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Anti-thermal-crack characteristics of low-heat concrete and its estimation method
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Study on low-heat concrete was carried out by physical test and analysis of the content of low-heat cement statistically
concerning the anti-thermal-crack characteristics.The rate of slag content in the cement and the fineness of a slag particle
were found most influential to the crack sensitivity and hardening or reaction shrinkage.And based on this result the
possibility of creating the standard for the estimation of the anti-thermal-crack probability was studied.

1. £EANE

BIlEERE CER 641 H MEREA 2 7 ) — bORE
ISHOCEINEM D) Tk, BIAERAREEEERIZ BV
THLINFERBE L AV b2V Y2 ) — b (&
FEAIa Ly ) — ) OBGEHAKER. ROENBEREH
BHRBRICES K BEIIREA H =X LT DO THA L,
A ¥ hOMOCE N ®RED AR, ROFHEAE
WZDOWTRE L,

AENHIEERE LR Eo A IcES &, ®RB LK
BERHEME A > b GEERE) 2H0Ca 7 ) - R
CEIABIRARE EBEBIC B O TIRA S NcERAR o
v )= bRz, RO . WIEER. RIS
Wiz Ehi L7z,

HMERBRICB VTR OVEINEROEHOER L 13 5
SRR I E Uy B PRAER & EIREIRHERIC OV
THE®RS Uz, 7. A ¥ FEOBENREYIEE
¥ WERRER) 52588 ROV Y-+
OUEINRZ M. B LI (BUSIHE) Rt 52 5%
EIZONWTEE L. IHOOEINMEAEFM A I D AR
%L &bz, Pl ATEDOREEART TOMEM. 5%
DR LM HE AR LT,

2 BRI XY FOHR
2.1 IMOUENMMEICEB Ltz Y boiFH
—fHNza > 7Y — b OO VEINFAHER O

. BEISIETIC X D BHI W B RAINT] & BIRG1E
WME LD (DUENIEH) THMidT 5, DF . WiEL
TR E AR B & O 20 BEARMER A ORI X 2 WEEE
HAEHOEES R L DEHIN ARG IS F
U 20 Erigde g AR A O B E IR TS /o5 5RO
b (OUCEINIER) 2. DUEINFATERICE S B
DUENIER & O TFIlid 5, Lo L. BRI DRFF
Tk 227 ) — MRBE{LBRE I 280 (K
IR 2352 2 EDERINTED, ZOEAVIEE
A2 FOERSEME. BIZRAS S DRAR, 7Y v hH—0D
I—=FA4 M E=TFA4 MNROBELBERNH 5 T &6
INTW5, BN (BUGINKE XEEIS#ET T
ZRLUBOVIRICZREIE DA 59, WAL S
VB EDRICES (RIBIES)) 2EL I &I, O
VENREZMIcEEESZ 2 0B ON5,
WrERRE FR iz oW Tk, BEIS /8N L o EH
INSVIBA. BEMIRIEEORE ERE. BER FEI/NE
{135, BIERISSIVANVENS I BHENHVERT %,
BREAE A bRV Y7 ) — FOBE. BN
RO g, BiEWRE LRE (Kl 2Vhanl
POBICRELHEINTED., ez TFB LTk
D, HEVEEOMOVEINELRE TSI LIIEETH
b, Fl. af NIV LRYVBEREAIZ S Z
LTHHBZDT, VUENBEZMERE TSI L. 71—
TREERELTEIENTFEHING, 772U FRRC
SIEEE b/NE (2B DT, THOCEI MR DA izid
REIS TN IC & 0 2 COYIEERARAIICHERYT 2

