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ABSTRACT: The high amount of steel bar reinforcement in beam-column joints causes congestion problem. Here, king cross steel profile, as an alternative to shear reinforcement in the joint of reinforced concrete beam-column, is proposed. This is achieved by simplifying the assembly of king cross steel profile implants at beam-column joints as a shear reinforcement, which could be expected to replace the transversal reinforcement and enhance the joint shear strength. Two sets of interior beam-column joint subassemblies with stirrup reinforcement (SJ) and with king cross steel profile reinforcement (KCJ) as the shear reinforcement in the joint were studied. The experimental result concluded that the average peak load of SJ specimen was higher than that of KCJ. However, KCJ had good performance and contributed to the shear strength of the joint. The performance and contribution of KCJ can be seen from the load carrying capacity above 6.7% in the positive direction and below 24.91% in the negative direction compared with SJ. The pattern of the crack occurred showed a severe failure in the joint panel of KCJ. In this study, the width of the web was twice that of the flange, but in future studies, the width should be enlarged until it sufficiently fills the entire joint section and the width of the web is about six times of the flange. This web enlargement and flange reduction were performed by considering the area of a cross-section of the king cross profile and the requirement of shear capacity of the joint installed. It was done to increase the shear strength of the interior beam-column joint subassemblies with KCJ.

Keywords: King cross steel profile, shear reinforcement, beam-column joint shear strength, interior beam-column joint, joint shear failure


1.           INTRODUCTION

The beam column joint (BCJ) is a crucial area where the transfer of loads from the beams to columns occurs. Seismic load causes a great shear force at the joints. This behaviour is very different when compared with the behaviour of joints due to gravity loads. The beams assembled at the joint resist the moment in the same direction due to seismic load, thus increasing the shear force in the joint. Therefore, the design capacity of the joint must be strong enough to ensure that the adjoining members achieve plastic deformation. In the interior joint, the action occurs in both directions, hence requiring a complex design.

The shear forces occurring at joints are resisted by the joint stirrup, together with the concrete through the truss and the strut mechanism in the design of the conventional BCJ. The failure of the joint should be avoided but to achieve this, the requirements for the joint shear stirrups are sometimes challenging. The demanding requirements cause the space of the stirrups so dense making it lower than the minimum allowable distance between reinforcement. The space between the densed reinforcement bars will cause incomplete consolidation, increased permeability and reduction of concrete strength.1

Chen and Lin experimented on the steel reinforced concrete (SRC) beam-column joint.2 The SRC beam-column joint is composed of concrete, a cross-sectional steel shape, longitudinal steel bar and transverse steel bar. A cross-sectional steel shape henceforth has been named king cross profile. Chen and Lin observed that the use of king cross steel profiles on reinforced concrete columns can enhance the shear capacity of the BCJ 40% higher than the use of H steel profiles.2 The use of king cross profile is expected to be able to reduce the use of joint stirrup to solve the congestion problem in the joint.

The king cross steel profiles can increase the shear capacity without enhancing the number of stirrups to avoid joint failure and ensure a strong column beam mechanism. The joint shear capacity is expected to reach the inelastic capacity of flexural beam and the mechanism of plastic deformation in design can be developed and maintained.3,4


2.           EXPERIMENTAL

2.1            Material Properties

The BCJ specimen has a compressive concrete strength of 40.6 MPa. The concrete mix consists of Portland composite cement (PCC), sand and the crushed stone of aggregated size passing through 10 mm. The reinforcement properties used on both specimen are similar except for the material on joint reinforcement as shown in Table 1.

Table 1:    Reinforcement properties of BCJ specimen.



	Details and material properties
	 
	Values

	Values




	Beam longitudinal bar
	Ratio (%)

	2.342

	2.342




	fy (MPa)

	423.68

	423.68




	Column longitudinal bar
	Ratio (%)

	1.787

	1.787




	fy (MPa)

	393.19

	393.19




	Transverse reinforcement
	fy (MPa)

	373.72

	373.72




	Concrete compressive strength
	f′c (MPa)

	40.6

	40.6




	Joint transverse reinforcement
	fy (MPa)

	387.9

	–




	King cross steel profile
	fyf (MPa)

	2

	257.39




	fyw (MPa)

	1.4

	207.39





2.2            Description of Test Specimens

Two sets of interior BCJ subassemblies were prepared for testing. Specimens were designed to the concept of failure at the joint to measure the strength of the joint. The joint of control specimen was designed base on Park and Paulay and the joint of king cross steel profile was designed base on Chen and Lin.2,5 The joint shear demand was used to design the specimen joint. The joint shear demand is:

[image: art]

where Vu refers to joint shear demand (kN), Ts is the beam tensile force calculated from the beam tensile bar (kN), Cs is the beam compression force calculated from the beam compression bar (kN), and Vc refers to column shear (kN). The shear capacity design of joint reinforcement (Vjh) was calculated by subtracting the joint shear demand (Vu) from the concrete shear capacity of joint (Vcr). The concrete shear capacity of joint (Vcr) and the shear capacity design of joint reinforcement (Vjh) ware calculated using the following equation:


[image: art]

and
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The installed joint shear capacity (Vn) was only less than half of the joint shear demand to achieve the joint shear failure Equation 4. Therefore, the joint shear strength be measured.
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The joint shear demand calculation obtained Vu = 581.599 kN (as shown in Table 2) and then the installed joint shear capacity was taken as Vjh = 372.106 kN (Table 2). If the joint reinforcement was stirrup or king cross profile then the shear capacity of stirrup and king cross profile taken as Vs = Vn = 93.03 kN and Vsw + Vsf = Vn = 93.03 kN. Table 2 presents the calculation of the shear capacity of the installed joint.

Table 2:    The calculation of the shear capacity of the installed joint.

[image: art]


The stirrup of specimen control is calculated by the following equation:
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and
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where Vs = Vn refers to shear capacity of stirrup (kN), s represents a space distance between stirrup (mm), bw is the depth of stirrup (mm), fy is the yield strength of stirrup (MPa), As is the cross-section area of stirrup (mm2), and d – d’ refers to the distance between the centroid of the top and bottom beam bar (mm).

