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Fig. 1 Explanatory figure of the principle of prestressed concrete
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Fig. 2 Typical load-deflection curve of prestressed concrete beam.
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Table 1. Design factored loads

Loading condition

Design factored loads

1961 Design Code

1987 revised Code

1.2G+2.4(P+S*)

1.2G+2(P+S*)

For service load 2(G+P+S*) 1.7(G+P+S*)
(Whichever larger)
For seismic load 1.2(G+P+S*)+1.2E (G+P+S*)+1.5E

For snow lond
For wind load

1.2(G+P) +1.58
1.2(G+P+S*) +1.5W

(G+P)1.58
(G+P+S%)+1.5W

G - Dead load ,P : Live load, S* : Normal snow lond
S ! Heavy snow lond, E : Earthquake load, W : Wind load

EnpE, BELAZVUDIRESICORHAL, BUY & &IHIFAUBE 2R, Fig. 23 PC RO
HE—7-hARRO—BIThH-T?, FEROWENSL CERTES, Z0L) LWEHIL, T SIIENICH
L CRBEERET 2 EHTADIH-TORWHETH ), HABERNO P CHEEREHHETSH D 1961 £
BAREYS PCHEREHITHEDNE - HIEICH 75T, EHMADEI S 2 (BN 5 EE5
BEREHEDRBERIRE LD TH A, LA LEEE, #ar2) — Mg (LUTRC &BEED) IZHRAT,
TRCOBREEEY OR R IREHIFFAICE 15D CEREEHESHV O Tz, 20728, PCHEMET:
ORITEERGHERIRA T 5 2 L 1id, AL S OO THWBOTYH - 72, EH1, BIRISERTO
2B EIALRBEHERTORLMTHY, T, SEOETHE VI EALT DI O RBIBER
FHEARATNEZ L 2V, Table 1 IR TWERKE €O TREMBEICED (M OREHEY WD
TREEHHEEIZID AN, b EICBITABREYORFEERETOBEE RN =D TH b, HHREHETIRE O
TR TH 72T S THTNONAR Y, %2235, Table 11213 1987 EDHMENET T SN/ HE
BELHOETRLTH AL,

4HTYH, PCERC LIZBEOHETH D LEZ TOLHEMERIESE VY, & IAPHERIFNETLOE
BOERIDHDLIOND, XAMIZIZE R UEBBSICESEETHY, 20 2) — FOFORENED
FIEEWICBING, LdTsTC, A%, MEFIMEOEEL LTk LRz R <, REHkLF UERIC
HO W BDIREIIHD T H Wb D7, FBENETIE, 1970 £RIIMEIBOT 7)) — FRE -
EE— RIS EHIE LTV AY, LI RRE LT HICE o2 E oI, WEICHE L CER
TELHEFEERENEDEATH S, T LC, REREORIEIEAL SNAWEREHIBWTIE, 1981
FEOFIEREHEORIE T, TREET b b RKIERII T 5REHI B W TREHRE REKFER) O
REEPER SN L3R, %8, HHRETERO—KEFOERIFREIN TN HDE) 5T, v
FCHMURENC I 2D ABRII LD ) Bl & ) < RCHME T L — A& F 0 R BMBE L ETHhsT
HEEFENIAS, FHVE & B L TR OBIIIED 2V, HOhDiEE 259, ThROBMICE 21
13TH N0 o,

5. PoRIKFLAMLA ML) — FOBRR

7 »F ¥ FPC (Unbonded Prestressed Concrete) LiE& I FORMICHHFEM 2B L7 PCEMEZFD
FEaL Y- MRICIRREL, 22— MAREELCRTEDMEIE L/ &, PCEM 2EBRLCa v
Y= MKIZF VAPV AREATBERA M F Y a v TiETHL, BEDRANF v a v THEN LD
2, 7779 bEL—ANZEEIZEA LT PC S 2B 5L ED %, B TORLTFRARIREIETS
HTEMNTHL, 8515, 757 MARRS I MEAENER LI X 5 PC M OREHMIBER OB IEICY
AMTHA, Fig. SERIHERRFETILFEHEIN TS T YRy FPCRMOMEELRKRL 726D

._4_



AREayrz - b LitERS 125

Polyethylene sheath
Viscous material

Outer coat
Bare strand Inner filler
Ordinary Newly developed
unbonded strand unbonded strand