M W



F-1 ERBEEAY PORREOHE

Tab.l Characteristics of improved low-heat cement

wAVE | wAVED | | AR RELE (%) IYVh—0 o »
A=H— 357 (em/g) | z7yvh— 254 | 754Tvva R
o NS80 2.97 3680 20 80 - LiE « 2 YA — RS DR IS
MS75 3.00 3330 25 75 - chEL « ZHOOREHEEETIEE
Bt MS70 3.00 4850 30 70 - B2 RS TTRAENS T 5AT v v 2 TEARCEE
MF25 2.90 3240 75 - 25 iis- cEEORNBEETEE (2 ) v H—BRIE,SESR EB 74 MR)
cit MS62F18 2.81 4770 20 62 18 chig#h oYU H— RN SEB S A bR
MS30F30 | 2.85 3900 40 30 30 & * ERHOREHRERE
it MS30F27 | 273 5150 23 50 27 cHIFE 7Y v H—%dERNSEB 54 P RREE
MS30 3.10 4500 70 30 - (B C ZERON S RS T ZRARIER
- NS84 292 | 8920 16 84 - BB ey vn— 2 WESLTHIMCEE - CRGOBRALKEHE
MS75 2.96 3110 25 75 _ ch# ¢ 25 SOMKEEER ) - GEORNNELHE
- NS54F30 2.70 4780 16 54 30 @ oYV h—REESSTER (BBSA MR) REE
MS45F20 2.81 3880 35 45 20 chEL c ERDOBRESHBREFE - 25 S OMKELER ()
o MS55F20 2.80 5070 25 55 20 R .z 7 OYABEEER )
MS55F20 2.80 3910 25 55 20 g « GEOININE % HE
Hi NS60F20 2.80 5000 20 60 20 et 7Y v hH—%EROSEB S A P RICEE
MS50F20 2.82 4420 30 50 20 {EE#A « RO OREHE R
L MS60F22 | 279 5080 18 60 22 bR ) 7 OMKEEEER ()« BRORIEEHE
MS60F20 | 278 3400 20 60 20 dg | - SEOORGIEEETHE
2P MS48F20 2.82 4860 32 48 20 h R
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Tab.2 Specification of low-heat concrete

=51 23 v7 (cm) ETE (%) TY—=I v TR (%)

L-7 8+25 4+ 1.0 5.0LF

&) AERUKFIOSEMRLIN—ZRF v 7iE5 + 1.5cm
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Tab.3 Standard mixture of low-heat concrete

w51 Gu: (mm) /NI x> b (kg /m?)| BAOKE A biE (%)

L-7 40 | 260 55
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DA N OEEARVED Lo HIRIZER-40EBDT
Hb, ST EHOEH LD, 7Y =Y v TA2I4F
BBOAIKEMDIARTH S 05, EMEGIZOVT
DHAKAMEFRLTOEL, X4 Y NROAIKEH
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B AHE 3P LB R T L7 b, RFIFIIISMEEE AE
Hok#| (SPON). #iBy AE#| (AE7T75S) %M L7z,
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KB D 2BV TER L -RREERORBR A ERE
—BIRTEBDTH S, MO ENDIREIZ20 + 1R, it
RADOEA L 20 HAZHERA L Ulc, Ty 207 )= b
O REEIZIZ 100 Y v MUEREE OBREI 288E D 3 F4—
ER L. MEHRAKR OB D BRI H— U, &R
HHOW., BicEEN L . B2 L L orERES IRA
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Tab.4 Specified mixture and physical behavior of low-heat concrete