The joint of king cross profile reinforcement (KCJ) to resist the shear force and was calculated through the following equation:
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and
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where Vsw is the shear capacity of web of KCJ (kN), fyw is the yield strength of web (MPa), H is the depth of web (mm), t1 denotes the thick of web (mm), fyf is the yield strength of flange (MPa), B is the depth of flange (mm), t2 is the thickness of flange (mm), and the dimensional details of king cross profile are presented in Figure 1.
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Figure 1:      The dimensional details of king cross profile.



The stirrup of joint and the king cross profile of joint design calculation is presented in Table 3.

Beam-column joint subassemblies were designed as beam column specimen with a stirrup reinforcement (SJ) and beam-column specimen with KCJ in the joint, respectively. The descriptions of the specimens are presented in Table 3 and the dimensional details of test specimen are presented in Figures 2 and 3.


Table 3:    Joint design calculation.
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Figure 2:      Dimensional details of beam-column joint with SJ.
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Figure 3:      Dimensional details of beam-column joint with king cross profile.



2.3            Test Set Up and Procedures

The schematic representation of the test set up is shown in Figure 4, similar to report by Wijaya.12 The specimens were placed in horizontal position on the surface of the rigid floor. The axial load was imposed at the end of the column above by using a hydraulic jack. The axial load magnitude was constantly kept at 180 kN during the test. It was less than af′cAg, where fc is concrete compressive strength of 35 MPa, Ag refers to the gross area of the column (90000 mm2) and α = 0.1 because the concrete shear capacity of joint has been calculated using Equation 2, not using the equation based on SK SNI-T-15-1991-03 as follows.6
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Figure 4:      Schematic arrangement of cyclic test set up.12
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Figure 5:      Load sequence diagram.




The concrete shear capacity of joint (Vcr) based on Park and Paulay considered the small axial load on the column compared to the Indonesia National Standard for concrete building with code number SNI 03-2847-1992.5 The hydraulic actuator capacity 100 kN was used for applying the cyclic lateral load at near end of the same column. The displacement imposed was recorded by linear variable differential transformer (LVDT) at a point on the side of the near end of the column. The magnitude of reversed lateral load was recorded at several cyclic loading stages as shown in Figure 5. The loading based on the force control cycle was carried out in several studies including by Marsono and Hatami, Rajaram et al., and Rajagopal and Prabavathy.7–9 Based on Federal Emergency Management Agency (FEMA) standard for determining the seismic performence characteristic of structural and nonstructural component with code number FEMA 461/2007, the force or displacement-controlled testing can be performed to control the performance of the component. Conceptually, the force loading history of the experiment does not conform to FEMA 461/2007, because the number of steps or increments in the loading history in FEMA 461/2007 are generally 10 or larger. Therefore, the cyclic loading stages in Figure 5 cannot precisely and accurately reflect the loop hysteretic curve, but they can still describe the behaviour of the two specimens.10

The pinned support located at the end of the bottom column and at both ends of the beams are the roller support. The setting of the pin support has been used in the study by Makmur and Wijaya, respectively.11,12 However, it turned out in that in this study that the support arrangement could not function as a perfect pinned support. At 8% drift loading, there was a downward vertical movement on the bottom end of the column.11,12

3.           EXPERIMENTAL

3.1            Crack Formation and Failure Mode

The typical crack pattern of control specimens SJ and KCJ was presented in Figures 6 and 7. In control specimens, the first visible crack appeared at the joint. Beam-column joint remained undamaged at low displacement level. With the increase in displacement level, diagonal tension crack appeared at the joint panel. This was followed by the crack formation in beam close to column interface with the increase in displacement. The failure mechanism was a mixing mechanism in which diagonal cracking in the joint panel was accompanied by a flexural damage in the beam. The yielding of stirrup reinforcement in joint occurred before yielding of steel reinforcement bar in the beam.
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Figure 6:      Crack pattern in control specimen SJ.






[image: art]

Figure 7:      Crack pattern in specimens with KCJ.



3.2            Hysteretic Response and Load Carrying Capacity

Load-displacement hysteretic curves of both specimen tests are presented in Figures 8 and 9. From the shape of the hysteretic loop, it could be observed that SJ and KCJ had pinching. The pinching illustrates that the mechanism of plastification of both specimens is unstable. Specimens SJ and KCJ suffered from the shear damage in the joint panel, hence no energy was dissipated. This has caused the form of hysteretic loops on both specimens to be pinched. On non-pinched specimens, the plastification mechanism is more stable. The mechanism of plastification on non-pinched specimen occurs by forming a plastic hinge and bending failure on the beam.13
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Figure 8:      Hysteretic curve for SJ.
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Figure 9:      Hysteretic curve for KCJ.




Table 4:    Peak load of test specimen under cyclic loading.



	 
	SJ

	KCJ




	Load (kN)

	Displacement (mm)

	Load (kN)

	Displacement (mm)




	Positive peak load
	51.5

	112.49

	55.2

	205




	Negative peak load
	–60.2

	166

	–45.5

	42





To obtain the peak loads of the test specimen, the envelop curve was drawn by connecting the peak loads at each displacement level in both positive and negative direction. Typical failure envelope of the specimen is presented in Figure 10. Peak load of all the specimens is presented in Table 3. It was observed that the peak load of SJ was higher than that of KCJ. However, the failure of the specimen on the loop hysterical curve could not be excellently represented, especially on the negative load. This occurs because the use of cyclic loading stage (Figure 5) did not conform to FEMA 461/2007 on the conceptual approaches for the development of force controlled loading history.
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Figure 10:    Failure envelope SJ and PJ.
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Figure 11:    Space of joint shear reinforcement of SJ
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Figure 12:    Space of joint shear reinforcement of KCJ.



The second reason the peak load of SJ specimen was higher than KCJ was that the section of king cross steel profile used was too small, hence it is not sufficient to fill the entire section, as shown in Figure13(a). Thus, the section of king cross was enlarged and fixed as shown in Figure 13(b).



[image: art]

Figure 13:    Illustrations of (a) the sufficient of king cross profile, and (b) the enlarged of king cross profile with the same of nominal area.



4.           CONCLUSION

In the beam-column joint with KCJ, the first crack was observed in the joint panel. It was found that the number of beam cracks in the specimen with king cross steel profile in the joint was fewer than the ones in control specimen SJ. It was also observed that the joint was damaged earlier compared with the beam. This was different from SJ where the joint failure was almost simultaneous or followed by beam damage. Hence, it can be concluded that the joint strength of BCJ control is still higher than the BCJ with king cross steel.

