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SUMMARY

The objective of this research is to develop a economic PSC beam by mono
tendon using 2160MPa high strength strands and mono anchor block, consequently,
following three can be achieved, (1) 10% reduction of CO2 by developing an
optimized PSC beam using high strength material; (2) 20% reduction in height of
the girder and improvement in aesthetics; (3) Improvement in construction quality
and durability. In order to achieve the goals, a new concept of PSC beam using
unbonded mono tendon and mono anchor block is devised. Then verification in
terms of strength, design, fabrication, and site construction is conducted. From the
research, the followings will be obtained as an research output, (1) PSC beam
system using unbonded high strength mono tendon; (2) 35Hole, 40Hole, 50Hole
anchor block; (3) Design/Fabrication/Maintenance guideline; (4) Design example of
30m, 40m, 50m PSC beams; (5) Automated design program; (6) Report on
structural performance; (7) Report on economic feasibility; (8) Test bed application;

(9) Preparation and submission of NET(New Excellent Technology) to KAIA.
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<# 222 g2 Wgle] w& Fx34 Cases>

Relative Location Relative Location
No.|Name Lensth oo b (hav hanchorsss) No. MName Lenghot (hap hancorsss)
(mm) : : Rib (mm) [— ,
Rib1 | Rib2 Rib1 |[Rib2
1 NR - - - 15 B12-20] 20-20 14 1.2
2 RO 0 - - 16 B13-20] 20-20 1/4 34
3 B1-20 20 14 - 17 B14-20]) 20-20 1/4 1
4 |B2-20 20 172 - 18 B23-20| 20-20 1/2 34
5 B3-20 20 34 - 19 B24-20] 20-20 1/2 1
& [B4-20 20 1 - 20 B34-20) 20-20 34 1
7 |R1-30 30 14 2 B12-30] 30-30 1/4 1.2
8 |B2-30 30 1.2 22 B13-30) 30-30 1/4 34
5 |R3-30 30 3/4 23 R14-30| 30-30 1/4 1
10 |R4-30 30 1 24 |R23-30| 30-30 1/2 3/4
11 |R1-40 40 1/4 25 R24-30| 30-30 1/2 1
12 |B2-40 40 1/2 26 B34-30| 30-30 34 1
13 |B3-40 40 34 27 B12-40]) 40-40 1/4 1.2
14 |B4-40 40 1 28 B13-40| 40-40 1/4 34
RXY Z 29  |R14-40| 40-40 | 1/4 1
Length of 30 |R23-40| 40-40 1/2 3/4
—C —r—“ Rib(mm) 31 |R24-40| 4040 | 12 1
Location of Rib 32 |R34-40| 4040 | 34 1

- NR denotes the basic anchorage with only bearing plate, as in Figure 1(a)

- R0 denotes the conventional anchorage without transverse nib
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<# 2214 Exdd PSC A9 & A &4 - 30m>
W& bl L 2yl 3l
3 = 7 2 g9l | & g 2
o ot =3 & o 3 o o ot 3 o

NO.1 | RLENE PSCOE HIZCH B=0.9m = | 993319 | 993,319 | 988,122 | 988,122 - - | 1,981,441
NO.2 | RTHAEE T=3.2m s 132.228 2,804 | 400,082 32,514 | 4,494,345 2,045 | 282,676 | 5,177,053
No.3 | BRIIBER =3 ton 3.187 1,360 36,204 | 466,566 | 1,486,946 4,011 12,783 | 1,535,933
No.4 | 232IE Etd 19-60-18 m’ 23.373 226 5,262 24,481 | 572,19 43 1,005 | 578,481
NO.5 | BIla = 1| 1,201,260 | 1,201,260 89,899 89,899 77,376 77,376 | 1,368,535
NO.6 | PCRM JIBEER 6 15.2m | ton 1.332 | 1,616,071 | 2,152,783 - - 23,512 31,321 | 2,184,104
NO.7 | PSEET EA 2| 850,000 | 1,700,000 | 145,557 | 291,144 - - | 1,991,114
NO.8 | QIEEe 6 15.2m | EA 1 - - | eer7rt| 267,77 13,389 13,389 | 281,160
N9 | 22 113 m’ 0.183 94,305 17,261 81,443 14,904 - - 32,165
NO.10 | P.V.C PIPE D=100mm m 1.740 - - 219 381 4,166 7,249 7,630
NO.11 | Sole Plate MIX & &x] 640x680x22 | 1 149,850 | 149,859 | 412,077 | 412,077 1,248 1,248 | 563,184
NO.12 | Hh&Z BASIC EA 2 12,012 21,900 | 255,250 | 465,374 834 1,521 | 488,795
NO.13 | HCiote L=30.0m = 1 100,598 | 109,598 | 232,612 | 282,612 | 725,729 | 725,729 | 1,067,939
QLEIE PSCHC RIE o Jba 1=30.0m = 1 17,257,534
No.14 | B2 S030 ton 3.378 | 710,000 | 2,398,536 - - - - | 2,398,5%
NO.15 | 2012 19-60-18 m’ 23.607 | 120,000 | 2,832,808 - - - - | 2,832,808
T bl 5,231,344
Z A/ 2 22,488,878

