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Abstract

Peng-Hu bridge was built in the end of 1970, and began in
service next year. Unfortunately, it was found corrosion in the
bridge after 4 years in service. For the traffic safety, the low
level parts of the bridge deck were rebuilt to road eabankment
from July 1984 to August 1987. But the high level parts of the
bridge deck, there were six types of repair mateials had been
chosen, the constructive method and the performance of these
repair materials were compared after one and two years service.
Finally, these parts will be rebuilt as an road embankment, too.
In order to diagnose the corrosion problems of Peng-Hu bridge and
taking great concern about the corrosion problems of prestressed
and reinforced concrete structures, Science and Technology
Advisorty Group, The Executive Yuan R.0.C had entrusted us,
Institute of Harbor and Marine Technology, with this research
project.

In this in - Situ investigation had included visual surveying
and recording the whole of deterioration situation of this bridge
for statistis analysis; taking seawater samples and chemical
nature analysis of the sea water; diagnostic surveying the
corrosion extent of spans No.33 and No. 59, by using NDT
technigue i.e, Ultrasonic Pulse velocity meter, test nammer and
rebar-meter testing, etc. For detailed examination of the main
reasons that caused corrosion, three PC beams of the 26th, 30th
and 74th bridge opeaning and one RC beam of No. 76 bridge
opeaning were trailed to be examined. The detailed survey employs

a comprehensive range of NDT techniques to establish the quality



of concrete cover layer and the corrosion state of the embedded
steel, concrete samples were also obtained, such samples were
analyzed by a wide range of technique available in the laboratory
i.e. visual appearance of core samples, compressive strength and
chloride pentration test, <chemical analysis, microstructure
analysis ( XRD, SEM ) and physical analysis of the corrosive steel
etc.

Based on the results of in-situ survey and laboratory testing,
the following phenomenon could be concluded:

1. There were more severe corrosion situation in PC-girders than
in RC-girolers; in PC-girders of type than in PC-girders of
boxed, arched & cantilever type. And the lower level of the
bridge deck had more severe corrosion situation shown.

2. The offshore side of this bridge is facing NE direction. From
the analysis of the recorded information of Peng-Hu meterolo-
gical station, the annual dominating wind direction is NNE
direction with frequency of 40% and the annual frequencies for
wind speed exceeding 10 m/sec is 123 days. Exposed on
these marine environment, the strong wind contains seawater
vapor can easily penetrate into the interior of concrete.
Besides, the design elevation of bridge deck is too low that
wind waves are easily splashing to the superstructure of the
bridge. Therefore, the corrosion situation is more severe in
the offshore side of the bridse.

3. The air temperature is highter in this area. The average daily
air temperature over 30C is about 123 days in a year. The
daily temperature difference is about 11.9C and drought sea-

son is very long too.In this situation, the concrete structure

XI



is suffered dry-wet cycle and over-loading action. Once the
concrete cracks, the seawater can easily penerate into the
interior of concrete and a progressively escalating cycle of
cracking-corrosion-more cracking begins, eventually lead to
complete deterioration of concrete.

Inadequate cover layer to reinforcement, they are only 30 to
47 am by measured data. According to the analysis of external
appearance of core specimen, the coarse aggregates are alaost
flat. The construction technique i.e. vibration and compacting
vere not controlled well during the mixing and placing stage,
and causing the aggregates segragation, bleeding, water and
air entrapped around rebar or other embedded material, higher
permeability and more void exists in the concrete. The mix
proportion of the coarse aggregates are 25-67 %, also the
mortar proportions are too much, these phenomenaon of improper
material usage are the reasons causing drying shrinkage.

Due to the facts of composition of aggregates and cement are
not uniform, and the compressive strength of concrete is much
different in the concrete texture. It is obvious the construc-
tion technique and mix design were not quality controlled well.
From the distribution of chloride content of core samples
analyzed in the laboratory, it was revealed that Cl~ pentrated
from the exterior marine environment.

Based on the results of X-ray diffraction pattern analysis, it
is shown the concrete surface had already been carbonated, and
the SEM morphologies show that the concrete was attacked by
sea water and the embedded steel had been severely corroded.

Owing to the corrosion agents has already entered the interior

X
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of the structure, therefore, even through there were six kinds
of repair materials & methods used in the maintenance of spans
No. 32-71, but the apparent deterioration phenomenon still
exist.

The statistic analysis of damaged position revealed the craék
concentered majorly on the portion of beams and next to two
sides,such phenomena explained overload might occur; Comparing
vith the probability of crack occurred, it is shown that the
low level part of the bridge deck is higher than that of the
high level part. It appears the results of over-loading
and corrosion interaction.

Conclusion

The main reason that caused serious corrosion situation of
Peng-Hu bridge can be concluded as follows:

It is exposed in the worst corrosive marine environment
condition: strong wind, high waves, drought weather, high
salt content,....,etc.

There are not any specification of design and construction
for marine concrete structures could be followed during that
time. In this report there are some recent guidance note
for marine concrete structures listed.

Design of this marine bridge structure is not suitable: 1i.e.
the clearance between highest wave crest to the beans bottom
of‘ this bridge is too low, alsc T type PC beams design is
improper for long span structures in marine area etc.

Improper concrete mix design & unsatifactory quality of the
constituent: such as using flat aggregates, nonuniform content

cement, coarse & fine aggregated and high mortar ratio, ASTM

XIy



type II or V should be used instead of type I in this
marine environment.

5. Inadequate control of concrete practice: i.e. in sufficient
cover layer to steel, the concrete strength is nonunifora. It
shovs poor compaction ; workmanship & inefficient curing, etc.

6. The traffic loading are unlimited, and overload & overspeed
might occur.

7. Insufficient understanding of the exact concrete deterioration
processes and extent of steel corrosion before repairing.

(I) Recommendations:

Based on the results obtained by the case study on Peng-Hu
bridge and for the sake of ensuring the coastal bridge struc-
tures prevented from being corroded, recommendations for
futher work are listed as in the following:
1. Study on corrosion
(1) Finding a coastal RC & PC structure to proceed the
following research work:
Investigate the situation of deteriorated structure
defailedly(i.e. damaged location, time history variation).

. Assessing the critical values of deterioration parameters
from the lab. analysis of retrieved core sample and N.D.T.
data.

. Loading testing and proceeding dynamic anlaysis in order
fo realize the factors that causing cracks and assessing
the servicing life of the structure.

. Measuring the contents of sea salt carried by wind and

wave penetrated into the concrete. Calculating the rates

XV



2.

(2)

(3)

of penetration of deleterious materials i.e. C17, CO. ,
S0.? etc.

Performance testing and evaluating the suitable repair
materials & repair system which are structurally accept-
able for preventing corrosion or to decrease deterioration
rate.

Developing and promoting the techniques for in-situ
investigation and lab. testing.

Symposium periodically to discussing and exchange idea &

the results of reseach and engineering practice.

Design and quality controlled under construction aspect.

(1)

(2)

The authority should be comprehensively reviewed the
existing guidance and established the criteria of design
and construction on marine concrete stractures as soon as
possible.

Planning a marine concrete structures project, the
following factors should be considered during design
and construction stage

Meteorological and oceanographic environments.

Cover layer of embedded steel.

Bridge dynamic beheavier and response.

Concrete strength should be enough, lower water cement
ratio, and appropriate cement content used in concrete
structure.

Using cement of ASTM Type Il and Type V or mixing with
pozzlind.

Adding corrosion inhibitors in concrete.

XVI



Using appropriate fineness modulus and lower absorption of
aggregate.

. Selection of suitable surface coating materials.
Placing the concrete should follow the criteria in order
to obtaining sufficient watertightness and soundness.
Surface coating consideration for preventing seawater and
salt pentration.

. The corrosion protection on electric wires or metal
appendage on the bridge should be considered.
Taking preventing measures for the ingress of salt
carried by wind & waves into the concrete structures.

3. The vprocedures selected for repair and maintenance on coastal
concrete structures are as in the following

Examining the structures periodically and tracing the
deterioration historically and proceeding the corrosion
research work.

. Repairing as early as possible if deterioration occurred.

. Using N.D.T. metheds to invesigate detailedly the situa-
tion of derioration, corroded extent and scope before
taking wholly repairing work.
Selecting the appropriate methods and materials for
repairing.
Tracing and checking the effects of repair system after
repairing.
Using flexibile, waterproofing, and durable coating mater-
ials for repairing the cracks of PC-girders.

Restriction rigidly on overloading in traffic.

XVI



Budget granted by authority for corrsion prevention
should be adequate.

Yhen undertakiné the corrosion investigation and mainten-
ance, it should be done by experienced corrosion
specialists.

Entrusting academic groups to éxecuting the experiment
and to assessing the methods and materials for maintenance.
Researching, developing and establishing the design
criteria for diagnosing and repairing the concrete

structures.
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DMEHHEGRER I SERMERA RS, ARHBRNIENFERE-F
Bt R 2 MR T,
ILHEACHEAERARA S, AFABRAGRERRLANZEE, UXRE
%muﬁﬁ,uﬁ9@$§§E2ﬁ§o

LREBHRMEN, NERABRZRELE,
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—. ®F FE TF =

(—) EEESEE KIS R ERHY = SR I HABRTEAE XY

EEERAR(H -DREBREATERERVHEEHARB A LR, a=

CATLEBXAKBERERYEE L AABRER, MIKEKOIXTRER

ABEASEEZE-EHAAMCBRAHERE, RE+HERE+E5 T
BRI E SRR LGS R BT R (22, REHEF=, +=
Rt+ESSABRERMARCEBES, HH S 7L % MR A LB 18 S
®, BASS., HESANAZSHOERAET, UANBRES LB
(E1-317LR 72-767,) SXRABE, KTEE 32 E NAETARSER
BoEE, AEMWRES, FR 3EIOAMSHHEAER, TE, BHE
8. SERMHKSAREELA §. B, ESEZFABMHEETES
EHEEEABRERERESE, RIRE-F (RE 754)RESENE2-1H
T, DEREEMN, AESRENAE, KEAN+IEERBLEARSE, &
BEEEESREABE, SUAARETARE,

BARRABAAZ 48 2] ARBARFRECHERSEE, AUE
B BHBEAY, PEASEARNUFE RRIREHSE, EHER
ABESHE—RIABEEHFEARE, BHBEXBRISELABMTRSBH
EREE, BH267. 0FARTAASE PR T67l—% RCEBUHHERE.

(—) R B = P S AL B ERIEEIFR

EHTRERARLIRETRIASBHEREFA HALSLLBAEZRH R,
FitrRERFHERLA, GBS ENRREE N, ATENERL
HMBEEHRERTER. RESHFXBBRABTZZIAAR. BRREBENEE
 URERIHESERE, BEERES (1,2) AUANNERRERERE
BEMBE, B 22 FArUAZEEFLAAABEBOAEER



UTEBRTRAYHOETIMLUNE .

1. BB L8

BRLABNESEIABENSSRAK, EENELUOEYR, ST ESR

BEH, SLREEBEKKL VO, BH, KERSHNBETHR,

(1) KKEE (Water - Cement ratio) ‘
AREBEBERERLISR, CREARB LN ES, B 2-3 2 B
2-4 BRHAKKEAXUARRLDYSEERL (6], ARERFSRE
REHREEANBRERATE & 2-2 B (7], S\, BLE
AEERDY, RE 2-5 (8) .