The load-displacement hysteretic curves for both specimen tests are presented in Figures 6 and 7. From the shape of the hysteretic loop, it can be observed that SJ and KCJ have pinching. The pinching illustrates that the mechanism of plastification of both specimens is unstable. Specimens SJ and KCJ suffered from shear damage in the joint panel rather than no energy to be dissipated.

The peak load of SJ specimen was higher than KCJ. This condition was caused by several factors. Firstly, as presented in Figures 11 and 12, the king cross steel only resisted the shear in the joint space between the top and the bottom of the longitudinal bar while the space above was left without any reinforcement or being empty. This was different from the SJ specimen. Secondly, the section of king cross steel used was so small so that it was not sufficient to fill the entire section. For this, the section of king cross should be enlarged.


KCJ has good performance and contributes to the shear strength of the joint. This can be seen from the load carrying capacity of KCJ specimens at 50.35 kN, 10% below the load carrying capacity of SJ specimens. On the other hand, the pattern of the crack occurred showed a severe failure in the joint panel of KCJ specimen compared with SJ.

5.           ACKNOWLEDGEMENTS

The authors gratefully acknowledge the funding provided by Directorate General of Research and Development, Ministry of Research, Technology and Higher Education, Republic Indonesia through Doctoral Dissertation Research Fiscal Year 2017 grant number 484/UN47.D/PL/2017.

6.           REFERENCES

1.      ACI 309 3R-92. (1992). Guide to consolidation of concrete in congested areas. Farmingham Hils, MI: American Concrete Institute.

2.      Chen, C. C. & Lin, K.T. (2009). Behavior and strength of steel reinforced concrete beam–column joints with two-side force inputs. J. Constr. Steel Res., 65, 641–649.

3.      Kadarningsih, R. et al. (2014). Proposals of beam column joint reinforcement in reinforcement in reinforced concrete moment resisting frame: A literature review study. Proced. Eng., 95, 158–171.

4.      Kadarningsih, R. et al. (2017). Analysis and design of reinforced concrete beam column joint using king cross steel profile. Proced. Eng., 171, 948–956.

5.      Park, R. & Paulay, T. (1975). Reinforced concrete structures. Wellington: John Wiley.

6.      SK SNI T-15-1991-03. (1991). Tata cara perhitungan struktur beton untuk bangunan gedung. Unpublished paper, Departemen Pekerjaan Umum, Yayasan LPMB, Bandung, Indonesia.

7.      Marsono, A. & Hatami, S. (2015). Evaluation of coupling beam behavior concrete shear wall with rectangular and octagonal openings. Appl. Mech. Mater., 735, 104–108.

8.      Rajaram, P., Murugesan, A. & Thirugnanam, G. S. (2010). Experimental study on behavior of interior RC beam column joints subjected to cyclic loading. Int. J. Appl. Eng. Res., 1(1), 49–59.


9.      Rajagopal, S. & Prabavathy, S. (2015). Investigation on seismic behavior of exterior beam column joint using T-type mechanical anchorage with hair clip bar. J. King Saud Uni. Eng. Sci., 27(2), 142–152.

10.    FEMA 461 (2007). Interim testing protocols for determining the seismic performance characteristics of structural and nonstructural components. Redwood City: Applied Technology Council.

11.    Makmur, M. (2015). Perilaku sambungan balok kolom pracetak interior untuk bangunan sederhana berdasarkan metode eksperimen. Master diss., Universitas Gadjah Mada, Indonesia.

12.    Wijaya, M. (2015). Retrofitting of reinforced concrete interior beam column joint using polyester resin concrete. Masters diss., Universitas Gadjah Mada, Indonesia.

13.    Roy, B. & Laskar, A. I. (2017). Cyclic behavior of in situ exterior beam column subassemblies with cold joint column. Eng. Struct., 132, 822–833.



OEBPS/images/Art_P192.jpg
(6)





OEBPS/images/Art_P40.jpg
Spectral Iiradiance (W m™ um)

100

10

01

0.01

Wavelength (nm)

10000

1000

100

10

(LT et () SOURIPRL| [R1390dS

1
200 300 400 500 600 700 800 900 1000 1100





OEBPS/images/Art_P75.jpg
Vi =2/3y/N./A,—0,1f.b;h. (9)





OEBPS/images/Art_P67.jpg
psSb. /[ fy (5)





OEBPS/images/Art_P24.jpg
1. Microwave Oven 7. Water Inlet Hose
2. Ceramic Reactor 8. Water Outlet Hose
3. Product Pipeline 9. Water Bath

4. Thermocouples 10. Pump





OEBPS/images/Art_P91.jpg
~Compressive Strength (MPa)

35

B

s

»

Comort cotane 250 kg/m et by cortent 0%

IREERE]

o0 om 002 03 004 o5

s il





OEBPS/images/Art_P133.jpg
bt St
58 &8

5

00000 00010 00020 00030
Strain (mm/mm)

o SAIB ———SA2B ———SA3B





OEBPS/images/Art_P168.jpg
Tane (0)

s

15

125

0

x

o e
—— regression

000

o

T
NaS.0. Concentration (M)






OEBPS/images/Art_P32.jpg
[}

I Microwaveoven 7. Stainless steel pipe
2. Ceramic reactor 8. Condenser

3. K-type Thermocouple 9. Flowm eter

4. Thermo contoller 10, Water box

5. il pot 11 Pump
6_Nitrogen gas Unit






OEBPS/images/Art_P8.jpg
5 10 15 2 25 30 35 4 4 50 55 60

Time (min)









OEBPS/images/Art_P176.jpg
Cam— Cam

=
Con

Extraction efficiency = X 100% 16






OEBPS/css/page-template.xpgt
                       



OEBPS/images/Art_P16.jpg
+ptand [¢)

o= 091

Beos ==+ sinf 2)





OEBPS/images/Art_P184.jpg
E8RBRSRR=





OEBPS/images/Art_P141.jpg
‘Compression strength (MPa)

0 2 40

60

Age of concrete (days)

—— W

Frosh Water

100





OEBPS/images/Art_P59.jpg





OEBPS/images/Art_P113.jpg
(a)





OEBPS/images/Art_P39.jpg





OEBPS/images/Art_P109.jpg
Lateral load (kN)

