be capable of mamntaining
design strength under anticipated joint opening.

T = Transverse
L = Longitudinal
V = Vertical

P = Perimeter

Fig. R16.2. 5—Tpical mrangement of integrity fies in lavge panel structures.



Code Requirements for
the Design of Precast
Concrete Diaphragms
for Earthquake Motions
(ACI 550.5M-18) and

Commentary

Reported by Joint ACI-ASCE Committee 550

ACI 550.5M-18

1.2—Scope

1.2.1 This standard shall apply to precast concrete
diaphragms and collectors that are part of the seismic-force-
resisting systcm in structures assigned to SDC C. D, E, or
F. It is pennissiblc to usc this standard for the design of the
same clements in structures assigned to SDC B.

1.2.2 This standard shall apply to precast concrele
diaphragms, including a) through c):

a) Diaphragms that consist of a cast-in-place composite
topping slab with a thickness of less than 75 mm on precast
concrete members

b) Diaphragms that comprise precast concrete members
with end strips forined by either a cast-in-place composite
topping or edge beams

¢) Diaphragms of interconnected precast concrele
mcmbers without cast-in-place concrele topping.

5.2—Diaphragm seismic design force

5.2.1 Diaphragm seismic design forces for Seismic Design
Category (SDC) C, D. E. or F shall satisfy a) or b):

a) For diaphragms consisting of cast-in-place noncom-
posite topping slab on precast concrete members, forces
shall be determined in accordance with Scctions 12.10.1 and
12.10.2 or 12.10.3 of ASCE/SEI 7-16, as appropriatc.

b) For all precast concrete diaphragms defined in 1.2.2,
forccs shall be determined in accordance with Scction
12.10.3 of ASCE/SEI 7-16

CODE

CHAPTER 7—DIAPHRAGM CONNECTIONS AND
REINFORCEMENT AT JOINTS

7.1—General

7.1.1 Precast concrete diaphragm connections and rcin-
forcement at joints shall be assigned to a deformability clas-
sification based on reverse cyclic tension tests conducted in
accordance withACI 550 4M-18.

7.1.2 Precast concrete diaphragm connections or rein-
forcement at joints shall be classified as low, moderate, or
high defornability elements in accordance with Table 7.1.2.

Table 7.1.2—Connection deformability
classification

Element deformability | Deformability based on ACT S50.4M-18 testing
Low Less than 8 mm
Moderate Between 8 mm and less than 15 mm
High 15 mm and greater




Qualification of Precast
Concrete Diaphragm
Connections and
Reinforcement at Joints
for Earthquake Loading
(ACI 550.4-18) and
Commentary

(ACI 550.4R-18)

Reported by Joint ACI-ASCE Committee 550

ACI 550.4-18

1.2—Scope

1.2.1 ACI 550.4 defines the minimum testing requirements
and the acceptance criteria for different performance levels
for connections or reinforcement at joints where used to
connect precast concrete DT members subject to earthquake
loading. Extrapolation of qualification results for connec-
tions and reinforcement at joints obtained using ACI 550.4
is not permitted. Project details shall match details qualified
using ACI 550.4.

() Inverted Tee B Diaphragm Connection Detail
Spandrel-

-
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Structural Wall
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(¢) Dry Chord Connection

Fig. R4.1a—Typical double-tee diaphragm system with chord and web connections.



Guide for Emulating
Cast-in-Place Detailing
for Seismic Design

of Precast Concrete
Structures

FReported by Joint ACI-ASCE Committee 550

Reapproved 2017

ACI 550.1R-09(1/

— MECHANICAL SPLICE
i

/' — THREADED MECHAMICAL SPUCE OR INSERT

wo ssL | CONCRETE FLOOR SLAB:
1. S0UD SLAB éMlLD STEEL
OR PRESTRESSED)
- 2. S0UD SLAB WITH TOPPING
T (MILD STEEL OR PRESTRESSED)
3. PRESTRESSED HOLLOW-CORE SLAB
WITH TOPPING.
\ 4, MAY ALSD BE USED WITH TOPPED
‘— STIRRUPS OR UNTOPPED TEE BEAMS
“ NTEGRAL LEDGER BEAM 3. CAST IN PLACE SLAB

—, IN PRECAST WALL

Fig. 5.7—End detail of a monolithic connection between
precast concrete floor element and a precast concrete wall.

considered by the engineer as an alternative to the commonly
used welded or bolted connections, which are not emulative.