(2) & #

BHHAGEMNBEIBENZANBEHOPE, FHNERANSS
BAK, HERGHR—REHEBKEEST 10 10008 A0S EH &
# (9), BHOSEXNEERBARFTBNTE, WEERBRA, &
Y, ERR-ELRSETEAGHB2BARE, MEERHOER .
BHERABEERBTELNS, TR ERLYTESHG, EZH
RERtTESERE,

(3) K i |
KEHEHH BB WL KENK, E5HYELRLBEAARER, ©
MREBLAZEHN, BOwk, RERSE. BIHEE, SHE C. A
MERH Cl- HRMAER, KSEBHORMERY, 28 2-6 [10]%
2-7 (11) , {B% C, ASRBS, NEEFAEDES S0.° BFHEHR
BT, TRETEREREARSAT Ettringite) 195 1R B T 38 & & 5
+5E,

(4) 2%

FRERERLTHBHESES, EALASHGHMEHE, HAGE
BRim B, RTESEmE A, A R A 5 A K o g i R
EAKEE /OB, BHEUHBRAGBANDA, SHEBRRRKEA
W ( Pozzolans ) M BSRER LB EATREREZE CIE), B

—-5—-



RN, ATEELARALKRETENERLREEE, #8
R, ERAEENY, SRENT CaCl. ABRERET, e
ROl MeE, SHERtABBERBERRORE, REH2-8R 2-9
61,

(5) W5
NGEESEENTEL RAROIRTE, AT TEEERERBEN
AGASCRETEYERENERS 6], ERAGHZENEXEN
wERMET, BENRENERLAaRELAMMURSY, Se B
o,

2. &K E

ARSAKBNEEEREELEROLERS, CERERMERNEE
HT (4) . BERRANEE, NEASEE, 2HB 2-10RX (1)~ @)
 REREEERREENEETORE, EARREEKRER, EHS
EREEMBRARNERETAD (2) .

B (Anode) @ Fe > Fe (BM) +20°  oovervrireennnns 2 (1)
4 (Cathode) @ 2Ha 0 +05 +de™ > 4(OH) ™ .oovvorvrnnne. % (2)
B e : Fe® 4+ 20H" = Fe(OH)2  .ovnevnnin.. = (3)
G ALt . 4Fe(OH)s + 2Ha O + 0n > 4Fe(OH)s ...... 2 (4)

3R

REFHEAGEMNBEIEASKBVERERLLFABENSEME (2],
g#Eaha® 6) X 6) BH,

 BHEEEME : Fe +201° SFeCl, = Fe 42017 +2 ...ovvnn. % (5)
BAEERE :©  $0, +H, 0 + 2e° > 200 ...l L. (6)
FHFHSBRGIEKRTFEMAEN Gr IETUHERHM. —& PH ER
12.5 & 13.2 M@HEET, R2BHEFE88 0.2 £ 2.8 Ke/n &
Bt (3), 5@ 2-3 , BERHMTOREEIESER. K, FEHMHBZRER
v, W

LEREBIER



EEBEIFESREDRK. RLY. SRN_SLREFIBHEXE, 3
ﬁﬁ&ﬁ%ﬁﬁﬁ$%Mﬁo£¢uﬁ%ﬁ$E‘EEW%%%%%&%&
(D)W BE (Cover of Renforcing Steel)
HHREE BB EEaBAENUNAE, KEAAREE, ANERL
BIREHREIEREERT, XEREFMEENBERIABBUR
REBEEAR, LSERAGBAENERE, H2-11FRHAMEREE
HEGREOZE (12) , fEEE, IRBEEETUER,

(2)$8 & (Consolidation)
BIFEHEENRNTIGEREFERBNEE, AABREFZE. BT
% %K (Honeycombing) BKMHFE (1) MBEFBEANXTRFTBAMIY
-*&ﬁﬁ,%ﬁﬁ&ﬁ%ﬁﬁmgiﬁ,ﬁﬁ%ﬁ%,%%?%ﬁ@ﬂ%
12T, BEMBESASRRLIFHNEE, —RETLAFXREARRL
HEMREREN IR,

(3)%# (Curing)
EZHHBEHEFHENHE, RAFHMAR, WAEHEE, & 2-307
MAREREEBERHE B, IKTREERRREAAREZAR
BREE ST o

5. T ABIBHT (Workmanship)
Eﬁ%mlﬁﬁkaiﬁ\ﬁ%%ﬁﬁﬁi%ﬁﬁﬁ%%%:%%%ﬁ%

EE, BERRSHIBEFIRANSE EMPEAGOEHERS (13)

6.HMATRE LIRS

HAHERLENETEE. HERAMHE, BERR. 2EONBESTRE
, MRERESLOHR (1) ELAKOBR, TARKNHAGHEDET
MENEE (12) , BARRL—BEHA, WSNAZRAKRTLOERER
HREGES, GRBGREGMN, ERFLNEEZREFBERNER

EEBTABHETAME, FEH—-BRAAXBERRURR L@ ERHEX



AREOEREREGE LANZEE (12) . RERAB 25 0H BHE
MEECHUEN, NANSENSEGES, NEMOEE - RTGEHA 3
EEEEE: ATERABTINAGOMCRERESERL, ERBE
EMRR. HEDA-RRETE, £ RC RABUSERLBHBE
BLEHNBLE, MEEARS LR TREREMEHKE (Plastic Shrin
—kage) ZEE T IT K 2 62 (Settlement Cracking) MR (12) o WM Y
GRBOTAARARIHEBARRERE (1), AAKRETENE
MREEEE (17) , RE 2-137 5.

(=) sHAS R & L RS E B ity

ARLTFAGHGHERR RSB BMB AR, ATERRERENRE
R, FUAESENOEREDELRDREH, AT — B R LR SR
PANEEHEN, AFEALCEEEBES AT, EM AT BEHEH
woH, ATBAAHOEN SHNFERENSRORE, EETSHY R
WET, NEPREENESRERBIROER, HEEEREHMEMEE
=,
1.5 e B
THERN, BERS NBESHEMN, REDENEN, SU—-BED
BEGTHERLEARBHENRERS AN BESHONR, HiLFE
(REL GRS LAE, RESSHERE-RBEFLARTOSR,
2. 9% 8 {8
AAFRRE AT, [ Pathfinder , I BBHBHRLOHSH, B
B 2 B RBE
3. 55 P 8 R-neter)
b7 — 18 JE RS 7 B R 3 38 (Nondestruct ive Magnetic Device) ,FLLZR
EGREBoEE, BERTHEELAT, CREFREREBFENE
T RES R, NREEHEHR,

_.8_



A EERBLEESH
AdAAABENENE, #FERLSEERERERLIZBERE,

S.EMBERRTIABIRES W
THABTRABEAHEREEE, UHAZISHBERLIEZREBRAR
e,

6.3 OB
EEHGRMNER, MEXSERER, UV ERAHRAMBRTES
HMERZERELRHAH, BRONETAZILNVAGREBTIFCHSE, &
SREEE, RHTAE, PFAHRRLESE, URAFRBEEREESAR
s WERZABATHEFRMRIZERNENERORERLIAEHAK
FMENEREATF, RUX-KRHEIFARBRYE, URTH2KE,

7.8 T FHME ( Scanning Electron Microscope ) #1
mmﬁﬁ&ﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁ; EXFRETHAEZIRAREZER (
Mill Scale ) ET—%{LE (FeO, Wustite) KW 2 MBENHREW| (Fe. 0,
JHematite) [19], ETEREHHATUBENREFD0 A ERAIBAEHIK
24, MEFEERAMRALNEE,

8. X—HEHIHE( X—ray diffractory ) F#
THAREFHBHEERPFAEN oa—Fe. 0, IERLFZEILHBE (-
Fex 0: ), BHFH (Fe, 0, )RUFRFe(OH). & . ERETUHLERLES
DERREDBIRG

(I9) THEREREX a4y

REXEFRAREIZABAAENE ( Morphology ), BE 10K EH)EHR
el g Mo RME, M EDX B¢ WX X ASFBRUTUEM N LFE
¥ (Qualitative) BE®E (Quantitative)r#r. EARBEEFFMEN RC K
HAAL, BEABRBESENE ( BEXKEXL, BFHRE, GHEASHRE
B ) BITAEAE R (Products) R EFEE SEM &MIMZHIX LA FE, @



Jﬁmﬁmmﬁﬁﬁ%zasmgﬁEZEEQm&tmm&mwma%m@
B R R R S B B B Y o
1. H RS BT AESEM S48
()R gL KIEED
BREHKEACEDEERN, KERS. RETMAHE, B8 2-14 [14]
 EEALTEBHARAE, 0 C-S-Hx BE, EHEA. ERLE |
FEEAKCHREAEZED, BE 2-4 [15], B 2-15 RFTRAE 1 K
2 FERARKES SEEMERR, BLUERATELAABROERT
( Ettringite, CaA-3CS- 32 ) —RERRZ C-S-H BE (gel) MR
EBIHRAZAKMBY. B 2-16 B EARAEZ KALHED ( Unhydrous
Core ), C-S-H BRI, Kt+XK, MABEHREH C-S-H ZWF ,
SELEARER, BOM2ZED, BRE 2-17 ; SRRBOKERE |
%k FEMEBSH C-S-1 BE, BEBETLMUBKRMEE, T8
CH BIMETE, RE 2-18, B 2-19 RE 2-204 JIERH CHEXNMAZ
CH BAMKRIERZAALEBRE KLY,
QFEVERANRBELZEY
OF-¥ix
ERtN2ERLY, BER C-S-H WSAERME, RHE 2-21(14]
A REAYTREEHESE ( GA) BRAARKOERELD
(Calcium Chloroaluminate , CsA CaCl. 10H, 0) BRAERER,
AEESRLANNBALT, RE 2-22016], |
OWmBES
RHEENEN, FEREREHMSNE, HAKASARKE, &8
BHEHAN-SLRUWLY, USHAEIHFRBERE  Thaura
- site(CC-CS-CS- 15H), —MEMBESHSEBARETNEY,

x KE/ALBEER, S-Si0 , C-Ca0 , H-H. 0, A-Al, 0. , 5-30, , C-C0. ,CSH ,
F#®, Ch-3CS-32H-BWHE, C, A-CS - L2H-ERAEBB ALY
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LEEE DX REM, RE 2-23 (6], KMBNBHAEERERSE
GEBUEBRE - REFOUR, ML TaE—50 C, A HERE
BRI BSNE, SE 2-24 (16], BABRMAEAT,EHTF (He")
BER ArgoniteTIMMEHBE (Calcite) ZHE, HAE He® 1
Mg (OH) » ( Brucite )/RE7EM&MET Argonite HIEH K, RE 2-25
(171, BMBrucite LSRR T HE 2-26FH [(17],

(3) WM R EY) |
AGERRLATN RS ENEHORARLY Justite , Fe0 , {E
ERBLTHESLREARTERESR, —R%ROBRBE G Henat ite
, Fes 0, , B Fe(OH), %, EEEVRABRERLHKEENRR
CHENESHEE, B 2-27 ABBO—EED (BEET )5 . B
MEET I, RESRARZERL KRN AREEHERS, K
AERSH L ERRE 2 KB,

(FE) eSS A PE RS0

HHBERERLERYIHEEZBFINE 25, kXHRUEAFLIRZTEET
ERBEBE, XEER L ITEST (American Concrete Institute ACI ) BX
PEIBE T /%% ( International Tederation of Prestressing 8 FIP)REH
BABE British Veritas) R DNV BEBE (Det Norske Veritas) EHEH
2HHERELREHNERLFHBEE. HITH., REBRE. BERLEIH
BEEKE. B, K, B&%5. RO, FHKSUHEFHUERLZEN
KiEE, KKtb, ZRSER P.C. EEEKEE, AHRISHERREETHS
HEFAZRBHGUNBEL SBERBRKTFEIELFI LML, THK2-
6 LA LE B

£ 25 AS—EMEMALZHMRAE, BAE_EHEMBZAETE2-6
, ERFEREERARERT, BRI ZABIFZHESTERE ACIHE, &
MBAMAHEHEA2REROER2-T Fim,
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0-16 BN KEHB=H = SIH MEHA, 9-17 KEI0FE 2 B = ESEH MBE R,
ErEBRAMLEDZC-S-H BE (15) BETEALBEREC) AXABEMR &
KA (A) EAIE ( BB )2 H D (15)

(1) (2)

2-18 ()BEXEEMHIHR=ZFALEHRTIKLEKHL
(NEEEA LY TER, FREFEAHC-S-H0)
BREEABERES W) QRELOREVE
SEKEYFAEEAEKEO (A VIERLS
(H) (153



2-19 KEMHR=F KILDWERLS B 2-20 KIEEKBECaSO. BHPEAE
WA E2SEM BB (15) NAarERSKtE (15)

(D (2)
2-21 (WK=K ()& HCaCl. 2HM=KLLY
C-S-H 2458



Fig. 4 : {x) Crystals of mono-
chlorocelusinate and reticular
c-8-# containing C1~ ions.