Ratio of the shear strength

Analytical
Test Test/analytical

VAV, W Ve
745 5498 5225 6854 8482 136 143 109 088






OEBPS/images/Art_P60.jpg





OEBPS/images/Art_P172.jpg
RCOOH + CH,0OH <<= RCOOCH, + H,0 (3)

=






OEBPS/images/Art_P87.jpg
Z

Drift Ratio (%)

10 05 o 05 10
45 "
Static brick
30 o masonry Infiled
tra
15
0
as Cyclicbrick
masoury nflled
A frame
a5
.
s 0 ES o [ 30 r

Displacement (mm)





OEBPS/images/Art_P125.jpg
2NaCl + Ca(OH); — CaCl, + 2NaOH (3)





OEBPS/images/Art_P1.jpg
Cooling system

Temperature
data logger

Thermocouples

Reactor

Liquid collector

Magnatron  Microwaveovan





OEBPS/images/Art_P161.jpg





OEBPS/images/Art_P206.jpg
&

IS

Water concentration (% v/v)

3 Quasi-steady-state, no
axial dispersion
25 ——— Quasi-steady-state,
with axial dispersion
2
40 45 50 55 60 65 70 75 8 8 90 95 100

Time (min)

&
&

IS

Unsteady-state, no.
axial dispersion

Unsteady-state, with
axial dispersion

Water concentration (% v/v)
s g

2

40 45 50 55 60 65 70 75 80 85 90 95 100
Time (min)





OEBPS/images/Art_P199.jpg
(—1+u(Az) —v)Cuo,;, + (1 —u(Ax))Cy, +

(14)





OEBPS/images/Art_P210.jpg
Reflection loss (dB)

= Zn0 120

® ZnO 160
—4—Zn0 200
—v—Zn0 240

< With CNT/Epoxy

Frequency (GHz)






OEBPS/images/Art_P44.jpg
Fresnel lens (concentrator)

Spectral transmittance





OEBPS/images/Art_P156.jpg
Relative Abundance

A

0 a0 g

Riibsations Sl (aiia)

0

s

e





OEBPS/images/Art_P28.jpg
—a—418W
——362W
= 25TW

10

20

e fuin}

35

a5






OEBPS/images/Art_P110.jpg
(b)





OEBPS/images/Art_P36.jpg
Gonduction





OEBPS/images/Art_P153.jpg
%T

-

cocon

C-Halkall.

3500

1500

1000

41





OEBPS/images/Art_P209.jpg





OEBPS/images/Art_P19.jpg
20 193
- e
Ete
s 144
74
2 106
£ .
g 8] 73
H
= 4]z A=
S i 08
-
o
¢ o Z0 30 4o s 6o

Milling Time (Hour)





OEBPS/images/Art_P196.jpg
~( A+ =) Cay 0 Oy =0 Gt =~

7(§+ o' 7@')0 it Cayy—0'Ci =

27Cain






OEBPS/images/Art_P179.jpg
CdCl*-+ 2(HR); « (CdCLsR,).(HR), + 2H™ (3)





OEBPS/images/Art_P12.jpg
(2)

3)

@

®)






OEBPS/images/Art_P136.jpg
00000 00010 00020 00030
Strain (m/mm)

e SLIK e SL2K = SL3K





OEBPS/images/Art_P72.jpg
Shear capacity of  Detail of stirrup Shear capacity of Detail of joint
stirup (77) of joint king cross king cross
Vo=V, Vil ) - Use the dimension of
2 Ve =Ve king cross profile
=03.03kN =1.03 Nmm™ =0303kN H=80mm

use the diameter of 1=2mm

the stirrup is 6 mm B=35mm

5= (Adfy)/ (be) ©=3mm

.74 mm Ve = fyuHa
use $6/66 S TEKN

2 suBul
5405 kN
= 07.808 kN
93.03 kN

Voo






OEBPS/images/Art_P188.jpg
3)





OEBPS/images/Art_P128.jpg
Average of

Afe of Load Compression Covtprision. “§ihibs szrfagc
Number  Code _oMect @) srength stength - elasticity  modulus
(Day) () (MPa) (MPa) elasticity
1 SAIK 90 560 3115 26230.59
Z SAXK 90 550 3112 30.19 2622062  25817.20
5 SA3K 90 500 2829 25000.38
4 SLIK 90 440 24.67 23343.50
5 SL2K 90 520 2943 26.85 2549549 2433730
6 SL3K 90 460 2645 24172.91
7 SLIB 90 460 26.03 23979.52
8 SL2B 90 380 2147 2427 2178031  23132.83
9 SL3B 90 450 2530 23638.65
10 SAIB 90 510 28.86 25249.15
11 SA2B 90 435 24.65 215 2333436 24527.54
12 SA3B 90 490 2829 24999.11






OEBPS/images/Art_P145.jpg





OEBPS/images/Art_P55.jpg
Load vs. Deflection (1.42 p,)

50

- 2

=
=30 137,203 —sae
3 30 82 DH142
3 - ——8305Q142

oo

= ~——Working Load 250kN

mn

®

N
o s w3 » B w»

Deflection (mm)





OEBPS/images/Art_P98.jpg
V.+ Vs

(3)





OEBPS/images/Art_P102.jpg
(6)





OEBPS/images/Art_P4.jpg
HR (*C/min)

16
1

o @

o~ &

—a—s18W
——362W
257w

10

15

2

25 30

Time (min)

35

20

4

50 55






OEBPS/images/Art_P21.jpg
60

50

20
Milling Time (Hour)

140

() oz

s anlleIskiD uealy





OEBPS/images/Art_P94.jpg
e oom .

i

= Fowm

H
i

20m 2

"o L mcmroon one X
I } H-

(a) (b)






OEBPS/images/Art_P64.jpg
V.=0.20Vs

(4)





OEBPS/images/Art_P121.jpg
Damage type bridge components

Bridges
Beam Deck Pillar Abutment

Deflection  Crack Crack  Spalling Defiection Pop-out ~Settlement Pop-out

Maris 0 10 10 10 2 5 4 10
Nayu 0 5 2 2 10 2 10
Toanmsito 0 3 7 0 5 2 5
Tongke 0 2 2 2 4 5 2 5
Kajen 0 3 2 2 0 3 2 5






OEBPS/images/Art_P51.jpg





OEBPS/images/Art_P202.jpg
(1 —4+u(Az) —v+Mo)Cy; + (1 —u(Azx)) Co; +vCy = MoCly;+y  (17)