wxvh | wWoC | ssa BT (kg ) BRI (C*%) |25y 7| zam %%w iggiﬁﬁﬁm(hnm
A== %) | (%) K eAvE T MBH | ¥BH  SPON AE775S| SPON AE775S| (em) | (%) (kg e)| (%) | #F |
At 53.8 | 410 | 140 = 260 30 745 | 1128 | 838 0008 | 1.30 | 0.003 | 85 38 | 2301 | 48 |9:15 16:05
Bit 53.8 | 410 | 140 = 260 30 740 | 1125 | 812 0036 | 1.20 | 0014 | 85 41 | 2208 | 41 |8:20 14:00
cit 53.8 | 410 | 140 | 260 30 740 1122 812 | 0026 | 120 0010 | 9.0 46 | 2283 | 45 |13:10 22:50
DR 53.8 | 410 | 140 = 260 30 748 | 1133 | 812 | 0005 | 1.20 | 0002 | 75 40 | 2312 | 13 [10:10 18:15
Eit 538 | 410 | 140 | 260 - 774 1128 | 390 . 0008 | 150 & 0003 | 75 39 | 2297 | 49 [11:50 23:30
Fit 538 | 410 | 140 260 30 738 | 1120 @ 260 | 0026 | 1.00 & 0010 | 80 45 | 2269 | 24 |11:00 22:40
Gt 538 | 410 | 140 260 30 738 1120 | 312 | 0026 | 120 0010 | 9.0 40 | 2283 | 19 [14:00 20:45
Hit 538 | 410 | 140 | 260 30 738 | 1117 = 812 | 0086 | 120 0014 | 85 37 | 2290 | 80 [12:10 19:50
T4k 538 | 41.0 | 140 | 260 30 738 | 1117 | 312 | 0018 | 120 | 0.007 | 9.0 36 | 2289 | 43 |16:50 26:30
3p 53.8 | 400 | 140 = 260 30 713 | 1171 | 286 | 0023 | 110 0009 | 110 | 48 | 2290 | 24 [12:00 21:55
2P 535 | 410 | 189 | 260 50 718 | 1187 286 | 0070 | 110 0027 | 100 | 48 | 2300 | 35 |14:80 24:830
i¥) 2P, POHNEHER, 7)) —v v /R, EHEEERBcORARERERDF— 5 THbo
%-5 HREEHSLUHBRSZE
Tab.5 Physical and other tests applied to low-heat concrete
HRERTHE B IE
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-3 IS A 6204 f1E&E- 1
[ERHGREE JIS A 1108 H#EA{AT7E 1 ¢ 15 x 30cm
5IERMEE (12 JIS A 1113 #&{A~E : ¢ 15 X 80cm
5[5RAEEE () (B18)  HERiAE : ¢ 12,5 x 25cm
TEPEGREL (FEFE) ¥ —JR70mm, 48 A, 1,3 EHEERE
BERE (515R) ¥ —vRT0mm, 410/, 90 % EEFHERE -
HIFHE (3% | IS A 1106 H&{A~HE : 15X 15 x 53om - il” 11)"_ 1 lﬁfii’t'ﬂ
79— (318)  BEEfATE : 15 X 15 X 53cm oto. irect tensile loading test
rEERE EA ZERIEE. 20°C
131
R H47 BCHIREN ) 5
BRI #15°C/hT20°C—~60°C (FHE), 60°C—~20°C (s AL _1__101_%%9__5‘
RisE P70 ° @
- BT - Ph =
H- 1) ORI RIS T 5 T O3 RO L —herr s @
SR AAES sem &9 3 T EILK DIENES—EL, 2 LR D TTH
ZAN=HI Y ad v hTERT S LIk DT E— A a2 el E
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Fig.1 Loading device for direct tensile test
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Fig.4 Relationship between secant compressive modulus of
elasticity and tensile modulus of elasticity
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Fig.6 Test result of creep coefficient
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Tab.6 Test result of linear thermal expansion coefficient

ET 2 HRIEARIREL (X 1075,/°C)

X—t— AT FHREE iR
Atk 10.78 10.57 11.04
Bt 10.57 10.28 10.90
CHt: 10.83 10.59 11.08
Dt 10.85 10.49 11.23
E#t 11.01 10.61 11.46
F 4t 11.46 11.11 11.82
G#t 10.80 10.55 11.09
Hit 10.84 10.68 11.17
I# 11.14 10.87 11.42
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Tab.7 Physical constants of concrete back-analyzed
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Bt 226 22.1 0.477 0.987
cHt 23.9 24.4 0.508 0.995
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Ett 17.8 18.0 0.573 0.985
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Fig.7 Result of adiabatic temprature test

Vol.18 No.70 '94.4

32 BRER BARER
(kcal /kg * °C) (kcal/m « hr « °C) (kg/ )
0.270 2.30 2350

*-8 EMAFHAKE

Tab.8 Average month temperature measured
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Tab.9 Results of thermal stress analysis
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Tab.10 Result of multi-valuable regression analysis (B2 %)
FRAHAEL B2 Y (5 13R5REELL) .
X1 X2 Hie3 B | M7 B (M 14 B M 28 H ik se B | Mol B
25 JIREE+1-ME kX v MBKE| 601 64.4 88.8 455 535 415
25 JREE+I-MR | 25 SERE 72.0 61.7 93.6 82.7 74.3 64.6 | BRI
25 VIRAE+I-MMR XY MYRE ] 740 66.0 94.9 81.8 72.8 61.2 | BHKRL
235 JiRER+ 1R a 75.7 59.7 79.5 53.7 60.6 55.6
25 JIREEE [ERRSEE 79.5 68.5 74.8 62.1 67.4 59.1
23 JiRAER LAY MYKEE| 557 60.6 84.3 36.8 479 35.7
235 JREE 27 TYKRE 714 61.0 92.7 81.9 72.8 63.1 | BHER<
27 JiREE 2xy MYKE| 736 65.3 94.3 81.3 71.8 60.1 | BHERL
23 JiREE a 75.7 58.5 79.2 51.2 60.8 56.1
25 JIRER ERESERE 80.0 68.3 73.7 60.8 67.9 60.3
a ERRRSEE 79.2 69.6 75.1 60.8 71.6 66.2
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Tab.12 Application of the estimation standard to the laboratory
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Tab.13 Comparison of the calculated thermal crack sensitivity
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Fabrication and Accuracy Control of the Towers of the Akasi Kaikyo Bridge