2-22 METAFREBLYZAA 2-24 ERELHHEFRIWQ) =X
BRRESERER C-S-H (&C1 )FHE (16) ERBER ChEERE) (16)

2-23 HELHBREAENZ2H A A (0) M Thaunasite
(X) , LARER WA (EDX) XAAHARISZERA
EE, A E0) =241, S, Ca, M Thaumasite
&5Si, S, Ca (16]



2-25 RIEEY Q) KT BEEEKREBLEROGTREAER

Aragonite (W) ERBARKF - R ()R (14K
iR Sk Aragoniter #ifiBrucite &

EA-Aragonite, B-Brucite , C-Calcite {173



2-96 Brucite WL R (DRBHEKRKFI_RQ)+THEX (17]
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£ 20 E_HEPMEHEMAE

g | ® : B o|H ' ® B
B84 #& | * Special specification Polymer Texas Highway
B+ Impregnated for Concrete slabs | Department
Biflst 4 | » Standard Specification for specification

a5 Epoxy Coated Steel Reinforcing | 412 ( 1975 )
Bars ASTM ( draft )
= Material Specification for NACE ( draft )
Epoxy Coated Steel Reinforce- Ministry of
ment Transportation
* Material Specification for and Commun ication
Epoxy Coated Steel Reinfor- } ]442—-](]987)
cement
rERZRESMPOMBERLEZ | LREF
e THg &t
+FEATEAELATNMPRRELR | BARERE
18 &t
* Cathodic Protection of Steel
BRI iﬁ Reinforced Concrete NACE ( draft )
( fecommend practice )
* WA EE T & E AARTERE
85 & B | SR ESNERLFNEE BBM | JISAG205

zREFMARAE (KREHR) °

BAIERAB(R)




' 2-T AMEMNERZH

. BB R XREH * fnoE g
V3, — ]
%
B RRE | B ARRE | 2ORR
| B gg&&mziwﬁw
w B -HADEE | FIAGTLRIBEL | £LBBS 4550 HEair
B 0.-5mmGERZZRF| BSRZHLTEILSE
2 Bt 1
- B+EaHA | KBBS 1831 P76 _ ‘
* BB BURR LA | THESHARE (o) : 8: @
B | B | XxEES L@ T EETKR (SRPC) : 2: 3
BtakKE | <09
E amssmE | A x - ray fate
MRERR | BLBEME HBASTM c876 HEMERS
& " BIRAEME PRI B BT R R
% o ‘ ER+BWEAZN
" BERE (FEXE)| 5 mSQEAMSESEQMEN
v FENESBE ST REZHMABELGTEBERE
) ) R
B REFMZIER | FIAR-MetenEREE | S%/FHB 100mm EATE gy
BEGHEBES AR o
%
R | RERBEE | ABEE ERAKEK
24 538 (R B
| R BRLEE/ T
= | —BE (ESTR| SHRNENR FEFIREARREN  UEE
BgEL) EHRE > BE » KLk RRK

ZHFESL -




(—YHI=S

EHRARZEHAOT :

. BREEHERNZRER,
LEBERERBRBRERER
.RBHRERAE,
LEBBERBRLIRONE,

5. RBERB,

() S CIE A ET B =3

BEBMNTRZEERSTEN AHLDS2ETR AR SRASTAR
rRERpARTREEEMER, RRERSEERKIEE, THAXDS
sEEMERZTEYE, TR TERBRORBRUBDIRZBE,

(=) WBrEEIEEEIREB/REMESE

BEABEREERET, THRHER, REEZZHBELSEAEHRE
SRERE 60~6oE M ENERES (28], EHYRERAEEEFTE
GHTES, BIamABEEERANR L AATABF2ARRSE (27, 20
30, 40] MERBAKELESFREES KBEAAESFER (27) 51,
FEAKBRIBEEBAELBIR,

(pg) IRLBIEEEE PEE B

NrERLEEFALNEEE2RRES, CEREBEETE, RRLH
TEERE, REBEEMERERNNE, BENREKFREYR-ALR
MEENBATEREN, ARNTRERIERAPEYE, VAETHEER
BRBREORES



ARRERBEBBARSIBARI BN ABRBETRS ARTH, HB
ﬁ@ﬂiﬁﬁiﬁﬁ. R-Meter BAIRBEEE i XELKBEFIEREARHEMN
Be bz 2670, 30AR T4Fl=% P.CEBR 76F.—% R.C.ESHITHESE
, BERNABERLIRE, R-MeterMBREFEE, LA PathfinderMBF.
B,
RBERRABEEOE 3-1%H 3-2/FF.
FHRARET2HRBFERSBOT -
1L.RBBEHEY M ( Field Observation ) M
RAHBGKAZRAETRERRNGEE, YHEABLCHK, B8 ACI 201,
1R-68 H&EMm=E, (38),
2.5088 %% ( Test Hammer ) HE
B ASTM CBOSHEHIT, RELZZREAHKFEERMEYLER, mMAE
A H & & (Inpact Hammer) MBERLF@W, BERKEER, REXES
HEERLTURRE @REEHSR, MOSBAXTHRMNYTES HRE.
3.8EF®( Pulse Velocity Throught Concrete )BZE
FABHRK ASTH C-597 2REHRIT, ARBTERHTAREL S, £
MEBHEERRLF2EERE, BHGERRELIBRERZERA.
4 RGP EE( R-Meter ) KB
HERBREAMHRBEREE, JHUHEGUE, #HAUREEZEE, @
FoHtRONEVEREZ2BE,
5. BB E
FHRBHIE ASTM C-876 ZHEHRIT,
ERILBMA—EBLBXE, CREXEARE( HE NG&E( EEH
B IZHER, AUBUEFAFAAZCEURERVE, FRALBEY —&E
LBNMTIGEAGRO LBERBCBE, X8 EERREE Colebrand
W B A B BPathfinder AR B R HIR.C &MY LIBRAEAL,
RAMARBERNBHTME, VARNIREAETSH2BHERGES, 258
iz BBENNERMESHREEZS S,




(G IESE L SRS S .O AR

EHBRARRBEOFERIESCHAIE, SRAELFEXREARBERER
BET, BREZHRAFERE, EERGKEABRABEREREGR L2
mEME, ARRERLBLBRALRAROREEFAZOERECBUS T
EMAMALEBHEABAZRME 267, 30AR T4H=% P.CEERT6F
—X RIRZBMARUZABRREEAVETEABEHFAE, YRNERER
TARGEORBEEITAR,

GO SREEEE 57

RTEP.CHERRHEZERIBEIXRBRRETRBAZEREIAAFEZR

BEHSNIHFEBTARERE (32] :

1.@0RBER
HABEARMAESE, ARERTHAERERZERLIEALRREE.
ZEREK %, |

.MMAE, thERAKREE
AFXFBETHR. RBEERNEBAE, URIFHEBEE, XK ASTM C-642
AREBMEERARK,

SKERHHERHSE
RTHEGERTIF2HTHE, & ASTH C-352HEAEEKEZSERA
B ZLEE,

4 REEFEE
RTRBRKTFHEREFRAERLIIRBABY . BK%F, BHSBAKE
RARARBEETREF M,

S.XAEAABXRDRFHIEFHEMECEN o, THAIRRLIBRHORE
LREXEFARFTRFEFHANTE,

&m%zm@aﬁ
FHAERFRRABE, HAUBE, BRX....F58, UTHBXABE
R BAEZRE



(a) BEEE TR (b) BEEMENE

(c) BBLHENE (HBE)

(e) WARKESH HS (f) BAKREAEHRE

W 3-1 HREREBARSIAEITHUELRABRAB T 2HAKKREE



(a) BEHEIE (b) R-meter B E

(e) Pathfinder B {78 E & (f) BORE

3-2 26, 30, T4 P.C.ERR76F, R.C.ERHEETHMWMMU BB R ROIE

_38_



9. #HZR&SESRoPrEastss
() FSERFEBAXR =Bl =3 . SPreastss

L. IR®RH

(DEMBHABSEL 767, UHE 4-1 , XHE 34-377 5% 3200= R W T,
BRABAEIGMEE, T6AL R.C. BRI, RBEALUEHT
BABEUMBEALESH, XTHA 1-33 7, 38-61 L, 70-75 A2
23.10 W, 62-60 7R 44.6 ¥ RESHENEELE (18) , FAKE=
RAE, MANSRESESE 23.1n AASEMABSRAL ( MEE
B5 ), BE 1-33 ASHEREMBAASRAL, ME 8-617 %
ESABRAL,

(Q)ABHIK AASHTO Std 1. 13. 10 RARMBEEMRE (18) ,HHMAAS
BAAMBRER 2 EEHE (39) , BALESN BT, RABE
SEEBHA. ARIEY, TEAISBESEARL 15 ¥SEE |
AIRKEEN NGRS, RIS ENENEBEAR, & ASHHE
BERER BRI HRTEREREEREMEE R

QOEREREELELRHBERTENEMA ASHTO H-20 KR 2 ESEN
f, (18, 34 ) RBRIEFRKBARBHERITEEARLED
BERS 0.14fc’ B, MERESMM—, EEA 0.145c HEAKX,
HERLBREMRIE, ALLEE, SHERL2SLBERAS |
ERRRT, BHESRENG 13 %S, EORKERLENEEE
A 0.14fc’, HE AMSHTO H-20 B3, EERERNERT, KGR
BRFMHSEBEN (33) EHHERRE, DAGRE. . SHEE
IE, EARREERFE—S2HA, USERRLERNEN, AY
BRITETE A IRETH NS, b SR REHEEORTRE,

OEB2EB/EUALKARSHARBEL ( Fully Prestressed ) 3,
ERERHBAZEUETSAS MDESES NS EBE ()& R.C.

_39_



GHLE, BRETR,, ERRE, B EBLRETHT ( WERE
k%) ORATRE, HEG, KRGA ()ENTREESS, BE
BEGERHETEE S REEA, GEIRHHSEARBE, OF
EHEHRIEEYEN A, ANERLo GG, DE. BE. BAZE
MREMEAS. .. 5.