OEBPS/images/Art_P47.jpg
5 8 8 &8 8 3

‘Heat radiation each bulb lights (Watt.nm)
°

‘The amount of heat radiated by halogen, xenon and
incandescent against delta wavelength band

@ Hlogen == Xenon  =mse==Incandescent

19 10 14 12 39 14 17 23 26 37 17 20 28 10 30
delta wavelenght band (m)






OEBPS/images/Art_P164.jpg
9 (pE) + V.(00E +p)) = V. (kg VT — b+ (2..0)) + S [





OEBPS/images/Art_P181.jpg





OEBPS/images/Art_P79.jpg





OEBPS/images/Art_P83.jpg
Spacewith
shear
reinforcement

Spaceofint.
hear
reiforcement

Spaceth
ahear
reinforcement






OEBPS/images/Art_P117.jpg
(b)





OEBPS/images/Art_P167.jpg
|

206 310 £ £ )






OEBPS/images/Art_P213.jpg
%

60 7
Tenmperature (°C)

0






OEBPS/images/Art_P124.jpg
3Ca0.2510..2H.0 + Ca(OH)» ?)





OEBPS/images/Art_P41.jpg
o o B

° .® ...i

L E

® E
E

REPETTTY BT BT =
10 100 1000

concentration (suns)





OEBPS/images/Art_P84.jpg
Emotysoace
without shese
reorement

Soaceofjint
her
ritorcamant






OEBPS/images/Art_P68.jpg
A= sS)/((d—=4d')f,) (6)





OEBPS/images/Art_P185.jpg





OEBPS/images/Art_P203.jpg
Cur-1;+ (—1—v+Mo)Cuy; +vC; = MoC iy (18)





OEBPS/images/Art_P25.jpg
@)

)|+ A= o1+ (e0AT) @





OEBPS/images/Art_P90.jpg
30000

25000

20000

15000

10000

5000

2

e Cement content 250 kg/m3
— e Cament content 300 kg/m3
—— Cament content 350 kg/m3
—o— Cament content 400 kg/m3

w0 60 50

I i G

100





OEBPS/images/Art_P56.jpg
Load (kN)

1

Load vs. Deflection (164 p,)

5
Deflection (mm)

2, 881583
e, 23885

=

0

s

—sscies
——r
—s70sa1es

—— Working Load (2454N)





OEBPS/images/Art_P173.jpg
— = hCiCa= kaCeCy @

= kaexp(— E./RT) (5)





OEBPS/images/Art_P207.jpg
ZnS0, + Na,CO; + TH,0 = Zn(CO;) + Na,SO, + H,O (1)

Zn(CO;)

nO+2C

2)





OEBPS/images/Art_P2.jpg
Lo

e = 2 X 100% &

P = [mey (2T |+ [BA(T ~ T +[e0AT'] @





OEBPS/images/Art_P13.jpg





OEBPS/images/Art_P80.jpg
Load (kN)






OEBPS/images/Art_P114.jpg
c Duim-xammzmm






OEBPS/images/Art_P157.jpg
Yield

9%

92

88

84

50

20

=t = 150 pm
—6—200 1pm
oD 250 1pm

235 30 35 40
Temperature





OEBPS/images/Art_P99.jpg
=0.17AV £ b.d (4)






OEBPS/images/Art_P142.jpg
Cam— Cam
(um

Exctraction efficiency = X 100% 16





OEBPS/images/Art_P191.jpg
vapour, G f

Caout






OEBPS/images/Art_P139.jpg
£ 8 5 4

=4

=

E

£

%

£

g

g

£

S Seawater (dy) | Seawater (we| Pt vater | Fresh water

(dry) (wet)

wAge 28 Days| 2942 2520 2841 2319
WAge 90 Days| 2685 2427 30.19 2727






OEBPS/images/Art_P108.jpg
‘Shear Foroce (kN)

-100

S s






OEBPS/images/Art_P74.jpg
P

g
§
=
¥
]
HHl 5
at P
5
uae B eaw wom L waw
& l
e

g






OEBPS/images/Art_P130.jpg
Stress (MPa)

s

o
00000 00010 0.0020 00030  0.0040

Strain (mm/mm)

—— ST 1B = S[ IR =S 3R





OEBPS/images/Art_P31.jpg
—&—Coconut shell char

30 —>—Wood char
—e—Nochar

b4

2

15

1

. T —

5

0

5 10 15 20 25 30 35 40 4 50 55 60

Time (min)






OEBPS/images/Art_P189.jpg
@)





OEBPS/images/Art_P146.jpg





OEBPS/images/Art_P129.jpg
00000 0.0010 00020 00030 0.0040
Strain (mm/mm)

e QAR e SAIB e SATB





OEBPS/images/Art_P103.jpg
Ve = Apfy

(7)





OEBPS/images/Art_P180.jpg
y=22856x +4.1744
R2=0.9425

16

14 12

Log [D2EHPA]

12

08
06
04
02

02

04

i

S





OEBPS/images/Art_P63.jpg
(3)





OEBPS/images/Art_P208.jpg
o z0
0O zncos






OEBPS/images/Art_P3.jpg
10

2

50

)

Pyrolysis.
Zone

Tonwezans

| rescupzn





OEBPS/images/Art_P20.jpg
10000

—6on
5000 |-
v
i
10008 F
—an
5000 |-
vfr oy v,
T v 2
10008 5
- — 251
?
2 5000 ¥
) L R 1
E ok b4
%’mnas F 3 =
] —1oh
: k_L
£ v
v






OEBPS/images/Art_P163.jpg
Voltage (V)

10

" exp.
regression
-0,0836x+40,588
.
100 15 200 250 300 350 400

Time (s)





OEBPS/images/Art_P120.jpg





OEBPS/images/Art_P29.jpg
—&— Coconut shell char

—&—Wood char

—o—Nochar

0 10 20 30 40 50 0
Time (min)





OEBPS/images/Art_P89.jpg





OEBPS/images/Art_P46.jpg
Qui= | €A0(T¢-TL)0A+ [ cAo(Ti-THoA+
2 )

Iy i

| edo(mi-1)02+..+ [ cAo(Ti-T4)ad

» e






OEBPS/images/Art_P118.jpg
i






OEBPS/images/Art_P135.jpg
Stress (MPa)

00000 00010 00020 00030
Strain (mmmm)