MBS IEEZER B M R E
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Yoshihiro Kobayashi
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Construction of the main towers of the Akasi Kaikyo Bridge has been completed recently.

The height of the towers reaches 300m, and the dimensions of the members of the tower shaft are substantially enlarged
compared with the existing ones. And, the one tower shaft was fabricated at some factories for the first time.

So, problems in fabrication, such as control of the inclination of the members with large cross section and its measurement,
should be overcome to maintain the accuracy of these large members.

In this report, the outline of investigation and experiment, which were conducted to control the accuracy of the members,

are reported.
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Tab.1 Specification for Accuracy of Fabrication

Fig.1 General Plan of Main Tower
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Fig.2 Allocation and Schedule of Fabrication
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Photo.2 Polishing of End of the First Tier
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Photo.3 Measurement of Inclination of Tiers with Water Level
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Fig.5 Measurement of Tiers with 3-D Measuring Method
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Photo.4 Measurement of Tiers with 3-D Measuring Method
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Photo.5 Temporary Assembly of Diagonal Member
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Structure of cable band and suspender on the Akashi Kaikyo Bridge(part 1)

£ — # % B B - I ®BER
g .

BEIERNKE

A & =
Kouji Kawaguchi
5K 3]

Susumu Fukunaga

wm =

BARBIRAE P RTE L,I9mOMRRZEORETHY., RENVA—[F200mEBZX 3. O, HIFEBREEEL
TPWSNVH-DOEVEEBEERATSCEE L, BEOHERLUTOEY TH3B.
ONVA-EEEEE. PWSNYA-0OBEREEERBL TEVERBEL L. NYH-BIFhOXREVEBMEIZ

N=HIIa14V rBEE LT

QT —TIWINY RIE. NYH—EACLBINY FEESETNY MRIV MCHT 2HEEEEBL TRIET >/
QPWS N H—EBEMRER ED/th. REORKUIF LV HBEBEL K> TV 3, REEERL T - ZHIEIC

LBEERERTCEE LI

The maximum length of suspender ropes of Akashi Kaikyo Bridge will reach 200 meters for the world longest center span
of 1990 meters of the bridge. Therefore the parallel wire strand with pin-connected supports was designed for suspender
system of the bridge, considering the convenience of bridge maintenance. The outline of the system is as follows:

1. The support of suspender employed a pin connection system due to structural characteristics of PWS suspender. The
universal joint system was further designed for some of suspenders that might have a large amount of transversal bending
angle between the suspender and its socket due to deck displacement.

2. The cable band was designed considering the influence of tension force of the suspender on both the cable band bolt and

the band itself.

3. A black polyethylene tube, which is set to cover the PWS suspender for the anti-corrosive measure, is to be covered with

fluoro-polymer resin in consideration of aesthetic viewpoint.
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Fig.1 Outline of band/suspender structure
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Tab.3 Some typical defects in cast steel and their cause
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Survey on Deterioration of Coating Film for On-shore Bridges on the Ohnaruto Bridge Expressway
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The age of the coating film of the bridges on the Ohnaruto Bridge Expressway varies for mostly about 5 to 9 years (partly
12 years) according to their completion dates. Aamong them, three bridges were repainted totally or partly. From now on,
overall repainting will be needed within a few years for the most bridges. The first extensive survey on the damage of coating
film was thus carried out for the on-land bridges on this expressway to obtain basic data for establishing a repainting plan of

the remaining bridges.
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Tab.l Summery I of steel bridges managed by

Sumoto Operation Office(completed in June 1985)
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Tab.l Summery I of steel bridges managed by

Sumoto Operation Office(completed in October 1987)
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Tab.3 Summery I of steel bridges managed by

Naruto Operation Office(completed in June 1985)
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Tab.4 Summery II of steel bridges managed by