2. TR TRE

OBIEEEZHNAREES, HERRNLARE, REHEETHY

 AEosER, PEAREZED, o AAREETHI0AEZLK
L (21) .
WL ER2.525, FELEA.78, MM H 2N EE, MRAESK (211

QO EBERBTEEREREA, HDERAREEL, ABERK, THE
RELRAKSSS, MRDEME2EY, FEBERL2EHEGE
BEMEE, AEREEECES (19) HERIESLAKE : RK
: B : K= 50kg : 13kg : 63kg : 3lkg o FHZEER RGABKIEHR
RIKFIZ 0.03% o

ORSIHARZEREREEDT (19)

 (BHBANER 25w, RHEE 350ke/v’)

AIKEE | KER | AKE | RE EHAFME
39 % | 460 kg | 180 kg | 5-7 cnm 38 %

HEME | EHME | Pozzolith #10
1085 kg 665 kg 4.60 kg

()BMBERM (pozzlith ) ARSEFLFMRE, ERAB-RE U
SEHEM2RE, SREAMSWEEAKE ASTH Type I BfF, ®E
1B, MEBUREERET, FREAXHASHFRERIZKRBAE



SHMGRASES, JERANHATHE (21) , EHEEAT, £
EE2 C A BOZE-NREADARMAR, BERHNFEEARRS
BERMIEZ—,

(5) KB LA 3 B R 3 28 350ke/cn’, HERE A MR A 1 B 2 6 Ak G RO S 2
RETE, BRELTRE, TREARIESZEREREZHAT |
ESEARHEEA 450 Ke/cr 2BEL (21) ,

O)EREAKE, EHNERART EXARE, TREERIHALSRE
IRBEEERHEH, ERAERAL2E, BRERRLE, BREF
SFEMERLINS2 XK, NERARREE, USEABRENS
SoEMMENM (21,33) EAGREERE, UNESAGREEE
B, ERELRFE ABERSHESBEGRERSES (21) ,

MBERAGREEY 545, ESHAEATE2HTEOES+ASE
SREMEEAT (21) , MREEASHE2 R &AM ELESE
B, 95 E M AR B,

OERLERLTARRLASHEALAREZE, HREBTSERE
M HEHRTSA, HUREAET, MEERERE), REH. ..
SEE (1) (31) , BE2ELE, PEARTSHBRAREE, BRY
EAN, FUHERMERBSRY 2SS, SEARLHE (ACDRE
B BSI( British Standard Institute )N ERLESERR T 2AH
LREEETRA, W R-1R BL-2, BHRRLEHZRH L—BE
HERELES, TEARELRET GOZESEREARERER), B
B REE, BORELE—EERGEE, XUESEREE Oo-
ment Inertia VIS AETH, MERBEZ MM, HEREB—BE—2
QEAZEBEBEREM (34) ,

OBBURRTEAREHF AR BAE, BEAEERARRER—RRE
TEAFH%ES, ATLEHEAUDELRS, RERETEEEREE
EREE, SEEHTSESHASELREATERARES, 54, 8



BEERSEBELT2E® (AHRBASFAE ) , FEHEHESE
RAFZEBE, BEOAERASEAZ AR IHHEHBERABES
CEEEmERE (21) , BEESAEHE MU LEEBEL1R4-2 0.3
mZ B, HEEFARIFR, RERSECBHERFTR, BtLEX
BREBMERZ—,

JLEBRER

CWEABREE NFEXTEE, ERE SEELICE, XRESHAKTE

19005 BT, HRE AFE2RETRMER 003 BT, RE 6%, &
£ 1AZE BARAHARSEMBER 2 TEILE 403BT: BRE 67
£, % BAFARKAREENERE2RBETHF, 68 19875 B
674 % I6ASEABENRER, £8 13887:RE 7246, 2
12, 13, TSR TMBEE, % 198835 RE 73%,7€% 32-T17#k
BrBtREE, {EAAEIELIEE 30008 BG.

QEE T3EEE 1-31R72-T6ARBRBBIEE 2@3T.

CYRBRE2HBER [20] BRELBUNLREFEEREUTHERRN
HBAGEREEREE, HREUEGABE, CHHRENULRRLEN
SBRE, MEEBER, NSHEGHATE, URBRIETAENEEE
FREEE, ELREHER.

WEEHEZ—RERGE, RESGSUIRIERER, FARRLED
BAEEHERE, BEAREERSE, B2BEARTRNMYOEH
, BABEREFRNY, TRGABHERENELS, BEARE, &
HERKFHEANZA UREZNEABRFZZLER ERIREHER
IEBHERR (23) , POERSEERN, 0D FRERE2H S
i, AHEBERSHES SRR T IREIRERGBEN,

(G)REER (DZRAFT, SRERESFRRMABES AERDRER
EEMEE, MEBA (16 BETE, BERHER, MEBRAER
BHEREMETS, BEEH BT (35) , SHBEEABRETRE-3E



BRERENHRBHES, SR FRRELGRNE, SAI4ET

HAGH, BE 2IFIAREUGEE, BA-FRECFRER, Hit

BESRESRAT2EREGES 142050, FPUSRUFER, B

BERE S0 g |,

CIREXB2HRERGEARER, TROBAVBHANEHRE (26)

 RHSHERBEEHE R ENE (34)

(WEHRRLLEH
PEAREEES —, KETHESNNNELEEEN A LS
EBEERTEHEERE, RHBENERE2HE, BARESE
EEMREREARA T2 a8 BRI, i 74BEA%HENER
L2RHE, CRPRESAMTEEG RO BE. BN R
@,

BUBREHEEHE
LEBSRHOEBAATR, AEESRERETER [Ha-2), &
ASERABEIOZHAY : (DABZESERTRRESENE |
TMMBEERKE2ES (KAPRE28E, THMSEY 14AR)
 ROBEASRRRZ BTG ; Q) U NEEHFEE
DEEE, NESERFSEERA BHARERI DL LEE), o
BOBMEE: QASRBERFLERZECNE, BRRE UK
RS, MBTE M ( Neutral Axis ) HETE( MEENNEH
LK) . RYLERESEERRNSRBATS, LNEHEAS
BEFEY. Ha-firlAXTR UNBERKE, ESBLERE
AEESE, ABGEAKERELEN, ERA-BRE2RH (UH
4-3 ),

©) BREELE
HLESHAORESEAEEY, AFEOAEE2GELH (5
Mian2 ALE)  HEBEAK, BEBEAK, HBREEDEA KR,

(D) #t 18

43



THRREESRERESZRE, RERTRERS: BEIEXE
WY, DEBEAREALN, DEERB2IES.,

(E) 82 1

SHpEMREERERE, EHRBRESEERETERLE, HET
® A

(F)f18KX 4\ (Cable-Stayed Bridge)
HNEAERS RALENS, TERNIINEE, ERABETHE
Kk, HOBE. AEBTEE, ELoATEEEEEERMERS
Alex Fraser Bridge , B ABER 4650 , ANXBEZHWTRR
FROSRESEREE, EZEREARURERIE,

OELRBEAE N ERER

BHIABE 34-37 FLEEMA 320 ARE-REARMAXBEEEAR,
HEBNRN, TEEUBEERSREN, MARENREEEERE
B ES, RATANTGLERBMTREZR. RESEE
 RERACEGARERONEMERER, ABENESEASL
., ATEAEENERATEMXENBLEURD, BEGHSH
SHE, TEEMRETRAET. A RRESHENR,
worRyEEN, ERHTEENBEMETHRERMBEN, KK
SRERAEENTARAREES, AMBMEES (35) me
LEEELESNARE, WEEA L BREAR, TRENRE
e HEW., ATSAMFEK, BRAkBSSEARRLEHE, HEX
BAEEENE, BENREAENCMESTER, RENBEIS
. WU BETE, NUNRABAL, TRENRAZEARERS
K%, DNERREHRECREETREERTE,

() R F B S AR E ST

1.8R



(DEBBANSIAMREREANBER, YRRETSERABIRAIARES

MAKIABRETHMRRZHEEE (29) , AIERPREES 1.8, M

. ‘ FRHEBIETGEZAEEABRERTETFAAREAERETLE, ¥&8
BREERBMUNENEETRAXBARFHEZ 2o (40) WE 4-3FF ,
B EEBN I EIRAERUOEZRF K=Y 58u+RFARE
=1.85m+1.46n=EL. +3.31a , BHERH BREAZE KL OM, EX
fz%—3.0m(@4-1) (19]) ,

QEEAIXBFHEZARREARRR ME 12ARHBESABRLRE
REHHHE, RBHE (30) RUESHLHZ2ER, OARMZBEEERE
HRAM (AEHFEEREZFAA NE WESFRARRHEEERSH
THEHE® Hs=5.21m, Ts=8.5 sec F# NNWHEERAMR ZRRITH &K
#A 0.53, HFREZ/URBRZHRES 2.7 UTHEEFHRARIE
e Kt FMzRARTBEEZIAKR, EEMKEG A IRBEANERLE—F
288, A TER, AERBRTER 2.76n, RMBBTEBBE LR
SMELR, ERUENEZEFRRFEES T.TARBLHY, BLEER
KERMBERME, FHEER 3.6-7.2A4R,MBAEHE 5.3-12. 14AR
@wHE,

BQEEEEEEEFZHF BREMIPALFHEHURMLRFEFHEIK,
ARBE- WHAZEESEES +5.5, BESEARAAL. AR, RBE
REBOI+0.0n, REEETHEML2LAR, BFEHEHEZIINERFEZRE
A, ENTEHEYPMA1.BARBEMERPIRHEEE 3.6n224, A
SR BRERREZTEAR, AHERESZEREFDEMWER
E, mEENEHEERTHAELZE LR,

2.B%

WESEZERSAZCRAKREBWE 4-4 , (28) , FAXBER@DEIIEB275H
Al AREHBRLE2ZHEE, BEIEERRIERTEERERREBE
MEFE 6A- SAFEEZERASN, RERFLEEZER, FELGR MR
RLAERM NNE 45 41%, £H 10-1AEE 63-73%, BHEEELHE



B 4-6%(5.5-13.80 BEMEARN, FHRARESBIOARNLE
h% 1237, CALKBAEERBEESHY L, SRAKBSAEMY
SHEE, BHBACHE, HEGRN G2 BERETBE2HEN
REEEMNEEABE,

() BEHE 1971-198055 5 R B WES HUE4-5, (28] , BEAR
CREFGEAS, EHNEE 50-BR MR TRERLKERK, HEE
BER50%, HESBASEABEAREELR, HLELERESS
R, TGRSR Rk, T E A B IR 7596 1 T T Bk A, B2
AW, BEEREEEA, BEKEARALT, M- SERAZAZ
%, REBARERE, HFAHBLERL, SHE2MBEEML 50-
0% 2 BEBRERA, HEBEBILRKE,

D EHHE 1971-19805 25 S FERESLOH 4-6 , (28) , FHEZ
FBXR 0CHE, TEH 123K, FR2MBEE 11.9C, HAGRE
Bk, BREHESSERRBFAMERELERR.