Fig. 3 Typical section of unbonded strand
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Prestressing steel Cntncal section
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Fig. 4 Strain distribution at an arbitrary section of unbonded beam
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OBeams failed by the fracture of bar at anchorage or midspan portion.
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Fig. 5 Comparison of low-cycle fatigue strength between bonded and unbonded beams
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Fig. 6 Load balancing design concept (by T. Y. Lin)
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Fig. 7 Stress and atrain distribution at critical section of beam at flexural failure
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./ / / Yielding of
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..... ~-f—--~~Service load

Initial cracking

Deflection

Fig. 8 Schematic comparison of load-deflection curves between PC, PPC and RC members
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CEMENT SUPERPLASTICIZED 2ohcit LASTICIZED

PASTE CEMENT PASTE  WiTh SILICA FUME

AIR OR WATER VOID ULTRA-FINE

PARTICLES

Fig. 9 Structure of cement paste in fresh concrete

Table 2. Mechanical properties of densifed concrete
(Concrete mix : Cement-400kg/m’®, Silica fume-133kg/m®, Sand-707kg/m®
Water-100kg/m®, Superplasticzer-13.5kg/m®)

Density Compressive Dynamic Modulus
Coarse aggregate strength of elasticity
(kg/m*) (MPa) (MPa)
16mm granite * 2500 125 68,000
16mm diabas % % 2666 168 65,000
10mm calcined
bauxite * 2873 218 109,000
4mm calcined
bauxite % 5 2857 268 108,000

* Water-cured 28 days at 20°C and tested at 28 day.
% % Water-cured 4 days at 60 to 80°C and tested at 28 days

EHEI ) - bR EBRAFRICEELA DB, T 7)) - NIFEORZ A5 SR TERNL L
B, I - rOKkEAY MEOERETH B, A Y FOKINLERKEIZTKEX L NETB %EE
bhTnb, L, BEOFETIIZIOL ) 2ll/VeKt A v METHTRRWEE R 3~ 7 ) — b2 5HE8IC
B LIZHEETH S, L7205oT, 25 B HEHATOKIIFREAKE Z-Tay ) — PHIZZEREZD
<D, BETHBEIRELRA Y MDPEL R EENELLDDTHE, 1960 FERDT 2 7Y — T DIEAES
FEi3 20MPa 18RS (Kt X > MHT60 %iEEE, X5 > 7 18~2lcm) HEHKTH-C, 7LVAMLRAbTY
29— MEEIZ30~50MPa D2 ¥ 7Y — PO PIEH IR T RIBE LD o7 19624200 2
J—bDOT—FE)FAL BIH 2HETLIERCELLRANTRE 2E SRR AM
(Superplasticizer) 2SHFIZFEERITHAE TS XN, 1964 FIZEMED > 2 ) — MHRAR & LTH
RENTEBESESIBOND L)oot LAL, EHEIREL20MPa BEOFE KL A~ ML, BX
GUTDOVHWHEY » TAEINAET Y 7Y — MEEREHD T4 E L TR, do0 %S
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Concrete Tooth

Fig. 11 Function of concrete teeth and remaining concrete arch (G. N. J. Kani)
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Table 3. Shear simulation test results (Ratio of shear reinforcement : 0.2%)

No. of specimen Yield strength Peak lond (tf.) Max. defl. at paek
(kgf/cm®) load {cm)
1 3000 13.00 0.445
2 4500 15.70 0.760
3 6000 15.40 0.860
4 9000 15.48 1.273
5 12000 17.55 1.624
Effective Compressive Strength (MCS0, Draft)
Vic'=3.684c'%57 jn kg flcm?
20 (
. "E .---
215 180} v
£ f¢=1200kgf/em’
gT-— 160r o v Only Truss Action
n
< sof -
] f¢=800kg e
n 120F
¢
& 100 Test Beams ( f¢ = 1200kg f/cm?)
;:8 80+ Spec | £ ot (ﬁffﬂ)
w A ® |[PB-4|264] 7410 | 196
& got ®m |PB-3|085| 7990 | 68
@ O |PB-2|2.64| 2950 | 78
E o|PB-1/085| 4280 | 36
5 40+
f¢=400kgf/icm?
o P R P |
0 100 200

PuGwy in kgflcm?