[l
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<# 2215 Exdd PSC Ade] #F A &4 - 40m>
ERE] 2l 3l
3 = 7 2 g9l | & g 2
o ot =3 & o 3 o o ot 3 o

NO.1 | RLENE PSCOE HIZCH B=0.9m = {| 1,325,533 | 1,325,533 | 1,649,073 | 1,649,073 - - | 2,974,606
NO.2 | RTHAEE T=3.2m s 236.005 2,804 | 683,05 32,514 | 7,674,117 2,045 | 482,671 | 8,839,844
No.3 | BRIIBER =3 ton 5.099 1,360 57,925 | 466,566 | 2,379,020 4,011 20,452 | 2,457,397
No.4 | 232IE Etd 19-60-18 m’ 37.222 226 8,412 24,481 | 911,232 43 1,601 | 921,245
NO.5 | BIla = 1| 1,501,575 | 1,501,575 | 122,374 | 112,374 96,720 96,720 | 1,710,669
NO.6 | PCRM JIBEER 6 15.2m | ton 2.286 | 1,616,071 | 3,694,482 - - 23,512 53,751 | 3,748,233
NO.7 | PSEET EA 2| 850,000 | 1,700,000 | 145,567 | 291,114 - - | 1,991,114
NO.8 | QIEEe 6 15.2m | EA 1 - - | eer7rt| 267,77 13,389 13,389 | 281,160
N9 | 22 113 m’ 0.183 94,305 17,261 81,443 14,904 - - 32,165
NO.10 | P.V.C PIPE D=100mm m 1.740 - - 219 381 4,166 7,249 7,630
NO.11 | Sole Plate MIX & &x] 640x680x22 | 1 149,850 | 149,859 | 412,077 | 412,077 1,248 1,248 | 563,184
NO.12 | Hh&Z BASIC EA 2 12,012 21,900 | 255,250 | 465,374 834 1,521 | 488,795
NO.13 | HCiote L=40.0m = 1 133,964 | 133,964 | 306,466 | 306,466 | 1,460,077 | 1,460,077 | 1,900,507
QLEIE PSCHC RIE o Jba L=40.0m = 25,916,549
No.14 | B2 S030 ton 5.405 | 710,000 | 3,837,507 - - - - | 3,837,507
NO.15 | 2012 19-60-18 m’ 37.504 | 120,000 | 4,511,306 - - - - | 4,511,306
T bl 8,348,813
Z A/ 2 34,265,362

[l
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<E 2216 Exdd PSC Ade] #F A &4 - 50m>
ERE] 2l 3l
3 = 7 2 g9l | & g 2
o ot =3 & o 3 o o ot 3 o

NO.1 | RLENE PSCOE HIZCH B=0.9m = 1| 1,657,748 | 1,657,748 | 1,649,073 | 1,649,073 - - | 3,306,821
NO.2 | RTHAEE T=3.2m s 367.952 2,804 | 1,064,853 32,514 | 11,963,591 2,045 | 752,462 | 13,780,906
No.3 | BRIIBER =3 ton 6.789 1,360 77,123 | 466,566 | 3,167,517 4,011 27,231 | 3,271,871
No.4 | 232IE Etd 19-60-18 m’ 55. 139 226 12,461 24,481 | 1,349,858 43 2,371 | 1,364,690
NO.5 | BIla = 1| 2,006,104 | 2,006,104 | 150,131 150,131 129,218 | 129,218 | 2,285,453
NO.6 | PCRM JIBEER 6 15.2m | ton 3.208 | 1,616,071 | 5,184,045 - - 23,512 75,422 | 5,259,467
NO.7 | PSEET EA 2| 850,000 | 1,700,000 | 145,557 | 291,114 - - | 1,991,114
NO.8 | QIEEe 6 15.2m | EA 1 - - | eer7rt| 267,77 13,389 13,389 | 281,160
N9 | 22 113 m’ 0.183 94,305 17,261 81,443 14,904 - - 32,165
NO.10 | P.V.C PIPE D=100mm m 1.740 - - 219 381 4,166 7,249 7,630
NO.11 | Sole Plate MIX & &x] 640x680x22 | {| 334,603 | 334,603 | 797,243 | 797,243 26,932 26,932 | 1,158,778
NO.12 | Hh&Z BASIC EA 2 12,012 21,900 | 255,250 | 465,374 834 1,521 | 488,795
NO.13 | HCiote L=50.0m = 1 165,184 | 165,184 | 441,721 | 441,721 | 1,752,092 | 1,752,002 | 2,358,997
QLEIE PSCHC RIE o Jba L=50..0m = 35,587,847
No.14 | B2 S030 ton 7.196 | 710,000 | 5,109,401 5,109,401
NO.15 | 2012 19-60-18 m’ 55.690 | 120,000 | 6,682,847 6,682,847
T bl 11,792,248
Z A/ 2 47,380,095