MECHAMICAL CONMECTIOM IN COMDUIT EMBEDDED MECHANICAL SPLICE
L GROUT
. y PANEL SET AFTER
RALL P 4 — WECHANICAL SPUCE MECHANICAL SPLICE C.LP. CONCRETE TOPPING

-

HAS BEEN COMPLETED

COMDUIT CAST IN AND PARTIALLY CURED
WALL PANE] o DPFTIONAL GROUTING FORT SHIM & GROUT CLP. MECHANICAL SPLICE
s BEDDING TOPPING

ZHN & GROUT PANEL SET ON SHIMS

MECHARICAL, ILAPPED, PRIOR TO C.I.P. TOPPING
o WELDED SPLICE ~— LCLP. ar PHECHST

FLOGE SLAR BEARING STRIP

MECHANICAL SPLICE

A~ EROUT or CONCRETE
ADARNG STRP — (1%

MECHANICAL SPLICE

PANEL SET AFTER

C.LP. CONCRETE TOPPINC
HAS BEEN COMPLETED
& PARTIALLY CURED

. 11 [
- {5 GROUT
COMDUIT CAST 1N — N MECHANICAL or

WALL PHKEL WELDED CONNECTION

BEARING STRIP

Fip. 5.2—Veertical bars in condwit are spliced and the system is SN & NG

eromted. (Procedures: (1) wall panel is erected, but held high:
(2} lpose vertical bars in the panel being erected are spliced
fo protruding bars from below: (3) panel is lowered o correct BEARING STRIP
elevation: and (4) conduit is grouwted by gravity flow from op
ar throweh optional growting port from botfom of panel.]  Fig. 5.3—Several types of mechanical splices for connection of various configurations of
(Note: Welded and lapped splices must be located more than  precast walls and floors. (Note: Welded and lapped splices must be located more than Zh
2h fwhere h is floor thickness] from the face of wall. Mechan- [where h is floor thickness] from the face of wall. Mechanical splices must be Type 2 if less

ical splices must be Tepe 2 i less than 2h from face of the wall.) than 2 from face of the wal.)

HOLLOW CORE
PLANK

C.L.P. CONCRETE
IN VOIDS

(c) PARTIAL DEPTH KEYS

Methods of developing monelithic longitudinal i_oints between
side edges of unfopped precast concrete floor slobs
(see below for recommended reinfarcing)



Minimum Design Loads and 1210 DIAPHRAGMS, CHORDS, AND COLLECTORS
Diaphragms, chords, and collectors shall be designed in accor-

Associated Criteria for dance with Sections 12.10.1 and 12.10.2.
Buildings and Other Structures EX CEPTIONS:

ASCE STANDARD |. Precast concrete diaphragms, including chords and collec-

tors in srectures assigned to Seismic Design Categones O,
[, E, or F, shall be designod in accordance with