- SAIK ———SA2K ———SA3K





OEBPS/images/Art_P178.jpg
)





OEBPS/images/Art_P95.jpg
0.2(

3 4 5 6 7 8
Curvature ductility factor, ¢,/

10





OEBPS/images/Art_P7.jpg
HR (°C/min)

—e—MC=11%

s MC=28%

10

20

5 30
Time (min)

35

20

a5

50 55






OEBPS/images/Art_P214.jpg
93

87 ; ¥ ¥
6 9 12

Molar ratio methanol/oil (mole/mole)





OEBPS/images/Art_P52.jpg
B2DH142
(450kN)

Strainx 10°

s,
Buss
=

0

Depth (mm)

B6 DH164
(a58KN)

Strainx 10°

Depth (mim)

B3 DSQ142 (421

20000

kN)

Strainx 100
o

10000

B7 DSQ164 (481

5000

Depth ()

kN)

Stainx 10¢

B4 DHSD142 (407
kN)

Stranx 10°
s o swo

oepth (mem)

4000 2000 000

——c12
s
—seliCic

(370N

Depth (mm)






OEBPS/images/Art_P78.jpg





OEBPS/images/Art_P195.jpg
—(u" —0")Cpij+ u ' Cpisyj— ' 0 ©)

)

w' Cav-r;—(u' —v)Can;—v'Cs

(10)





OEBPS/images/Art_P35.jpg
—e—solid
—8— Liquid
—&—Gas

70

s 2 2 g g
2 8 §8 8 R®

(3m%) s39npoId JO PIBIA

450

425

400

375

350

325





OEBPS/images/Art_P152.jpg
(ww) Ayspseg

CMC Content (%)





OEBPS/images/Art_P18.jpg
Intensity (cps)

"






OEBPS/images/Art_P107.jpg
100 ¢

50

€0 0 1w W
P T—

B @ 50 e

yoanar,
v-reso

Vo,

7 rms25





OEBPS/images/Art_P204.jpg
_&lAx) _ F
Mo = " = T haz






OEBPS/images/Art_P93.jpg
(b

(©)





OEBPS/images/Art_P166.jpg





OEBPS/images/Art_P50.jpg





OEBPS/images/Art_P123.jpg
3Ca0.2510:.3H.0 +3Ca(OH). (1)





OEBPS/images/Art_P42.jpg
CA(Ts—T4) W] (1)





OEBPS/images/Art_P115.jpg





OEBPS/images/Art_P158.jpg
Distrbution Coefficient

‘Temperature





OEBPS/images/Art_P212.jpg
5 & %
9%

S

S

P





OEBPS/images/Art_P85.jpg
(b)






OEBPS/images/Art_P143.jpg





OEBPS/images/Art_P100.jpg
smoteross

oom s w50 somn

(a) (b)





OEBPS/images/Art_P69.jpg
(7)





OEBPS/images/Art_P186.jpg
—a¥sax| ()






OEBPS/images/Art_P26.jpg
Time (min)





OEBPS/images/Art_P30.jpg
HR {°C/min)

5 &L B8 K 8

o

—&— Coconut shell char
——Wood char
—e—Nochar

5 10 15 220 25 30 35
Time (min)





OEBPS/images/Art_P73.jpg
=k

¥

H

H

at Ta

D

5|
—— 1]

wam

Seima Soiontis

e

an
e | |3 rowes
s






OEBPS/images/Art_P190.jpg
(5)





OEBPS/images/Art_P14.jpg
5.0 OEsperiment A

s o AEsperiment B
40 OFsperiment C
Olrchard (1953) A
o8
% A
£ Adrchard (1959)B
g 8 OArchard 1953 C
s
Surkar A
L 54 °
57 ASukarB
Z1s é OSurkar ¢
10 ‘OKauzlarich and Willams A
05 ARauzlrich and Willams B

OKauzlarich and Williams C
100 200 300 400 00 600 x10°

Sliding Distance (mm)






OEBPS/images/Art_P131.jpg
Stress (MPa)

0
00000 0.0010 0.0020 00030 0.0040

Strain (mm/mm)

e SAIK e SAZK  ——— SA3K





OEBPS/images/Art_P57.jpg





OEBPS/images/Art_P174.jpg
76

64

60

Aatdoc
®ats0°C

mat60°C

5
9% Catalyst

10





OEBPS/images/Art_P138.jpg
Wet Dry Density of  Density of
weight  weight  Absorption  wet weight wet weight
Number. Code  condition  condition condition  condition
kg kg (g em) (gem?)
1 SAIK 13.60 13.40 2507.66 2470.78
2 SA2K 13.50 1330 150 2524.60 2487.20
3 SA3K 14.00 13.80 145 2654.06 2616.15
4 SLIK 11.50 1130 177 2161.37 2123.78
5 SL2K 12.00 11.80 1.69 2251.53 2214.00
6 SL3K 11.00 10.80 1.85 2107.46 2069.14
7 SL1B 10.80 NA NA 2107.43 NA
8 SL2B 11.50 NA NA 2159.14 NA
9 SL3B 12.00 NA NA 2044.11 NA
10 SAIB 13.70 NA NA 2547.69 NA
1 SAZB 13.00 NA NA 2419.15 NA
12 SA3B 13.00 NA NA 2504.88 NA






OEBPS/images/Art_P88.jpg
Ductility = -AA% [





OEBPS/images/Art_P10.jpg





OEBPS/images/Art_P62.jpg
.29,/ 'c/(1+0.29N, /4,)

)





OEBPS/images/Art_P53.jpg
Load Approaching Failure (kN) vs. Strain

—sic1an
B20H102
000 _g3psiz

Load (kN)

=== BaDHSDIE2

toad (N}

B60HISH

— -s70sa184

Strainx 10¢

®





OEBPS/images/Art_P162.jpg
g

»
®
o
aw
g © Hotreacor
T S ol
i w Hot reactorregresson
H o et egrsdon
)
S o2
w = 0055811477
o R'=09917
" e T A SRR

0 s 10 1% 20 250 300 30 40





OEBPS/images/Art_P200.jpg
Cuv-1;+ (—1—0)Cuy; +0C4

(15)





OEBPS/images/Art_P170.jpg
— Dsitration M7 FIA. M KOH
T 8pl=1000: (¢






OEBPS/images/Art_P45.jpg
Li

1t bulbs

Spectrum ranges

(100 W) Transmittance spectrum wavelength impinges on PV Reflectance spectrum wavelength impinges on TEG