[l
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- Ul g IPCAY 2 PSC e-Beamd A4S +43 23 IPCAY vl 30.0m
74%4 %k, 40m 59% A7, 134% d7re] a37F 9o, PSC e-Beam tiH] 30.0m 13.1%
A7k, 40m 17.9% H7F 24.4% Azre] 23 o] FA| ARMA AFPA FA] H3F 5% E
Aslste ARaart de Ao= bk

BAAG A A A Az elo® AT uAl, A NA A, a9 uiA "

ME ARPANA asE TANE 20 gasts Ao FrhEh

H

& 2217 PSC At &9 AR Hlu>

4J
HI

AF(L) = 30.0m AH(L) = 40.0m HAZ(L) = 50.0m | HID

CLEE PSCHEH | 22,488,878 &/= 34,265,362 &/= | 47,380,095 &/=

IPC HO 24,292,946 A/ 36,421,045 &/2 54,688,244 & /&

gl

PSC e-Beam 25,873,691 &/& | 41,753,834 &/2 | 62,630,689 &/=

gl
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BIN 20 ole
22 13 210 210 X0l AOIS Bl
A2 = == (%)
(mm) (mm)
EEY]
11-013 54 62,140 54 75,600 | -13,460 —17.8% o5t
1-1-013 84 588,262 12 589,476 -1,214 —0.2%
19-D13-1 2 2,828 2 3,610 -782 —21.7% =55
19-013-2 2 3,892 2 3,610 282 7.8%
1-013 140 1,039,949 2| 1,040,400 —451 0.0%
2-D13 171 420,142 171 455,544 -35,402 —7.8%
3-D13 153 275,247 153 284,580 -9,333 -3.3%
4-1-013 6 31,130 6 31,782 0652 —2.1%
4-2-013 68 201,368 34 205,360 -3,992 -1.9%
CH=200]
4-3-013 18 41,730 18 55,080 -13,350 —24.2% < xy
4-4-013 6 27,662 6 28,182 -520 -1.8%
4-5-013 306 803,854 153 806,310 2,456 —0.3%
4-D13 18 62,859 18 65,880 -3,021 —4.6%
5-1-013 16 16,264 16 16,432 -168 —1.0%
52 D13 36 75,957 36 76,464 507 —0.7%
5013 20 48,940 20 48,940 0 0.0%
9-013 16 12,800 16 12,800 0 0.0%
L=<
0-013 54 45,218 60 51,600 —6,382 —12.4% o5t
10-D13 18 12,680 18 12,600 80 0.6%
13mmZAH| 3,772,922 3,864,250 | 91,328 —2.4%
tRsSE 0.995 0.99% 0 0.0%
B 3.754 3.845 -0.09 —2.4%
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(mm) (mm)
1-2-D16 42 292,137 6 290,772 1,365 0.5%
13016 | 68| 81600 e8| 81,60 0 0.0%
1406 | 486|  291.600| 468| 280,800 10,800 3.8%
5106 | 16| 163,800 | 126| 163,800 0 0.0%
15016 126 151,200 126 151,200 0 0.0%
6016 | 10 720] 10| 7.2 0 0.0%
17-016 288 132,678 288 132,480 198 0.1%
18016 | 52|  43.74| 66| 10| -0.36|  -17.7%| 2R2H
20016 2| w4 2| s.04| -18.00|  -34.1%| Hoasx
21016 2| eem| 2|  ®owR| -46U| -m.%| Hoasx
06 | 32| 228.845| 34| 256,650 | -27.805|  -10.8% | 2=EH2
W1-D16 10 12,011 8 10,240 1,771 17.3% | ==5Xcl
ot | 8| 32| 8| 15,28 o4 0.6%
16mmA| 1,474,389 1,530,046 55,657 -3.6%
SCE 1,560 1,560 0 0.0%
sz 2.300 2.387 o 3.6
325 | 10| 12.00| 10| 12,000 0 0.0%
25 12,000 12,000 0 0.0%
HRA=E 3.980 3.980 0 0.0%
s=2 0.08 0.08 0 0.0%
SZO0I&H | 2870 5,259,311 5,406,2% | —146,985 =2.7%
SSEEA 6.10 6.28 -0.18 —2.8%
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5. MPCHGEH HZ 3t