Fig. 13 Ultimate shear stress Vu versus shear rein-
forcement efficiency pw * Oy relationships
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Fig. 14 Numerical example of ductility enhancement due to the increase of ultimate compressive strain
of concrete
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Dimensions of specimen 20x20x60c¢m

#9.2mm dia. square hoop ( 6y =1300N/mm? Pw=2.7%)

S E— #9.2mm dia. square hoop ( 0y=355N/mm?, Pw=25%)
“ (Pitch of hoop : 5cm)
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Compressive strain in %

Fig. 15 Typical stress-strain curve of concrete column confined by square
spiral hoop reinforcement

062mm dua rectangular spiral hoop reint. with the

pitch ¢17mm dia. prestressing bar
Load cell \ bl e E
T ! !
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16~ ‘ | 25—
-l 10 } 100 t 30 —
4 140cm
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g 30 -
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£ i
= 20 Failure
[
[
§
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o 1 o L " 1 1 L
0 x0® 0 1 2 3 4 S5x10°
Curvature at midspan section in ¢m
(a)Beams with (b) Beams with confined concrete

plain concreie

Fig. 16 Enhancement of curvature ductility of prestressed concrete
beam by lateral confinement of concrete
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CONCRETE AND SEISMIC STRUCTURE
—AN OVERVIEW OF 40 YEARS RESEARCH—

By Hiroshi MUGURUMA

Synopsis

This paper is an overview of 40 years research on concrete and concrete struc-
tures in seismic area conducted by the author in Kyoto University. Research had
started in 1953. In the first 10 years, main theme was to provide rational seismic de-
sign procedures on prestressed concrete building structures. In accordance with the
basic concept that occurence of severe damege in the structure allows for strong ground
motion but collapse should be avoided, ultimate strength design method had been prop-
osed with design factored loads in 1956. This proposal was adopted into the first Alj
(Architectural Institute of Japan) design recommendation on prestressed concrete build-
ing structures in 1961 with the design formulae for service load condition developed by
the author. In 1970, systematic research on unbonded prestressed concrete had been
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started for finding a way of applying it in seismic building structures. After vigorous
research, the auther proposed the calculation method of ultimate flexural moment. Par-
ticularly, it should be noted that world-widely spreaded doubt for the fatigue fracturing
of unbonded tendons at end anchorage portion against the earthquake cyclic high-over
loads was wiped up by showing detailed low-cycle fatigue test results on unbonded
tendon-anchorage assembly and unbonded beams. In 1980’s, research on partially pre-
stressed concrete had been carried out and skiliful method of determining the required
prestressing force and its eccentricity was proposed based on the lood-balancing
method. This method was adopted in the first design recommendation on the AlJ par-
tially prestressed concrete buildings. In addition to these researches, the author con-
ducted research works on high-strength concrete, shear problem on reinforced concrete
members and ductility improvement of concrete and structural concrete members, etc.
Especially, on the shear problem, based on the fundamental concept that a part of ap-
plied shear force is carried by the truss mechanism and remaining by the strut mechan-
ism, a set of calculation formulae on the shear failure strength was proposed. Also,
test method for predicting the efficiency of shear reinforcement had been newly de-
veloped and the fact that the use of high strength shear reinforcement having 600 to
1300 MPa in yield strength is essential for fully avoiding of shear failure, particularly
in case of the member with high-strength concrete. As the ductility enhancement of
structural concrete concerns, experiments covering wide-range of concrete strengths
from 24 to 130 MPa and yield strength of confining reinfcrcement from 160 to 1300 MPa
had been conducted on concrete prisms and structural concrete members including rein-
forced concrete columns and prestressed concrete members. From the test results it
showed that the compressive ductility of concrete as well as that of structiral concrete
members can be enhanced remarkably by the use of high strength lateral confining rein-
forcement. Also, the stress-strain curve models for confined concrete to bé applicable
to the wide-range concrete strength from 24 to 160 MPa was presented. And further,
the flexural ductility design procedure had been proposed based on those research re-
sults. Recent development of reinforced concrete high-rise buildings in Japan is owing
to such author’s research results on ductility enhancement of concrete and structural
concrete members by high-yield strength lateral confining reinforcement.
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