() BB RE1971-10804 5 A P MR R E BIUE4-7 (28) 45 7558
TEXHERES 977m, FRERERZ H10724E 21458, 4am, &V 251980
£2531.3 m, FERANE 9K, BHRRSEFES-IA, SRS
ArRRBRSLEX, ARRZRANES, SEEESHE, REBON
B2 R L AR BE K, REEkSHEE,

- 3.EBAKKE S

(DRBEEXBRAZERETR X 44, (27]) EXxEE2BKBEEES
1£32.7~35.1%, BRABHEZRK, BEZKEIELFKR, HMT5E
9 A9 HE@BREBIKEE 0, 3. 5. 8, 10R15a THREHRBM.1%FE ,
wkZHEeE (PHE MARRBEAAME, EERETRRARNKE
EEHNENR, BABHRZPHERLLSET.S - 8.4 2H, REHIE
BHEERR, AEMEEE (EBR)2EBEKERENR4.3 - 8.0 mg/IIZFai
, REABKE, WEFEBRE, MEFTEHFER . FRESEEINAH
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BRIGwMYompiEx,

QU EENERMNIRLS BErFHBEKEF Na* SEKRED 25,289~28,664
praf— S 210,760ppa3 B, Cl~- & & 15,962~17,304ppn tE—AR
S#219,353ppmB K, HAEik (Mg™ )RF (Ca”™ ), BB ( S0.° ) EFF
, FERE BRI BRE, MBKPF2IE, KBRREETEFHHEKE
KEBEELBRE, MERSHEZEL,

() IRBIFEEE BB

(In—-Situ Non-Destructive Test)

1.ES8HN

(DREBABACHAERLIARER, #I2,. HEZFL, WE 4-3FF
, HEFOEHERERFRESSmAEER, HERRME. ... .. F
ReRRfm, PEBSEREHERRCHATE, B 4-0 It RAERHR
HIEEFAANEBRTAFESRER, BEMHEBRMAERZRR,

QERBABILBPEHTRBES, BEREIIRTHRAZE#ER, R.C.E
g PCEHEIEMEER, HERAENEIR TEHHRARZHAMEER
E ERABSESKEZHERBEZSHIA AN,

(3% 7682 R.C.EHRKHF, AJRAAMECHEMARIBE [35], 34-374
REEBCHAREMAORETEREMRE, M EBitMEaRNNEHE
MEpmEE, EARARBRANZNERAPNRARTHLENTR,

(ORRSBB ARERK KW F4-6; H4-10R4-11FT, B FTH
HEIRBRAFEEARZPRBY, ERSB2EEFTEUHEA, W70
AURATEREBURNBEI LIS, EAORBRBERZE RN M
IREHE, MEEEZTRRBRFLEBHAL, SRBRKREBRZBA, W
EFRMRE EEREAGIENBLEER, FROEREFTHE ERESRK
SBEREREIPELCIREAT, EE/AEBHER, REHZESHE
2EZE,
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2. 5L EH B (Test Hanmer)

ORERBRAOAERTET2LE, HXBERHANORERLZBE
A 350Ke/crbll, MAERB2GRERARLREIRANRE, &
B, RS BenESE, (36) XRSYREHHABRESER
LtEEZRA2ZHML (37) WT %,

RENE | FEREKe/or) | RELTE

< 25 170 =
25-35 170-330 FELT
>35 330 &

L L2 AR R ERLRE AT, AL (55 B (M M5096 [36]
, ATRABEE G EBE M, U (L M SR 5 350Ke/ o
BB TEE, EAAHE,

(2) Bk 350Ke/crt 2 BIE, ATREIE, BHXBESHB, EEE2T6T |
747,. BARBLES 597, HABZRERESHED He-12, Ha-13
CMA-14, B CRERAREREHY, BUAARGEERREZE
i, ARBAEMENRBE> SRR TARANGRERERMZ B,

()i B4-12bT B 7672 R.C BHMB2EERBELSERR, MEE

B BB MERTRE TR AEERLSER R, Bl
UaTT B BABE AL EERRLSAAE, BAE CISTRHE
RigsE ONBMEHZAR, HES, SHS2THERE, MRS
BEANNSSHEERE, BRENZAR, KAMFRTH2SHE
FE.

W Q) TR SR, AEM B BRI EH 2 AERAEHZARE
WEE, AN ARSI AERRE, K DTHRBSRE
BB EES RN,

5) B4-16% BB S BEEERR LA RES HE, HETTEY
rE WMERE-REABEEE, FAURLSTENZKEEE, AM
S EEEER RN EERE S EHRE,
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. HEHBREFEE
(DRI ARG EME( R-Meter )EME 267, T4 HHIERE, HEXEFE
BEE 30-40mn,

& — i FE_H E= %5 7Y {55
264, | 30mm 36 mm 33mm 30mm
745, | 38mm 38 ma 45mm 36nm
(Q)ESIAABRCENRRET L EELH30~4Tmn,
B - Jt i} E=
594 (4B Bl) | 28anm 38am 49nm
59FL (@) | 3lam 3lna 32mm

HERUELAEBREFEE, JE 307, FUREBEERRE, #
PEEVERRUBHEAG R AR, AimER G,

(QVETOFAR.C.E2, HIEHNREMLHEEY 547, MERE IRTER,

WHAESRTY, IR ARREFEHAE, ERABEIARAEY2H
o RRICHMARE (21) , BULEBIFAR, ERAGREBEEERE
B, BETEDERERMAY, SRENIABRERN, BB
XA, ZEFRHNRP.CHBZHT, ERBRE,

4 BEREH

(D7EELEZ 26, 30K T4fl=% P.C.EBRT6A—XR.C.EEH KL FREH L,
HEFREY, EREVYELFAENEY, FOIBNZEREGRERLZ
REMBE, RBELQZ 3060n/s, MBI (8) f8di, BT HHESB
4000m/sBf, HEHRLIEHBER ( Good Quality Cover ) , 3000m/ski
THEEFRR ( Poor Quality Cover ) . HU EZHMBEATKE 226, 30
T4 T RERREBEFRBEZISES,

(QERKZ 59 fik 33 ALK, EHEZWAUMAEBIFETHREY, HES
BEXRME, ¥E 2000n/skt, EHE 5000n/sEh, ( EBRHE



fi, ERFHEHEWHAGEE, KPES, BEFXRFEELIREER ) ,
EURGEZEAFREREZESBRE, EHXORBNFEABKER

RERERER
5. et E A& A
(1) REBASTH C-876Hl @I AT BB EARMNANBAG I BREENTR:
ASTH Van Daveer
E <-350 aV RBEBER > 90% > 95%
-350 s < E <-200 mV EBEBEE > 50% > 50%

E >-200 nV JEBEBEE<10% < 5%

QFHAESEEELEZE 74, 26k, T6FAAREFEARE, MHEEE 591K
BAFRARESEE, EFREBERE, BEHEIE SR ERRES
BiR, BEGHENERY, TEAPEEEL, WEARLRE, LHE
MEVRERAGES R, LI ERRBETERBERE2EZE,

()@ 4-13c, d, % TMAKRBEZBHTU Ry B HE P oTFE HH B E
BN -350nVELl L, BDHBEEEERIE 95% LA £, M@ 4-12b. B 4-13b,
4-14a2 FHBRLBES M, EE4-12c. 4-13c, 4-14b ZEHEE
SHEETEY, HEGRERESNUNENTZBRBUS MBRBERX
ZHE, CRERTHEEHAGEMRBEEZIHME (38])

(P9 R BE LS5 6E = 888 /.0 B AR

FHMAEE L2574, 30, 26, T6AFARENEDNABRESFVERARLCBHZ
B
(FA) A= 5T
.80 85 BEm
MBOLRB2NESREETE 4-13, RE 4-7T FHEBETFABRLERHE

RRIEGHE2FARER,
()RB ACI BEEHREE, HAEMBRANTE S 25 B, HEHMHES 65%



, ARFTRERAY 49%, MREBOSRBIHW, HEHEZEAS
TEHERETE 40%~57% 20, BRASEEH, EJEEQH&'&E. B&&
AR, REUSGILERERLRBE, XHEHEHZZRER, &S
BRZPKRE, FRHAER, SHIFSREESER, BMARLZE
Ktt, —BERHIN, BHAUNEAGRAELER, TERARRET 28
ARH, AMBAEER, EARBABEAMERERBIRE, GRE
BeREZ—,
2HEBE2LE, ABREERERER

(1)FR4-8 FA-MGBOEBZHEEE, ESHNE, BERENE,

(Q)EE4-8, R4-IRB4- 19T B LB EHRBTHYMERELEE, B
HERE RS RRATORRARREERSE2ESEE,

R FA-IGEABLERARE, EE8ABILLEYE 2.60~2.7720H.,
HIBRTE14.02 ~19.64 %B2M, HR4-8T W, HMWEEFEI4~518 ke
/ew 2R, RBOBEFHE( 350 ke/c P Z2H/HEE ), BOHHES
ERE, EXERERED B4-19, TU0ETSIFHHCBREBE, i
RERLBREBRBE ML, RTABERL BT,

SKESBRHEAFHERRE

MRORBZAES R, HARHLE, AEXSRATAFAESSH, BE
RMFA-11RE4-20,

() 42000/ BHKECSBAER AU IESBEE, R L ZH 2460
kg/m’* DTHS, T4FR T6AHE 350keg/n® LT, M 26HE—RES
B 705 ke/w’ HERTE 170 - 210 ke/m’ 2R1: 307L, —# 710 ke/wf
657 kg/m* HERTE 148 ~345 ky/m* 2, KEBFE, FRERAS
BAREF, IR ERSZ—,

()8 B4-20a/RAI B HHHEBH LTS 6.25%~57.92 B2 M F L FACI
ZHE, MHAETHT, ERLSEFESE2HE,

(DULZHHER, TTHRLGEBRENER, EEVEHERER+2SE
EARE, FURRIZSERR, SRAMEFSTHNEBG 2B,
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LERTER

OERETZEBMF-12FR

QO EBA-R2REANTHNERAE LI RE RS TS EL14000prn, MEERE

8 6ASE, AEMTERINE 6000pen £, BB12000pn 2R, E
HTORERIOSRRT BN, MRMMHMLE, 05K
EAENTEGRESELEENE, NEFS 6-01RE, EERE LY
BoaENEEES, HECBRESRBTREARRTE, ERET
HEEN, MEREL- BRI FRREH. 8%.... . S7&.

QUAEERLtNRHTEREWAES, BTREXKAN, EEBAR
A, BERERREERNLE, FARERTEA,

WESAERBREREAEREE, TEACRRETRATHEAG2H
M, AR REEZBE,

X KAHABRANRETEMS 2 RELRE S

C(1)X- ray S3SHEDE-22 |

D) EA-DRTSABGER LS X- raSHEE2BYRGE, BEVILD
BHERLIER, TEEERLESR, ERRLAERE, BXHEHD
RAKA, EMEERLASSREERBEAE, CRREHETEREY
N FRETFRERESEA, BRAGEEORLE, MEEMH, 76
-07, 76-06, 76-01, HHRLHBHTE,

DRFATRMBBA SR ZHRCR B CHBRORE,
B4-23F B EH Calcite @, MHEMAERLORERLHS,
B4-23 e B RERERAR R WERREOEtringite 3 REBAHR
BEEMNGRE,
F4-24(a) BIMRHEMA C—S—H BHRLYBRAERY, GV ELA
%k T B S8 Nonosulfate B, (O TBHBTHOFRUARRAL
Ry Ettringite,
B 4-25K 8 Ettringite £RYW. (b)Ettringited C—S—H(C1™) ()
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WERHREAARBILEY.
B4-2671 R it 76-2095 S5 B AR Evtringite, B M7 G BAM G 5 @ 4
BE%,
B4-28% AR EttringiteRCalcite , B HARLEERLE SRS
W@ R E,

WHBE X -ray BH54 R SN ABBRHENRER, REATSQE
RIZEMOBERAGRE RN AEEE,

EGZOEERE

OARBGEROR:14, OEBGE, £, AHH, BREE, KUBE
REBHEE,

QEBRFAEESHAGEEN, EHERGES, TERREERE,
BEARHBE, PELHNZRST, “



L)
»~

BRBYHARA 1-V W

000 Y 0USHIE WhI N O o bh i

R ¥He

or-

Vot
I/‘, —— |

5t

ﬁ . \:\ \J\‘il\%/g/ ﬂ \ - q . v
i A U nacmnateontmengballi = f - EE%EE i
=1 | . 5 .
& o~ (7. T e w« mn
BlE s ‘ i HE L R AT LR A FUERTNCY L
LS L A T i MY i N Wi

.000°005:t Y

WoeCytt




10\
'u
|
l
2
<
t
|
—
_|

s

i
r 11 i
L
>

) P e EE]
r S o~ . g

. /:‘: s/ RN
|

Y|

12 9GO0
1900 9 100 1900
| |
AR} ,k ! ;}E
6010) | / e
e Y
L T i,/i'z - J( 55 i
l'/ : S
' 9 700 l
t l !

3 —BRAMCAAELF RS 2B U



(086T-1.61) RIM MW AHEAR v-v W

3500 arn 350y ONIA 3504 ONIh 3500 QNI IS0y aNIn

3S0Y GHIN IS0Y U4NIn

80008 BT J9qudd3( 1990390 jsnany “aunp [1Jddy KJenIqa,
[ 4 It ] . <

3S0U AN 3SQY GNIN 3IS0¥ ONIN IS0Y OHIM 350y ONIN 450y QHin

JaquUaAON . Jaquaidag - youey KJenuep

S.