ASCE/SEI

-16 _ Section 12.10.3. S

Table 12.2-1 Design Coefficients and Factors for Seismic Force-Resisting Systems Table 12.10-1 Diaphragm Design Force Reduction Factor, R
Structural Sy Limitati Diaphragm System Shear-C Fi c
Including Structural Height, h, (ft) Limits®
Cast-in-place — 1.5 2
:lizi?msta{:::; Response Deflection Selemic Design Category concrete
Requirements Modification Overstrength Amplification designed in
Seismic Force-Resisting System Are Specified Coefficient, R* Factor, 2% Factor, C4° B c D® E° F' accordance with
Section 142 and
A. BEARING WALL SYSTEMS ACI 318
1. Special reinforced concrete shear walls®" 14.2 5 s 5 NL NL 160 160 100 Precast concrete EDO" 0.7 0.7
2. Ordinary reinforced concrete shear walls® 14.2 4 4 4 NL NL NP NP NP designed in BDO” L0 1.0
3. Detailed plain concrete shear walls® 14.2 2 Wh 2 NL NP NP NP NP accordance with RDO* L4 L4
i i 18 142 1% M4 1% NI NP NP NP NP Section 14.2.4
|5_ Intermediate precast shear walls® 14.2 4 M5 4 NL NL  40° 40'  40¢ and ACI 318
6. Ordinary precast shear walls® 37 3 % 3 NL NP NP NP NP Wood sheathed - 30 NA
7. Special reinforced masonry shear walls 14.4 5 W4 34 NL NL 160 160 100 designed in
8. Intermediate reinforced masonry shear walls 14.4 kL M5 M4 NL NL NP NP NP ;‘Z‘;f:"f:;’;ﬂ‘d
9. Ordinary reinforced masonry shear walls 14.4 2 2V 134 NL 160 NP NP NP AWC SDPWS-15
10. Detailed plain masonry shear walls 14.4 2 2V 134 NL NP NP NP NP
11. Ordinary plain masonry shear walls 14.4 1%2 24 1% NL NP NP NP NP :’ED() is precast concrete diaphragm elastic design option.
12. Prestressed masonry shear walls 14.4 1% Wa 134 NL NP NP NP NP BDO is precast concrete diaphragm basic design option.
13. Ordinary reinforced AAC masonry shear walls 14.4 2 W 2 NL 35 NP NP NP RDO is precast concrete diaphragm reduced design option.
14. Ordinary plain AAC masonry shear walls 14.4 1Y2 2V 1Y2 NL NP NP NP NP
15. Light-frame (wood) walls sheathed with wood structural panels rated for 14.5 (i35 3 4 NL NL 65 65
shear resistance
16. Light-frame (cold-formed steel) walls sheathed with wood structural panels 14.1 [i35] 3 4 NL NL 65 65
rated for shear resistance or steel sheets

17. Light-frame walls with shear panels of all other materials 14.1 and 14.5 2 2Ya 2 NL NL 35 NP NP

18. Light-frame (cold-formed steel) wall systems using flat strap bracing 14.1 S 2 3 NL NL 65 65 6h



Seismic design of
precast concrete

Fig. 5.56 shows another possible connection detail. The transverse hoops protruding from insertion of angle

5 o [l
. . . . .. . i 8 (2 bars
3 = the wall panels overlap. making it possible to have a narrow vertical joint. This arrangement A E;
. . = : . 3 A
is most suitable when the wall panels are connected through a cast-in-place side strip or are ;/G E
: - - : : e A et e
embedded in the foundation beam. Fig. 5.57 illustrates the use of wvertical wall panel .’f/-A.’///..(/A{x./Aﬂé A SR,
connections in the construction of three low-rise theatre buildings. The vertical connections e s s a7
between wall panels in the buildings in the foreground and background have already been cast 1
and some temporary inclined props have already been removed as the partially completed roof
i

- structure provides stability. The walls in the middle building have not been cast yet and the
b u ' I e t ' n 2 7 gaps between the walls are clearly visible in the photo.

(a) Vertical joints between walls

In-situ concrete in
walls and millings

Precast wall
/7 panef

Comugated
duct

Connection bars wall

Lapping
bar

(a) Horizontal cross section “Connection bars in the £

floor mill
Corrugated ég?:’"g
duct
—
-~ b In-situ concrete
Precast wall — Dritted ve ELEVATION in walls and milling
= 2in (PSmmi 5| pansl [ Roughened
: Suies Reinforcing

Ly

i bars
| Ly
___Groutin /
o tube |
4_%
P L -5 = 1
7 Tilt-up panel \
Foundation ——— Cast-in-place PLAN