[]

Xenon

w

Halogen

Incandescent






OEBPS/images/Art_P38.jpg
vise m%

%00 so0 0 700 w0 900 1000 Angle of Incidence = 45
Wavelength (nm)






OEBPS/images/Art_P198.jpg
Chi-1;+ (—2+uw(Az) —v)Caij + (1 —u(Az)) Chisrj +20Cs =0 (13)





OEBPS/images/Tbar.jpg





OEBPS/images/Art_P119.jpg





OEBPS/images/Art_P81.jpg
Load (kN)

20

200

Displacement (mm)

00





OEBPS/images/Art_P151.jpg
8 1 & °
oiesuof3

25

20

15

10

CMC Content (%)





OEBPS/images/Art_P77.jpg
Cycles number

o

3 292°58988

(NY) peop





OEBPS/images/Art_P215.jpg
3 6
“Time (min)





OEBPS/images/Art_P17.jpg
B=,Bi—B} 3)





OEBPS/images/Art_P34.jpg
60

g

5

:
£
§
5
3
£
5
2

i
——
-
s s
—
_—
_—
e
—
—6—Solid
]
—a—cas
25 350 a7 400 a5 150

Temperature (°C)

s





OEBPS/images/Art_P194.jpg
B (A B ®)





OEBPS/images/Art_P49.jpg





OEBPS/images/Art_P147.jpg
%///«////////////%

ooooo
~(04) AU WONIBIIXT

10 1 "

H of External Phase

9





OEBPS/images/Art_P177.jpg
S





OEBPS/images/Art_P96.jpg
(1)





OEBPS/images/Art_P134.jpg
Stress (MPa)

8

8

8

00000 00010 00020  0.0030
Strain (mm/mm)

e S[IB =———S[2B ——SL3B





OEBPS/images/Art_P104.jpg
7, (N) o ()

JACO IR ACORRC IR A IR ACO R A B I Ca e S

5498 3504 100 1721 1628 3257 6854 84.82






OEBPS/images/Art_P6.jpg
1

»

0

e bk

0

50

£

Pyolysis
zone

1 owingzone

F rescupzen





OEBPS/images/Art_P70.jpg
(8)





OEBPS/images/Art_P15.jpg
Wear Volume (mm’)

40

s
30
25
20
15
10

0s

ool

0 100 200

B
8

300 400
Sliding Distance (mm)

(=)

> 0o >

500

OExperiment A
AExperiment B
OExperiment C

DArchard (1953) A
AArchard (1953) B
OArchard (1953) C

OSarkar A

AsakarB

OSarkar C

OKauzlarich and Williams A
AKauzlarich and Williams B

OKauzlarich and Williams C
600 x10°





OEBPS/images/Art_P132.jpg
Lo 2 4
58 R 8

8

H

0
00000 00010 00020 0.0030 0.0040

Steain (mim/mm)

e SLIK e SLIK = SL3K





OEBPS/images/Art_P175.jpg
orversion (%)

.

Ratio Moiar Methanal o FEA






OEBPS/images/Art_P92.jpg





OEBPS/images/Art_P205.jpg
Water concentration (% v/v)

Water concentration (% v/v)

6
s
4
3
- Quasi-steady.-state, no axial
2 dispersion
Quasi-steady-state, with axial
1 dispersion
0 L . 1
40 45 50 55 60 65 70 75 80 8 90 95 100
Time (min)

- Unsteady-state, no axial
dispersion
Unsteady-state, with axial
dispersion

4 45 S0 55 60 65 70 75 8 8 90 95 100
Time (min)





OEBPS/images/Art_P23.jpg
-

Mean Crystallite-Size (nm)

o)

a

e
32

500 600 700 800 900 1000
Annealing Temp. (°C)






OEBPS/images/Art_P140.jpg
‘Compression strength (MPa)

b

B

HE8RE

o

0 20 4
Age of concrete (days)

e N

60 80

e T el Wates

100





OEBPS/images/Art_P183.jpg
y=2.3444x +5.1126

R 09598, /g

2
Log [TOA]

-5






OEBPS/images/Art_P9.jpg





OEBPS/images/Art_P58.jpg





OEBPS/images/Art_P159.jpg
ConRmaiClie

||y 4

O |

Koe






OEBPS/images/Art_P116.jpg





OEBPS/images/Art_P106.jpg
Drift Ratio x 10*






OEBPS/images/Art_P33.jpg
—e—Solid
—a— Liquid
—a—Gas

R

2 2 2 2 g
2 8 8 8 8

(3m9) s39npoId JO PIBIA

°

450

425

400

375

350

325





OEBPS/images/Art_P149.jpg
5
p
&

Blos

<

04

03

02

0.1

o]

——MB
—a—Others

10

20
Extraction Time (min)

30

40





OEBPS/images/Art_P150.jpg
35
5

£
2

-§25
$ 2
%

e
g0
H
0

|

29.988

10 15
CMC content

20

25





OEBPS/images/Art_P76.jpg
(suo1 o1)

o

uajsks

o0y pilu

'
i

==

S





OEBPS/images/Art_P193.jpg
@





OEBPS/images/Art_P126.jpg
Age

Average

Load  Compression -
Number oo gihy ) swessh SmEeon Modin (RN
) D) ~ S

1 SAIK 28 510 2724 24529.61

2 SAZK 28 490 2743 2841 24617.82 2504287

3 SA3K 28 540 30.56 25981.16

4 SLIK 28 550 3112 26220.62

5 SL2K 28 520 29.04 2942 25326.64 2548749

6 SL3K 28 490 28.10 2491522

7 SL1B 28 460 2542 23695.18

8 SL2B 28 420 2393 2522 22989.86 2359837

9 SL3B 28 425 2631 24110.06

10 SAIB 28 375 2122 2165097

1 SA2B 28 450 2540 23.19 23685.86 22618.51

12 SA3B 28 410 2296 2251871






OEBPS/images/Art_P160.jpg
Motor ™ Motor

Black-reaction vessel

@ ®) ©





OEBPS/images/Art_P211.jpg
Wi
= Copp-2100% 6





OEBPS/images/Art_P86.jpg





OEBPS/images/Art_P43.jpg
[eaoiri-120 ®





OEBPS/images/Art_P144.jpg





OEBPS/images/Art_P155.jpg
mole jraction of solute wn the extract phase 1
“mole Fraction of solute in the raf finale phase [¢)