()

"
P
.
P .
\.\ SO
. . {ats .
’ WSS
NI
\ /./ m .\ A ] :
b N ST
-t ) L.
—— ;

" .

P . T .1/
Sl NON

s

N

o

O B
1}
+
v
[

.;!—.c\\

\

_56_



W%

(%)

80

70

50

31
30

i8
15

. @) FHEHEE

RNEHEE
Q)

A

4-5 BEHSERFHEMHEEE (1971-1980)

4-6 BHBERBAFEHELHE (1971-1930)



210

200 -
190 -
180 —

170 - /
ph /
150 -
140 -
o 130 -
120
110 = \
B 100 - , \
80 -
(mm) 80 -
70
80 ~
50 —
40 —
30 -
20 -

10 T T T T T T 1 3 1 T

- Ab
-1 EHHEATHRRRELE (1971-1980)

_58_



J

|

77770 —
TS o
AY E>NPZAN

g

LTy
T T T ] o
Bl
| : L;’—-ﬂ\:
~ ¥
L2 T~ 7:
._Q_ O /.
I Ve
0 81
REB Y 1981 1983 1987
W& o r D
Mo i o 2 3O

4-8 FOAARRSHA BRI ST

_59_



pdaakel

oAkt

60% - 12
50% ~ l ) - 10
=E
(2)

T N—
40:-‘ l! -8

i
30% ! -8
20% - ) WHEEFE -4

!

B \ /\/L /U )
ox T —— T T T 1 T T T -0
30 40 50 80 70 80
L3k

(a) AR RIAL
80% - 12
30X - o - 10
] o BE
40% — \ / -8
30X ] / -8
L
20% — -4
10% - m EHLEE /\ //\ -2
ox T r/\A T T / T T T -0
30 40 50 80 70 80
L5

(b) K #8225
B 4-10 ABRGERLEREESENLE

(/s> M

(As>) =



L el

RO

sox - 12
50% - -10
=B
(2
—_—
40% -8
30% - \ -8
!\ |
20% ’ -4
BHLE=E
- /\/‘\/\/\[/\i\/\ ! )
1
ox T T T 1 — T le\ T -0
30 40 50 60 70 80
L5
(a) KEEFRIBIL
80X - 12
50% - - 10
@ a8
- - ;
40% - -8
\ | ™~ |
30% - ' / 7\\ -8
\ , ! | \\
| f
20% - ’ N -4
| BULE | |
10% - m | -2
ox /x\ /\r /\#/\ T /r \ T T T -0
30 40 50 L5 60 70 80

(b) KERMm B

4-11 BREREFXEERSERLE

_62_

(Cuss) mE

(A5>) i



fits)
]
is

B} ZN DL g s Ed "D d N1E9L (P) Z1-viEm

$8E~ £2v- 00S- R6P- OCG- §26- SEV- Opv- Glp— 00v- SOp- GEE- SFr- $1r- 00P- SIP~ C2¢- SEY- G2¢- OCH- Y+~ GSE- CrE- 06E-~ 0BE- CEE- Olp- $6r~ GBY- 0O¢-
09%- Ory- 0Br- C6p- SOP- E¥G- OLb- 08~ Rrr- O¥P~ SZb~ 0Sr- 028- GIS- G¥r~ S9¥- 09r- Srr- Orr- 0SF- SPP- Srr- §2r- Oly- S29- UGE- SBE- SEV- 0SH- SEY-

S6b- Ghr- GCr- 064~ SLP- OLP- GEP— OL¥- Slv- £6P- £9G- 00S- SES- 0E6- 026- SIS- S06- 0Bv- S/b- £25- 08y~ 0BF- 09¥~ SHY- G0S- 00S- OLV- 09~ DBF~- OLP-

g
L5
L572]

B9 el £ Z3) BEFRF R 35k "D " A 1E9L (@) Z1i-vE

e.w.: .\.co.u . Joy baoi —— oo..///
Jq /yom\ 087 /\/\\. ?. —
1) ) €5 IR HESTRONE R "D U EOL (D Z1-vim
\oo. 2./,/\.\1\ L /lv o 7 \/fJ._...T\ e
\\l\: & — _\“UW o, \ V:&nﬁ_
\I\ ™ 7"
2. 27 —
w 0 07 or o
S NERy Dy 1F9L (®) Z1-vud
Wi
X7
B

IS 9 0b b¥ Gb 62 9V bk 6E SS EP LE 0S 2% LE BE 9¢ 9v EP bk Sb 9b Lb 9E Ib 65 LE Lb 9F LE 9v 0§
2S5 SC br BY (G BE BV EC bv 2b EP PE 9 26 6F Fb KE bF 6E 9E L1 05 S2 LE E£€ FE I EF 62 9% 8 bt
€E It FS IS bS 6E 12 62 2F OF EF 6F 9 €y LE Op OF BF BE OF €S 2b Sb 6€ &b Sk BE I+ OE 9b bb 9

) By 4o

-B83—



my gl ot

Fre'v

: > (
M- gy Fst FE 785 i)

BUZ IR EIsEE "D d 1EVL  (P) SI-viE

v odaralrront gt R fréogesgeapet prragpeie e o e e i Pe fe e wT. e GiE e e v Ae W e g b e uie] mee gy hspmagape Ay ISP RPN RIS Y (L8 o T AT T W TR- T WP Sa- S K. Wae be e Sif- $%- 66f- TR R brS KO ten me- W
us mie mm e e[ e e g e E e W S S T I et h o it Rond e . e bate e £ e SR B4 TP Tme WA SLe- STU- WO SRS MO 0N - SaC| e . T A e A S - o
aso- one wre sowe o] o e g e el e Al e - e e T AW 3 rEe . e W SYe W PR G S e R S en | .- g - - W A W WHL - - M i s W e MY P dree pe [ X L e e A A A bme oo e mte mee
T B et - e me sere pias e oo Te0e Wbe V- 4E. FY. IR TR e e o ] e I e Aot bR e T SR R e - A e s o S e T e - S e AN WA P W A

- o P

[ty L7 B E M EE "D T d EVL (@) £1-vHE

RN = \1,:1 N e S e =t .\}‘l...m;; l‘lMLE.\.. —

;../ 3 ,...i.\:\my ‘..v.uJ w\.\.a,.df. s.: J d NOE U\.MU— DQ

.”.ky PRtk 4 dWL\w\ -
S - - A g

@y CoFaEETENERG "D "d 1EVL (D gI-PE

ANy St Y
o mﬂ 4 b

s | [ R
‘\3»/,(..:. W / \\JT&? ‘ L7 \\ﬂ/ >N

®

BEWETENIEIFN "D °d TEVL (2) £1-vi=l

-—NvmnuﬁNQI-:—nu‘uv-vnvnnn--mnoﬂzv 1C I 16 1 EZ B IS IS FH AP PC b A% &€ I ST 06 16 7% 9% A A -vnvd—'qua”ﬂ).axu <6 @ 2r e v 4 t ¥ L Ot 8 % 26 I8 CS It 4 SC 46 G I X
M A 26 € A P AT T KN AR 2T 3T T 4 I8 < 96 (¥ 8% L ¥ YC CS B BE G BE v IS BB A 1S ME ST 6 €S (S § 9 25 16 M 1B I 2T K S8 1T 4 ann—“ﬂoﬁ.ﬁi ”» L0 3¢ YE 25 % 2% 2C 1S 28 2% e By o CE (C 9 AL B
96 4y FC LC WM 8 2C €2 €T 2E 2 ME VY aC 1€ o 1§ M b SE €E (C 26 SE €8 TE 36 3 £5 ST I ¥ M WY a5 Er IS CC 1 4 9 4G IC O0C S 20 bh BE 0% 26 M X 4 26 s £y sg 1 o Wb S5 o8 28 IS Y € CE &b L [V 0B (b V€ 8T (2 §1 0T
€5 26 2c 52 98 v P 8% by &Y 2T 2T S b €4 0E (> % 1+ $» SC CE 'S fC & A% 3E I» 2C LS 3 L0 1 Iv LS S 2 T 2 o€ 8% 25 v v v SC eC Iv AP LS 16 EE (% W 16 M % v o sv g pE 26 6 G2 b M ¥ £S €5 §T £2 A€ 06 f5 4C £C O K€ 52




S I e e e

= L_-! _E

B} 32 pEMRF "D°4d 1E£92

™ vi-vm

e e By P et S wi s et P = = ooy =l e
(SRR R P e e e e e e e e e e e o e e e Tt e s s o e e e G e e e o e 0 6 1 e b oo e mn | o
e tre o e e e o e 7 0 e e e e e e e o e e o e e e e e e o o e e e e e e e e B o1 e 4 e e e A1 e e 11 e e e |
e 1me o v o e s s e e e e e o e S e s e oo -~ e e e e e e e 21 o s o e 1 v e e e o0 DD

e G Ak St S e e e M e e S S e e wee e e 210

By o Bk O °d 1£92

(D vi-vE=

I e

.
llll\ /./Fl{l

P C\@ /,/k

==

N N e T T A R T
S h (e mee ten W TS Wee (S B tL Maes t= W AP e Wh 10ee Mrte me- pase i

B WS e e WIe W W B e mL e B B R e e e e - P

e @R e e N e W we - mge e e

DRl Lo M TETWPYIRsk "D "d (£ 92

() vi-vEm

P ary

?f

\ﬂ:t 2 ~_\n o ..Wa E
e @ww ez N,

o Vs [P s

N

=

\\




_,_:vmayma.»\m»
X -

s
h T o e gﬂ

Uy o FTRETFYEREL "D d 169 S1-vi=l

N o NN TR
_|||! 7z WD A

U e en g =
o N o lex/ (ﬁ\,‘v o
fiEs) e L 2554

ay

e S o ...,@.\:_../.. _w.”..»‘...}IK\,, i Al
2 Lo ot \
g -
0y o~ ..ﬂ \ v d
a8

~dggrn L

o e &
> 2
I O

-]
e

3

{

1

(s 1
¥
LA
l
':’-\)b
:’i‘(
,

" f.\.u/.,.: .AW«N\M.I‘
J,C \:J\}! /.: ﬂlw:\..\\ L \.u.:
-1 ¢ % \\\\ {. VA _..\.\ T ,;|.u T4 m\/cz/ N -
) [ ORI | PR S
H ~
d ,

\l/J

W e s Y e
‘V#W// u P /..”i ﬂ(a ...,flwwt

T,

CINEE 2 Ly , 2 Ry mm\ _____ R,
I v N o 5.:
_n_nYQWl*u“ ..\ // C\-/\ //m nm“ﬁd(\w. |,U.\Io\./m &_ e _ AR 2. ~ ....: A/oﬂm\.vw @ﬂ /ﬁ!y_ Z° b\‘\\q\yﬂ. g EM\ \w\ﬁyﬁ a.«quA Q
Wm .
L ) 5\ Z Vs Q& :&E\Uv F > raa v \U A@ ﬁ\- 1)
M:\Uf\vn/a/JJ \ @f v\ .U W/f m ..M.zmﬁ a:: A/\Jm /e .:\)MG. SN ud ) Ve \ N