MPC HOEQ| B4, HZY2 HAHE VSIS FIt2 Ze|AERAE ZMdE 7%
St= HiH(External Post-Tensioning Method)2 AE3I0 EZASE HHEZ ALEY]
o 4=89 52& 5%t = Aldstrt
5.1 External Post-Tensioning Method?2| 7|& O|&
dutdo=z FFE|E PC Beamul Q| FE HZO[ Q2 7t SR AHO SHHO
2o SHo| et M=o £F0|t of2eh IEo st Met #Fiar AH
StEHO| wEOo| ot PC Beamu ol MAESH H4, HZ WHgoz gQd 22
1 ZiE X5t 9 SHE YE 38R [AF] fXE2| SHEX
£ 23Z5HA HHRY FO LxE9| ME Lot HFE 2FA7|= FIF PSAME
(External Post-Tensioning Method)& Al-&%HCt
ij\ /C%P
~ ; — -
P
8l 51 External Post-Tensioning EZ+ &t
5.2 External Post-Tensioning 27t ZtHo| E/d

External Post-Tensioning 22 SH9o| XM CtS4t ZCt

1) Bt B, 22 SO B3} SA=H0| XM HSICH

2) 7|& nEol M3 A oy Hds ngstr| &bt

3) SAZ[Zt0] BfCt.

4) 7|1& =2 XF M7t Aol Qth(AtE S7tAlol= 71E9 HofE, nz 2
7|80 QHHA R HET HIEA| EROIC})

Al R Z1% EE= PC CableQ| uw X7t &0|5}L}.

5) F% Le
o

6) 822 7|ED

HT

Zo| X|EHH Q= ALZE H| ST

—

53 Al T &

1) A E 2 E(Low-Relaxation, Unbonded Greased Strand)
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AEMEE KS D7002, SWPC 7B AtOf| Q|stH EH==, 2Z-E0| AM83t= Strand
= Greased2 FIE|OJM PE REE B30 Us AS AHESHCL

[

# 5. EfiEo] UHHH HZ

=
3G | BHHEN | SARA | AFAE | 02% IRML 4 5F
15.2mm 1.4cm? 1,101kg/m 26.6ton 22.6ton O|4t

2) PC STRESS BAR(Z &)
PC Bar(&&)2 PC Beam EZO| AOA FAf72| Ot XXM S 2l 71 &
3t XtXj2A PC Beam= External Prestressingdst’| (et HAFF0| PrestressE
7840 StrandQ| ZIEHE X|X|EZE olC} [M2fA{, PC Stress Bar= *|ATHO| QIZk
dE7F ERstH 1 A2 of2iel & 1-20f =ohht.

E 52 PC Bar9| *|AQIEZ
MAJOR MINIMUM ULTIMATE
NOMINAL BAR| THREAD DIAMETER OF SHIPPING BREAKING LOAD (KN)
DIAMETER PITCH THREAD MAX WEIGHT PER REGULAR SUPER
(MM) (MM) METRE (KG)
(MM) GRADE GRADE
15 2 16.50 1.58 - 190
19 2 20.32 247 - 305
23 2 24.00 3.55 430 450
26 2 27.13 449 545 570
29 2 30.02 5.55 680 710
32 3 33.73 6.71 830 870
35 3 36.57 7.99 990 1040
38 3 39.63 9.38 1175 1230
* Preferred bar diameter. Their use is recommended for economy and immediately
delivery, other diameter bars may require a lead time of 3 months or more for large
orders.

3) Anchorage("d%H1)
AL HUHO| THs Hoz it
2L3AM0 A8t A= OFEXX M2z PC Bar(Z23)0 <25ty PC
Beam WebOj PrestressO| 2|8 X|X|&tAH =IC} PC Beam® HMiRIL= A|2XH7}

Shop Drawing@ M&te}0] ZE@e| solg WEE it

(=15
=

rot
ol
mjo
{0

ISENN

oz

- 192 -



4) M=(Saddle)
Saddle2 PC BeamHEZ0| A0 External PTQ| Deviation ForceE [ EA|Z7|7] &5t
FREM TS DAl M| =42 WX = JEF Gide PipeZt HX|Z|0{0f
X

=
St A|SXAR7L Shop Drawings %-dst0] &=t 25 ZEF Stof.