Distribution of Coefficient =





OEBPS/images/Art_P112.jpg
(a) (b)





OEBPS/images/Art_P187.jpg
(2)





OEBPS/images/Art_P27.jpg
HR (°C/min)

10

—a—418W
——362W
—25TW

10

2

hineBuki

35

a5

50 55






OEBPS/images/Art_P61.jpg
Is+Cs— Ve

(1)





OEBPS/images/Art_P169.jpg
1. 0il mixture
2. Methanol

3. Condenser

4. Thermometer

5. Heater-stirrer

6. Packed Reacve Distillation
7. Mixer

8. Power regulator

9. Reboiler





OEBPS/images/Art_P111.jpg





OEBPS/images/Art_P37.jpg
10T cutotf Wavelength - &%

8

& 8

8

recion of TEIPY subststem ()

0s 000 2000 3000 4000

Cutoff Wavelangth(nm)

Spectral lraciance (W'm'

——— AM1 50 Spectral Imadiance.

Wavelength (nm)





OEBPS/images/Art_P137.jpg
Density

Wet Dry iwe  Demsityof
Number  Code  weight  weight Absorption et et weight
condition  condition oo condition
kg kg (gem) (gem)
1 SAIK 1370 1350 240692 237179
2 SA2K 13.70 1350 148 255686 251953
3 SAIK 13.10 1290 155 244656 240921
4 SLIK 13.80 13.60 147 260307 256534
5 SLIK 14.00 13.80 145 260593 2568.70
6 SL3K 13.40 1320 152 255315 251504
7 SLIB 13.80 NA NA 2533.26 NA
8 SL2B 13.70 NA NA 258429 NA
9 SL3B 1350 NA NA 2786.28 NA
10 SAIB 1350 NA NA 254648 NA
1 SA2B 13.00 NA NA 2445.64 NA
12 SA3B 13.40 NA NA 2517.65 NA






OEBPS/images/Art_P5.jpg
—a—d18W
——32wW
—-25TW

10

15

2

5 3

Tivwe Gl

35

')

25






OEBPS/images/Art_P54.jpg
Calculated  Caleulated Ratioof  Ratio of
Seum ultmate  oltimate Lo Falwe  failure  failure load
flexural  shear load, P load (k) loadto  fo ultimate
load (kN)  Vaas (kN) Vaas flexural load
BIC142 292 296 Shear failure 293 0.98 1.00
Gradual
B2DH142 289 537 compression 450 0.84 1.56
failure
Gradual
B3DSQ142 289 537 compression 421 0.78 146
failure
Gradual
B4DHSD142 289 537 compression 408 0.76 141
failure
B5C164 327 296 Shear failure 370 125 113
Gradual
B6DH164 323 537 compression 459 0.85 142
failure
Gradual
B7DSQI64 323 537 compression 482 0.90 149

failure






OEBPS/images/Art_P97.jpg
@)






OEBPS/images/Art_P71.jpg
= ,\ﬂ
I

/A

il
“M *





OEBPS/images/Art_P101.jpg
Vs+

Ve





OEBPS/images/Art_P11.jpg
(1)





OEBPS/images/Art_P171.jpg
——= X 100%
()






OEBPS/images/Art_P154.jpg
Legends:

Motor

Slab stand
Stirrer

Flask

Baffle
Thermometer
Tmpeller

Hot plate

e






OEBPS/images/Art_P197.jpg





OEBPS/images/Art_P148.jpg
[Extraction Efficiency (%)

100
90
80
70
60
50
40
30
20
10

—e—HCI0.1M
—E-HC102M

——HC103M
—=—HCI04M
—%=HC10.5M
——HCI10.6 M

5

10 15 20 25
Extraction Time (min)

30





OEBPS/images/Art_P122.jpg
Bridge components proportion

Bridges  Beam Deck Pillar  Abutment Rating  Meaning
33.75%  1625%  25% 25%

Maris 50.00 10.00 3545 30.00 3486 Bad
Nayu 10.00 4913 3545 30.00 2772 Bad
Transito  64.94 16.37 39.09 50.00 4685 Medium
Jongke 7545 6048 39.09 50.00 5756 Good
Kajen 53.63 37.14 3909 50.00 4641 Medium






OEBPS/images/Art_P105.jpg





OEBPS/images/Tbar1.jpg





OEBPS/images/Art_P82.jpg
80
60

&0

E

200

Displacement (mm)

400

T





OEBPS/images/Art_P22.jpg
Intensity (cps)

6000
3000

6000
3000

6000
3000

6000
3000

6000
3000

E = =PRI, [ qo00ec
Faall R sl il
< » 900°C

ke e

30

a0

50
20 (Deg.)

60

70





OEBPS/images/Art_P201.jpg
Caimjt (= 2+ u(Az) —v+ Mo) Cuj +
[ ~ul Ae) )Y Cisis kol ooy

(16)






OEBPS/images/Art_P65.jpg
Stages of the nominal of the shear
capacity of the installed joint

The calculation

Beam moment design (142)

Columa shear force (7))

Beam tension (%) and compression
force (C)

The shear force design of joiat (75)

The concrete shear capacity of joiat

The shear capacity design of joint
reinforcement (7)

The installed joint shear capacity

()

My = Anaf,(d—a/2)

=51.15 kNm
M0 = Anef,(d—a/2)

=86.7 kNm
Vi=VatVa

= (Myss+ Myo) (1/1+ he /281.)
=51005 kN

s
= 21089 kN
=afds
A2LTTEN

V.=T:+Cs— Ve
581.599 kN V

=020y 7o/(T+

=209.49 kN






OEBPS/images/Art_P48.jpg
S o
A< 900 mm + B<7900 mm + 900 mm
-
a) 5l O
H‘ 2700 mm ol
150mm | Legend 150 mm
* Location of Concrete Strain Gauges. 30 COVER
X Location of Strain Gauges on Steel 2immfor dovbie
200 mm 200 mm helix and 124x124
f——— h—————]/  for double square
2H12— T
Shear Span — 300 mm

Links
(See Table 1)

A

e sz

D e T}





OEBPS/images/Art_P165.jpg





OEBPS/images/Art_P182.jpg
2H™+ CdClF_+ 2R:N < (R:NH),CdCly (4)