~ ﬁ.\ L A& ﬁ \ \\ o

(RN

of¢ N

YEN




B 9 36 ST v X Y 1 F 6 S (D o1-vmm

M) Pyl B2 2892

w.:ﬂ €% 9 GF #3 »v 1 IS £r B6 2C GF 26 &0 #E €S OC b CE CC Iv 82 OC i€ IC €S B b+ 9% 5% IC 9% IE 9% G Oy e OC T 1C L+ £8 MC I% 26 A% ¢ T AC 6 S6 S0 1S 26 &0 ST G0 2 W K 0 our
' Lk
X7, | 03 20 2 2 5 v av e vS 2036 05 05 €6 S8 SE 0o bC 92 C OIS 9% L1 sy 3% 8% B BE 9 9F ME IT €Y BV 96 26 SC &% FL IC 08 S 0% LC B v I E 6% I 82 22 GC IE K% U6 06 12 05 BE 36 e vC 2v 0]
ol A I R U A L T I T I OC IS IS MF Ib 36 W 05 A I6 mv LS £V FC IC GE 4% I MG (b NE e 9 61.2C 1€ 2C 1 Sr M ST 02 12 v (T 6C OC C IC OC 3 %€ o Bf 6 5e
6 1S 6C 4C 1€ Or B (1 BT OC +7 92 22 SF S€ 62 (2 SC CC (€ 2C ¢ C» -
€5 83 2C 9C 2 P S (C O G (r I B0 Cr 09 CE TE 96 10 v 2C 92 CC »» M NE B B A G e I 2T 3 9v s 25 &b 8 £C &5 Y 0C w4 be

AL 3% 3% A2 25+ PC KIS 3% 0B B BE I > Db €5 07 2§ IS 3C ES (S

8% 9C €T 8% 2» 0 IC 6% I* IC 9% S 4T IC ag B S & IS CC 95 27

Ir €r FC 202 62 () VE Lr Oy W R CC IS IS 8C SC BC 1* () by (S SE €€ O L€ by 2v 20 62 47 2€ CC 1T 02 £2 42 02 €2 92 M %6 e 4C IC 1C €4
S 67 S5 (¥ ve 4y 92 1 > CS {1 22 Yr 95 CC 05 € CC IE sb W 60 bE B 09 SV EE I 3% 8C NG ML IS Y 08 BF 3k £5 £C 6C 77 IS 26 26 A 0¢ B €S 8¢ @ »$ O (C ® 03 0C 42 62 97 22 CT *C IC B SE v b 4C
O %€ 2C GY 65 B2 C» OC 2r (v () 62 @ I Or CC 6C CE €% Iy &0 O o€ 40 9 0C 3% B2 3% AS $S IR I+ IC IE NS £5 IC S IE IC MC IS A 4 &g 98 85 16 26 €0 £6 £C 6 OC IC IC LC AC 00 €€ (v 1T 46 % 03 v &0 95
29 16 26 €Y vy LE MY €F 21 2 IC CC 2 IS €5 05 2 2C 65 IC 05 05 9 @ 9% 7C BC I 4 2¥ FS IT 16 06 PC AT € 9 CF 1P CF G 6% '€ €T IS ¥ 2E 96 LS 90 IS (6 6 £5 6r 0C IC IC e Cr O b Gv B 26 L6 2% 7T
I 4 9 9 ) € Sr 0 B2 0r 1S 6 P K K6 IC IC IS OC CE € Cr &0 9 P BC 1% 9% 3¢ 22 I8 £6 BN PG Y AY 9C IS (S 2C IC 2C /b £C ¢ ..n €€ 1 €S +C 1S 1S SE € ¥C 2 BC 89 IE 6 0C @ L K % CC 9 v 1§

e} B2

[ ) €5 LT L X B 126G (2) 9rL-Vvi=

m S S
=T ES et RS

P b 3 F\\.% 3 lu/l, 2~ S
k/\M , B - W\\\H\\lwm m”\lx) }O\I,ﬂy '@WJ’AJ ‘




BETYEEIL (DL-7 H

0£-9L 62-9L0 G-9LoO 8-9.0 ¥2-9L0 I1-9L0 12-9.
02-9L 82-9Lo ¥-9L0 LZ-9L0 GZ-9lo _ ¢Z-9Lo 01-9L0
%m-w» ol-9. g2-9Lo L-9Lo 9-9Llo €2-9Lo 6-9L0
BEDYEBUYVL (8)L1-v B

oé-VLo g-v. o0

02-¥ ¥y-yo g¥-¥ 96-¥o G-¥lo

o I-¥L0 ¥-vLo0
¢-¥Lo

3) c 0 o)

o L-vL €1-%L ¥1-%L GLl-VL
96-¢ 9y-¢ 82-¢ 2I-¥l10 olv-¢
O 0 0I-%¥L oll-%L
8-¥L 06-%.L
o 0
5
o 9¢2-3¢
9¥-¢ GG-2 ©
mvmm
L1-¥L0 81-%L 0 9¥-1
91-¥%L0 o) 0Z2--¥%L0 ©
¥2-1 gGg~-1 0 12-%Lo 87-1
61-¥Lo o]

— T T
09 Oy 02 0




AT\
{%A\)B’ Ve PRl
\;(('..92 U %’5’:&\3?{ {

a0 l o
T o (s,‘ir\ é,qf},’/_ n-.)
g I 84 ,6 S A
- < S g s %QO
2 = ¥ . \o e
ﬂ& Ayt e
Lo WNEE 5
NS ﬂ\\%\f HRIN
P £\ K IINC S
XZI ey s
« )52 = R /\( "
he 3 /’5“ 1%2" ‘gf glq b ) :
g? L34 = & 1 :‘il!'
o~ % & f2
NHEY = $ Klipart
{ 0 g h < u, iy
2 Rl = N
~ oS B0 A ¢ 1;
K SR ﬁﬁf‘\\;'r/./ﬂf: ﬁ—-:
BNGESTA L 50 H@
%[ﬁ&@_:ﬁ% = A
Vel 000 5 2 s
FREh S & 0,35
FEhoOCTE 8 g 3,
PN G5 S8 Y PR N ,
] 18y .Ay.'gcf,o, ~ A
S F] // qi » /." ?,1\ ..
ki Y-
S 7 r( >I°‘\._}L
Nty 57 e D A e e
SR ) S a8 LT Lo RS
"‘é\‘j\y\)’ St e o feh 2yl T4 )
gg}; Vel - AN I L0 ) I
¢ gy T 0 Q?A gl 2 J\aaelf >
- i) ZyiE B 2L ) ;?a & 25
; L LGRS N g in ¢
e NWseaa T s NI o8, T A%
RN 5 e S N ¥ s T (IR,
SR PR AN IR 88 %Y
Fe o Lt - -y : . © N
‘QJ PR g’;)’.r\"/é q". .‘"‘:0
el VN ) P
i sy S LA
fej“:*ﬁf( g\:%; o7 ] L o 2
%R 52 . b ¥ s
o S 5.
o G LPE T SOiee s
& KOTINEANY) T RN LY/ AV (N
@ISR , Y 8
e s s

S| AT NG C‘{/jﬂﬂ%
) YR JES e SRLE e MR
“ 'A“"zﬁ 7.‘ "4-'"/?7 r{: 3 h‘\;n .

B

N
)

Woie o
34088

s -te
o e 835 . .
Q'f‘:éf\’/ o~ .J&k,f |“?q 3 & &
TSOBSCEE o &L < 8 -
{x\ NG \2“\ 1 ?\)?‘b' - /)4\.\
¢ U/&g&'ﬂ;uq” 2 % ~ Sl
el g‘;‘(& W piy
R 25T oot
REsn ﬁ”ﬂé
V;”‘;i ‘t..—’_;7/ ‘-'.i‘ lb-ilv
e BEASE EC 5
FEEERN = 5, A= TN AT Y
S g ch s\ LI
«('/Kl A3 ] (j 22 \ ¥
,‘1.,:({5;\7)7.)‘_ (J;\ /‘\‘:P/ TS —)Ol:_a,‘l/p“ o~ ' \“. '\)3
AN A W EES @ i ©CEmN
R o5 5 - |4 ﬁ/.{_, P [ — l £ S
> ftoz""i & ,Y’V,QK;?C(,- & s Y
Al B U T £
° YT j""-;\f ' & \ :—d 5
o o AN

4
3

) ‘a’l-:‘z - gq.(‘;v Ny 2&
v

74-04-56

74-04-45

74-04-44

74-04-20

4-18 &IR/CBX 58 51 18R 6]

]

b

74-03-56

74-03-47



() MRS

=
[

34 R mi ot

&

(x10°)

=

~——

T
17

T
19

21

B 4-19(a) MAARBOLBHBBEEN.D. THEGH

hi



) RS

&
(&
&

3 & ok 7Y

{H
(x10° )

el

H
-]
N N W NS e Y

-
<4
.

o 82 & iR

_ A
/ \

\ )
- - \/__/\/

5% B S %

a

13

//

Grasypebesisdasiine

“¢uLu¢u¢Q§;:L

Uy
.
N
.
»

HERRK
B 4-19(b) 76 ARBLABHEREAND. THRLE



NN AN N TN
(SRR TN SN
AN SNSRI

EESOSOESESSSSE

NN S SENSNSEhN
AN S SETOENSSRN
SSSRNSSESOSNSNNSNaSSS.

LI S e
382 s

ESSSENSSESSNSNN

N -
AR TN
CSSSESSSS

{ // N

N AR,

| SN

PSS UOS SIS SN SIOSNTSSINS

ARSI ISSSNNNN

T
[P IR

267

NS N SN SN N NN NSNS

EESSSESSS

S SESNSSSNSRESRN

T
?

T

AJ
= =

T T T
-5 L4 = =

"

~—~
HRR 8
N>
R NSNS
& N
%%T
NN N
NSNS
SR
SN 5
TN AR R N
N
Y
EERSSSSSE
A AR T R
A AT R RN
AN SRR R

LINAR v B

321 2%

trn2an

PRan

267

745, 764k

304

747, 765l

30FL

N\ T

[NRSSe

EESSEEEEANN

SN

ESS SRS
ESSESSH

AR SS NN

vrr T T

SN

SN AN

SN,

(SN

RN

R

17%

i

ESSEENN

T

.

/

[SNSNENNNEN

S S A SN S SN

EESESSS

NSNS AN

[S00 S DD S MRS S o

RO

<~

IR

T

L]

: & = =R

¥ B

(kg/n* )

T
= -

RSOSSN RS SSSSASESSSS IS

&

o e SN N N I N IS IS NS S -

A SN S S S SRS SIS SSSERSSNENERNT

eSS IS NS SO S

SN

e eSS SN

S

(SN SN

AN

B> o~

NSNS NN

T v

b 312y NN

[N

SN

o S

LS

[N

RN N N -

AN T,

S,

T

R R AT N Y

e S S eSS TSRS

BEERESSSSE

e

T
71

=3
RS SSSSSSOSESENNS -
M ” " - -
~
el 8

P32 N2

7471

7w
304

4

[ARFI M|

L2

764,

2641,

308, 74l 764

267,

B 4-20 ELORE, KE, . AFM2ELEE



—~~

Koo

1.6
1.5
1.4
1.3
1.2
1.1

0.9
G.8
Q.7
Q.6
Q.5
Q.4
Q.3
0.2
Q.1

cL

.|

|

ol

i
=
X
&
A

full
~3 =1 =) g

] l:-ﬂ

O OY Y O
1
) O (ad e &0
\
RN

76—t + 753 o 75—6 a
# £ (cn)

4-21 ROSBESTLEAREHRE

14



T6-18 i : AJJNW

76-25% WM

76-35t Mwww

76-3th MW L-—w\a,w’.,_,w/w
1

78-3R Aormdsscbtm ool |

TH-BH ottt “J*WWM

76-67 k”“‘"”“ﬂ”*"ﬁ*”’“bk'””A“AJk“——-ww—-JKA-.-_A-.__/*—w

76-T W%%W
76-74t MM\/W
76-11 WMLMLJ_

7611 ot b A M{

74-04-44

B4-22 xpHEHIHE



2%

(a) (b)

4-23 74-02-40 F 8 SEM

4-24 74-02-55 3 & SEM

- 75—~



1SKU X998 16 8Um 3281 -BRL-

(b) ()
¢

B 4-25 74-03-38 3 & SEM



B 4-26 76-2-5+ B.EESEME
4-27 76-2-% 3 & SEM

L]