5) PE Tube
PE Tube= External Tendonl| 2X} ESE ZSHOZ 510 Tendonl| A|EO|AM T
HOX| O|Z M7t glofor ot AXTUSEO =, HHO| 7|58 AF0{0F SHCt.

ZF= TendonQ| WA 20| 7I58I=F TubelQ| Grouting2 StX| =Lt

6) Protection Cap
Protection Cap External TendonQ| L{7d =HE 2|t XIX{ZA| External

Tendon®| XZIES &l SystemOf XBHS|OF SHH Hiz, H&7|5S Zt=0{0f 3t

C}.
54 XHH|
1) Jack
QoA Moz otz ORI AT 4 U0l UTHY | MAl AR &
S 4 Qs AAHO|0[0F BICL MAE FATO| BMYS FUATIX @ Mo|

2) Pump
QUM Jack) PSS HIE U8 HOIX|7F £5E0] HA| HY

T
Of 7S¢ &40]0j0F otH, 2712 ZIE M= SAlof 7£f%*l%‘ = U
|.

5.5 Al2
1) Xtrel 2t 5 22

Unbonded Strand= 2UtA| BEHO| 0| 7HX| F=F I35 Fooof 5t0, ZF
Ef7F Y=ot A0S AMESI=E SHCt ok PT XpXHQ| EE2 AXSIH Mol &
a2 2HX| Q=0 Eatsfof Sit.
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FRASAYFAN FARAOH AP g
£ AAT A28 FYwolth A= FHAYL

Tdsty] 3k b T3 FAE B A AE 250kN 22 Hybrid 54 Actuatoreb

o o

i 3111 AdE sF3AEsAE s T2 R Actuator®] AFS>

H
=gs=4dE=
"e 17.1m x 52.0m(L) x [9.0m(KI&H)+5.2m( XIGH) ] (H)
ghe e [10.0m+13.5m] (L) x 8.0m(H) x 2.0m(T)
ohed A 14.2m(W) x 49.2m(L) x 1.2m(T) (EX Z&)
EX 4.5m(W) x 21.9m(L) x 5.2m(H)
Actuators
Stroke Hydraulic
ANAE 22 (kN) =i
(mm) Per formance
Static 2,000 750 (+375) Flow rate 56LPM 2
5,000 750 (+375) Flow rate 56LPM 1
Dynamic 250 750 (+375) +80mm at 5Hz/250kN 4
500 250 (+125) +10mm at 5Hz/500kN 4
RLS 250 250 (+125) +12mm at 5Hz/250kN 12
Hybr id 250 250 (+125) + 12mm at 5Hz/250kN 4
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TAARY Ho AR FS DT7 136.88mm ©l™ 1/44 3, 3/443 L 242 DT6 89.08mme}t
DT8 83.09mm®] #go] AstAtt. A A S WaFdS shak(+) |, 3 (-)olth. &9= mm
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<3 3.1.13 Atz W A >

(G4 mm)
SR 01| 02 | 013 | D4 | OT5 | O | 077 | DB |,
5t 5t= (A &) | (A &) (@) | A8) | (Ad) | (e 3)] (@3) | (EB)
500KN 0.86 | 0.09 | 2.05 | 0.89 | 0.00 | 13.29 | 18.04 | 12.85
1000KN 1.65 | 0.13 | 2.56 | 1.75 | -0.01 | 25.59 | 35.68 | 24.82
1500kN 2.41 | 0.17 | 3.55 | 2.59 | -0.01 | 37.59 | 53.05 | 36.67
2000kN 3.13 | 0.18 | 4.32 | 3.40 | -0.01 | 49.10 | 70.65 | 48.18
2300kN 3.63 | 0.19 | 4.30 | 3.96 | 0.00 | 57.17 | 82.96 | 56.18
2500kN 4.05 | 0.20 | 5.14 | 4.44 | 0.02 | 64.14 | 94.12 | 63.05
2750kN 4.75 | 0.22 | 6.39 | 5.26 | 0.05 | 76.09 | 114.73 | 74.93
2950kN 5.49 | 0.23 | 6.57 | 6.14 | 0.08 | 89.08 | 136.88 | 88.09
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