'b) Elevation c) Vertical cross section A
* © concrete joint

Fie. 5-50: Wall-foundation beam connection throueh erouted ducting (b) Wall-to-floor joints

in the: floor

Connection bars of
continuous walls

1 ITTEYY

Fig. 5-56: Vertical connection detail between walls: Connection with overlapping hoops

Fig. 5-46: Tvpical connection details in large panel construction (Courtesy of M. Menegotto)



confinucus vertical
reaniomr amanl adgacent
10 peaned ends wilin full
hesght metal ducts

e

Figure 4.2: Nearly monolithic precast wall construction vertical joint of the
SCT System, Yugoslavia (Reference 4.12)

relocated bar with 10 mm
minimum clearance

bar in centre
of duct

Section

Figure 6.10: Column bar and duct clearance

Typically, ductdiameters range from two to three times
the nominal diameter of the grouted bar. (The Canadian
Prestressed Concrete Institute [6.2] recommends three
bar diameters for the internal duct size.)
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Mechanical lap splicing for rebars

OKABE Splice Clip joint
(OS Clip joint)

Connection for Precast-concrete walls Connection for Precast-concrete slabs

Copyright (C) 2010 OKABE Co.,Ltd.. All rights reserved. 9

Multi-cyclic bending test for RC columns

As the result of multi-cyclic bending test of RC columns;
specimen A: hoops using OS Clip joints
specimen B: hoops using flare-welding splices
«OS5 clip joint eith almost equal performance with buckling-
constraint of longitudinal rebars and confined
-effect of core-concrete compared with hoops using flare
-welding splices.

It is expected that hoops using OS5 Clip joints shoe effective
performance in plastic hinge area.

™ e |
A) Hoops with OS Clip joints  B) Hoops with flare-welding splices
Photo) Plastic hinge area after loading

Copynght (C) 2010 OKABE Co.,Ltd.. All nghts reserved.
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ave = 2.3.1 Continous Shear Key Joints
-2 TYRENS
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IFir

f
Phasel | Prowlle

Figure 2.8: Working phases of a key joint (Cholewicki, 1975).

1. Phase I: This phase shows the behaviour of the joint when moment gives rise to
splitting along one edge of the wall.

2. Phase II: This phase shows the behaviour of the joint after splitting in two stages,
before and after the appearance of the diagonal cracks.

The diagonal cracks correspond to the direction of longitudinal cracks or principal
stresses caused by longitudinal shear stresses, in both phases. The splitting of the
key joint does not mean that it is a failure. The shear forces can be hapy
transversal reinforcement in the joint (Cholewicki, 1971).

Shear Stiffness and Capacity of Joints Between Precast
Wall Elements, TYRENS

Iy

-
'
L)

L

C

a) Distributed b) Concentrated

Fig. 260 Deformation of joints between longitudi-
nal and transverse stability girders with different
reinforcement arangements [73]

igure 2.16: Elevation and section through reinforced shear key joint (Herfelt et al.,

2016).
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Loop connections between precast concrete
components loaded in bending

1 Introdoction

This report s concerned with an investigation of the strength and behaviour of
connections formed between precast concrete floor slabs by means of looped re-
inforcing bars and in-situ concrete placed in the joints. This type of connection is
shown schematically in figure |,

A loop connection, i.e., 4 joint constructed in this wav, may fail as a result of three
possible canses:

a. wvielding of the steel;
b, crushing of the compressive zone of the concrete;
¢, cracking of the in-situ concrete in the joint at the overlapping loops.

Fig. 1. The loop connection investigated {schemalic).

The usually methods of analysis for flexurally loaded structural members are appli-
cable to the failure modes (a) and (b). For failure to occur in accordance with (c) a
number of factors are involved, the influence of which is difficult to quantify. The
following possible factors can he mentioned (see also Fig. 1)

a. the guality of the in-situ concrete in the joint;

b, the lap length £, of the loop:

¢, the bar diameter f;

d. the quality of the loop steel;

e the quantity of transverse reinforcement 4., in the connection;
the concrele cover o)

@, the distance s between two adjacent pairs of loops;
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