(a) (b)

@ 4-28 76-6-%+ 3 & SEM

_.77_



£ 4-1 ZERKLBE (ACI Conmittee 224)

HRNEERAN S
SRYBREAERE RABRHFBREE
URERIERBERES 0.4mn
FEHE Kz LE 8.3mm
Bk ER LB 8.18mm
& W F i K P S i K B 9.15mm
BKEEE B.1mm

® 4-2 BB (British Standard Institue)

RAMFRHAGEHEAEE 2R
K H & | SHEEE ey 1l = AN TFE
SBEEE| =ZB% | BAED
:%%%& RC 8. 3mm
{q] PC B.1mm
BSI.CP119 I%M P e P
Z . *te
fi% PC 8.1lmm
SEEET RC g.3mm %
BSI.DD55 %g L) & 0.804 ~ tc
{=] PC B.1lmm
FIP BEEE RC 8. 3mm
PC 8.084 - tc

xte: RERBEE

& 4-3 BH@USH

2 MR E 1.46m
¥ HEH @M | +1.85m
¥ 3 K M| +0.59%n
FHEE AL | -0.67n
& K | & &2 | -1.3%

_.78__




v9982 | G2El £801 | 202 G120°0 | 68¥y91 | 6662 €12 9°¥ G'g| ue

c€09¢ | GSEl 966 1Z]¢ G120°0 | 296591 | 6942 £°1¢ 9y G'g| W

68262 | G601 vee 681 ¢¢20°0 | ¥OELL | GLG2 L 4 9y ‘gl "o

(wdd) | (wdd) | (wdd) | (wdd) | (wdd) (udd) | (wdd) (Q) | (1/3w)

+ 8N + »2H »8) S -1 ' 08 B | W B EHd | 3

WERXNBYIEMYRARR G-V F

mbm L°L GGV GS*v eV GG'b LY ¢9 'L 9°8 | (I/30) BB Y
8°L 0°8 6°L 1°8 ¢°8 £'8 ¢°8 ¢'8 | 10°8 vh°8 HHHd
L°28 8°€¢ ¢'ve 9°¢¢ 8°¢cs 1°6¢ 6°VE | 8C°VE 0°G¢ — (%) F1 %

GT1°6c | GL°62 ¢'ee L'eg | G6°LC | G2'8¢ 8°8¢ v*1e L0z ¢°81 (0,) B
a1 6 8 L 9 g 14 € ¢ 1 H

WEEND RS GHWERR v-v B




=
a

+ 3%

* 4-6 ARHEMRRERSK

iRt (M)

MM

®®
—{p--d

o ~ — 0

© 00 ~t — t~ ¢ XX

M ~ — w e oW

O © — ® ) A

' v e . . . L +* . s
[ev]evTasTavTavlasTavlaeTavlav]asTavTaslav]asTe v TavTaslavisslaoJav]av]aviaolav Javlaslaviasavlaviaviavianianlavhs s ilav]av]as)

~—~
# A
|
H ©
~ i
N e XﬁO ~ OW P~ [Te) [ o
" 60 Q00 D e OO0 W4 o ¢ o0 N
T - M N WO - N Or— M [{e) ©Q = w
Fﬁ — 00 O O® —~ O — O~ o) [a) 0 .
b . . 0 3 + . . + . . . . . . * s s [{o]
wg OODORODOODERROOHROITOOIOOROTXRODOOTODOOTROOOR® | ©
0
—_
B‘E Ao~y N —t o« [aN] t~ NS
_m LO—NL W0 o [3¢] o O~ i o
O O (32 oy ) [TaJav) X {0 [ el
—_ | DD O© (e 9] [a 9] —tid —f et N aw
. * . * * . * L[] * . . . . .
ﬂ% [asYovTacle savlasTasTaeTasTavTasTavTasSav]a olavlavlavTavlasTavlavla v avlavavla elavlanlaviavlavlavianJaslaviaviaviaviaviavia vy Bt}
MN " m "
[ | !
.ml [av] OO [ae) .
| — = o o < et O O O < R
oQ X D~ N s alle) 3~(VA RN =N -LN I~ <
B © M o Xad v €At 1 OICABOCT N A
W [TelaN) 0 o © - DO~ O OO ==L — O LOTOLOIOLO
’ e . L L R L R . o 8 2 e ¢ ¢ 9 2 0t 2 e 8.0 ¢ N
J—A OOEEEORIODOEODORORNOOEPEOORNEODODOOROOOHONOOTDOEOE® | >
a CIC7 < L O - 00 O B+ NI €7 <HLO ¢O 1= 00 OV (R v~ I € F O P~ 00 D R r—1 O CY LT 00 T €O I NI CN =414 ..m.__ﬂ
ﬂ.—% CIMICAIENCACATNCD <t~ < b <t w3 < < LOLOLOD LI O IO N LD LOLO DO DO O O L= = - P - U AD
—l N

BERE

(1) :

[ i

SNENREL

(2) :

SB|EL




% 47T RORBBENY

& Wl ® [i} b7y &= B g B £ E

74-01-24 | NBHEHE, SFTHEES

74-01-29| BHTAHAREW K KIS

74-01-48 RETT, REwK, wAkSH e, BHEE, KK
é@ggg* NEWK, WKER %o

74-01-53 é%%ﬁ THASBFTHE, HEF FTEHERAAHATHBE

74-02-26| BEW K, BHHZE KELEARS, EHFRE

74-02-46 | WKERF, EZTZEA BEFER

74-02-49 | ZEMEAK EEFE

74-02-55| P&/ (FHRAUAERZEE) BERE

74-03-38 | EEEBHETH, FHEFHEL EHAELESFE, EHFE

74-03-46 | W K. |REZ, ?ﬁ“ﬁ'&‘%‘:t KRLES, B3FE
REEEESSNY , 5% KRS, BE$HFE

74-03-47 maiz@? Znz gBUEmE R KL=

74-03-56 | HiE %, EX1LFEEES

74-04-20 | WKRK, B7FTH, BFEETETH XKIXKLEE, BHFE
KA EZ ek

T74-04-44 | FREW K, FHEHFHE, RS FH KN

74-04-45 | $HAREHIFE, SHEEE T RS E

74-04-56 @%igﬁﬁﬁ@ﬁ BMEXKEZRK EHREE. A B

76-1 jﬁl#a‘ﬁé‘fz% HHSEHE, Faw BEHMEREE, KRS

76-2 BREWK, REEE, CEREET KKLEE, EHEXKE

76-3 - BREWK, BHAFHSE, RiES FUHHESEH, RSHFE

76-4 EEWK B#$HARE

76-5 FHMASRZAE, ELXWKESR BELRES

76-6 it f. x, Rad SHHENDER
ngpéﬂbmé ékloﬁcm 7 m]2§ RE *

76-7 g’{zﬁdukﬁ?i FHRHFE, ® BEBELRST

76-8 KABW KRS, THBHFRE KIKLES

76-9 i 4. REC e, & FTHMORAET, KELES
AR BEE s §

76-10 ®"ILZ, FESE, BHFEE FHMEREEKX

76-11 Lz BEFRE




# 43 M ARRAOAERRERE

HEEE Ke/cw® | BEE WS | NEHE | # &
74-2 314 4340 41 YN YLt
74-6 372 4218 49 ”
74-7 474 2715 51 ”
74-15 518 4512 48 ”
74-19 369 4434 53 »
74-21 444 4672 50 ”
74-01-24 434 4389 24 IHRBRERAER
74-01-29 335 4427 29 ”
74-01-48 403 4435 48 ”
74-01-53 305 4287 53 ”
74-02-26 425 4260 50 ”
74-02-46 460 4452 46 o
74-02-55 379 4254 51 y
74-02-49 370 4136 53 B
74-03-28 253 4393 28 | ”
74-03-46 385 3752 35 ”
74-03-56 313 4270 56 ”
74-04-20 311 4261 34 ”
74-04-44 279 4174 52 o
74-04-45 414 4199 45 ”
74-04-56 444 4549 56 ”




E 49 BAXKEROEBRARRE

SEER | HIBEE Ke/cx® | BEH WS | HENE | # i
76-21 432 4492 44 SN TLE ¢
76-26 336 4501 49 ”
76-1 289 3675 33 ITHERERBRARH
76-2 207 2060 35 »
76-3 384 2125 51 »”
76-4 264 2118 44 »
76-5 272 2118 49 »
76-6 282 2556 40 »
76-7 351 2194 49 »
76-8 296 4444 37 »
76-9 208 2179 44 »
76-10 282 2186 48 ”
76-11 380 2208 46 2




£ 4-10 RORBHEERAKRE

SBERNK | StLE | K (%) # 3
26-1 2.60 15.77 | #XASTM C-842-82
REsE, d0%

26-3 2.71 14.02 | HEIH BT 0t
26-4 2.76 15.22

26-5 2.57 16.34

26-16 2.63 17.49

26-21 2.73 15.39

S| 2.67 15.71

30-1 2.72 18.75

30-9 2.70 18.52

30-13 2.87 18.35

30-14 2.67 17.23

30-16 2.69 18.96

30-23 2.78 17.27

15 2.71 18.13

74-1 2.77 17.69

74-2 2.77 18.77

74-3 2.75 16.64

T4-4 2.75 20.73

74-17 2.76 18.84

74-21 2.71 17.34

i3 2.75 18.84

76-21 2.77 18.05

_84_




£ 411 ROABELSH

B B X EIH W S | KER ] F33

f % % % (Kg/ m*)

76-2 10.20 39.09| 50.71| 282.5 | (1)#ZASTM C-
SSHEREP

76-5 9.62 41.06 | 49.32| 266.5 8RAT
MRERH

76-8 12.73 37.83| 49.44| 352.8

26-7 8.42 53.83| 39.75| 171.4

26-12 | 26.42 87.33| 6.25| 705.4

26-13 | 18.22 52.92| 28.86| 486.5

26-21 8.00 34.08| 57.92| 213.8

30-4 24.26 24.88 | 50.86| 657.5

30-7 7.40 46.25| 46.35] 200.5

30-12 5.48 37.52| 57.00| 148.5

30-20 | 12.75 47.10| 40.15| 345.5

30-24 | 26.63 28.51| 45.26| 710.8

74-8 12.20 44.49] 43.31| 335.5

74-9 7.56 48.23 | 44.21| 207.9

74-12 8. 40 38.57| 53.03| 231

74-18 | 13.38 33.53| 53.09] 368
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F 44 RENERGEBRS

& S| RASW | H € |8 | BREE (fiNRE | EWEERE
B R EKe/w)| (mn)| (ar*) | (Kef/mm®) | (Kef/mm) | X (%)
74-R4-1 0.493 8.9 62.74 20.4 40.5 13.7
74-R4-2 0.727 10.9 92.65 33.2 47.7 22.5
74-R4-3 0.814 11.5 | 103.65 33.2 47.1 27.5
74-R4-4 0.834 11.6 | 106.30 34.0 46.1 27.5
30-R4-1a| 0.6383 10.5 87.02 14.9 24.6 9.8
30-R4-1b| 0.683 10.5 87.02 28.5 41.1 14.7
30-R5-1 1.146 13.6 | 146.03 30.3 44.1 26.0
26-R4-1 0.657 10.3 83.64 21.3 29.6 11.8
26-R4-2 0.806 11.4 | 102.67 31.6 45.0 20.6
26-R5-1 1.161 13.7 | 147.87 29.9 43.3 23.8
76-R8-1a | 4.726 27.7 | 602.09 30.6 44.9 33.3
76-R8-1b | 4.307 26.4 548.71 26.8 36.1

76-R8-2a | 3.883 25.1 | 484.70 32.9 48.0

76-R8-2b | 3.397 23.5 | 432.78 31.0 44.6 15.7
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