Naruto Operation Office(completed in May 1987)
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Tab.5 Coating Specification(old spec. by HBS in 1980)
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Fig.2 Location of Survey point
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Fig.4 Deterioration of coating film on Seidan-Mihara IC
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Fig.6 Diagram of diagnosis for coating film deterioration
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Aesthetic Design of the Tower of Kurushima Bridge
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The design of the towers of Kurushima Bridge has been focused on the aesthetics due to their circumferences of scenic
beauty. The deck of the bridges employed an aerofoil type box girder. This made the design work of the tower configuration
be more flexible. Therefor, structural characteristics, aerodynamic stability, and the other details were analyzed especially
focused on some rigid frame type of tower shapes with a hexagonal cross section or a cruciform cross section. This paper
shows a process to reach solution from the design of tower shape to the determination of structural details.
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maximum amplitude of vortex-induced motion
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photo 3 Conﬁguratlon of tower top
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Fig.2 Arterial road network in Kenya
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Photo.1 A Gate of the Fort Jesus(Area 02)
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Photo.2 Tsavo Railway Bridge(Area 39)
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Photo.3 Maragwa Railway Bridge(Area 28)
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Photo.4 Ruiru River Arch Bridge(Area 34)
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Photo.5 Stone Bridge(Area 34)
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Photo.6 Kasat River Bridge(Area 27)
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Photo.7 Sabaki Bridge(Area 43)
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Photo.8 Construction of the Ruiru Bridge(Area 34)
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Photo.9 Construction of the Birei Bridge(Area 21)
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Photo.10 Drift(Area 21)
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Photo.13 Ruambwa Bridge(Area 20)
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Photo.14 Idsowe Bridge(Area 40)

BE-15 F7/ALVEQLER)
Photo.15 Kipkarren Bridge(Area 21)

BE-16 YUEVIIIEBRIH®K)
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Photo.17 New Nyali Bridge(Area 02)
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Photo.18 Kilifi Bridge(Area 43)
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Photo.20 Girder of the road bridge(Area 34)
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B-5 AEoFE

Fig.5 Methods of river crossing
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Photo.21 Construction of the Wangaya Bridge(Area 27)
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Photo.22 Site of a flood in Orwa River(Area 15)
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Photo.23 Ruiru Overpass Bridge(Area 34)
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BE-24 BEEEQSHK)
Photo.24 Road bridge(Area 28)
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Photo.25 Malewa River Bridge(Area 28)
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BE-2 HREEFEOLHX)
Photo.26 Central Post Office Bridge(Area 01)
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Report of Northridge Earthquake
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Photo. 1 Collapsed piers of bridges on I-10 in Farefax
Washington
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Photo. 2 Collapsed bridges on I-10 in Rashenega Venice
Warehouse is under bridges.
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Photo. 3 Collapsed piers of bridges on I-10 in Rashenega Venice
Wall of warehouse is seen in back side.
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Photo. 4 Collapsed bridges on S-118 in Mission Gothic
Power shovel works for investigation in back side.
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Photo. 5 Collapsed piers Piers are tore down perfectly.
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Photo. 6 View of bridge collapse site in Photo. 4, one week after
Decks have been removed and temporary scaffoldings
are beeing installed under remained decks.
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Photo. 7 Crush of Concrete Guard Fence
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BE-8 S-118, 7L+ 7 U—IBOBM T KDL
Photo. 8 Collapsed piers in lower part
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Photo. 9 View of collapsed bridges on S-14 seen from I-5
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Photo. 10 Collapsed decks on S-14 Two machines are
dimolishing decks in right-hand side to carry out by
trailer in front side.
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Interchanges

composed of
tall piers
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Photo. 12 Damage on key joint of decks
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Photo. 13 Collapsed bridges on S-14 Interchange
(by News Week, Jan. 31, 1994)
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Photo. 14 Gas main:upper, water main: lower , Overburden is
shallow for gas main.
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Photo. 15 Cracks in pavement. Maximum width of crack is 20 cm.
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Photo. 16 Collapse of Caeser Permanent Hospital. Right and left
side and 1st and 2nd floor are collapsed.
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Photo. 17 Rupture of water main made with revets Damage has
been restored.
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Photo. 18
Broken- out
Part of Water
Steel Pipe
Rivet holes are
teared.
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