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Pulsating Fatigue Strength of Low Carbon Steel Wires with Weave Angle

by Yuki Kobayashi, Member Genya Aoki, Member

Summary

A composite material, ferrocement, is a thin cement mortar with multiple layers of rein-
forcing mesh. The strength of composite materials is dependent upon the strength of reinfore-
ing materials. The purpose of this paper is to investigate the fatigue strength of reinforcing
meshes used for ferrocement. Specimens with weave angle are extracted from square woven
wire cloths, and tested under pulsating load. The woven wires used for these specimens
are about 1 mm diameter-cold drawn and galvanized low carbon steel wires. The sizes of
mesh openings are 6,8 and 10 mm. For the comparison, 2%- and 5%- prestrained woven
wires and a straight wire are also tested. The summary of concluding remarks is as follows.

The knuckle points of the specimens are subjected to bending moment as well as axial
load. Therefore the S-N curve between the nominal stress S and the number of cycles to
failure N does not have linearity. On the high stress level close to the yield point where
the weave angle is diminished, the fatigue strength is improved by work hardening, though
the shortest fatigue life appears on the middle stress level. Therefore this S-N curve may
be difficult to be applied to design purposes.

On the middle stress level of S-N curves, the fatigue life shows minimum cycles when the
extreme fiber stress of a knuckle point calculated by elastic analysis has maximum value.
The maximum strains, or peak strains, calculated by elastic stress analysis at a knuckle point
are used to convert a S-N curve into a ¢-N curve. The obtained e-N curve is given by
€-NO146=0,0206. The equation provides a significant coverage for all the experimental data of
the specimens with different weave angles. The fatigue strength at N=2x 1086 cycles becomes
€=0.0024. This value is close to the proof stress (2% strain), the fatigue strength (2x 108
cycles) of the straight wire and the 5%-prestrained woven wire. This e-N curve can be
applied easily to design.
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Woven wire specimen

Details of woven wire element

Fig.1 Specimen

Table 1 Chemical compositions
(%)
Maierial o Mn P S Si

{t) SWRM 6 <£0.08| €0.60|<0045|<0045| -
(2) Wovenwire(iOW] 0.04| .19 0.017{ 0007| 0.0l

(1) from JIS G 3505, (2) from Mili sheet
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Fig.2 Nominal stress-strain curve
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Specimen 6W 8w iow AD
Wire diameter (mm) d 1,08 | 0.987| 1.OO | 1.OO
Mesh openings a 6.2 79| 10.0 -
Modulus of elasticity E1 5100| 5300{ 5500| 8200
( Apparent) E2 640 1020 1860 -
(kg/mmz) E3 17500118200 |18600] 18600
Yield point ( Apparent) Opy 147 1274 142 -
gy | 343l 310|330 - |
Proof stress (kg/mm?) Oo.2 27.9
Ultimote tensile strength burts 41,0 374 | 420 382
Stress ratio OpyMuts | 0.359 | 0.340| 0.338
Oqy/QuTts | 0.837| 0.829|0.788
Go2/0uts 0.730
Elongation (%)
Breok (G.L.=50) g8 20.4| 24.2| 20.0| 209
Not break #u 10.5 12.1 12.0 178
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- Calculation
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Fig.3 Calculated nominal stress-strain curves
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Fig.4 Nominal stress ratio-strain curves
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Fig. 11 Effect of weave angle on fatigue
strength at 2x108 cycles
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Fig. 13 Relation between cyclic elastic modulus
and nominal stress range
E.y=oyr/er+5100 (3)
ZITC, ep IOWTIL, weave angle & DBIFRTTRS
& RBEREID (4) RTELBR B,
oyrs/er=—35700 d/a+21000 (4)
e, R#G EOWEMERE Eo, 3, IEHEED ERic
o THEAL, EHHEBREGEETE, 2o B,
tx Table 2 DEMFEH E, (weava angle=0 DIRFEE)
IEEE T2 B0 Egy DK, INHEBEOREING X -
T weave angle WA TE D EEL hb, Liat
~»TC, weave angle X, IGHEEN 0py 2 HEMT 3
KRS THA L, BRE 0yy EBWT, BIEREAS
ERMERD,

S-N BRI B 5 BISH v~ TE U RESGY
NIIEHEE onp min X, BHIER ISR 5 RABRMEIS
ANWBRD X SERD b D, LMEBHIREE 0,y 1=
135 weave angle 0, 3, fiif=—x v o X 3 7=
hHAEEBLT (5) RTEZ bR B, Lo E;,
BT 2 SR ICE ST weave angle i1, EhER
B Opy 3B Ogy WEDET 0, 55 0 NEFLEH
HETBE, EMBCETBEINT ops 1, (6) KT
EbHIN, (6) AMDLEAME ops-max X525
FEE one ERDBE (7)) RE s,

Aa?
0p=0 (“W”@ (5)

Aa Ogy—0ONR

JPSZJNR<1+ﬁm0p> (6)
g

1 27
UNR-minzg{dgy‘*"m(dgy—dpy)} (7)

ZITC, O=tan"ldla, IME -thz—2v}, EiT
M LRI T Table 2 © Ey 2 H\ 5, 0py (24K
FEIRRED & & DBWE) THIBDOFHEIC X » Tshed B,
(7)) Rk s, BMBOBCHNRAE D & &
DRFRICTIEERE onp-min 1X, 6W #, 8W #3 X 0° 10
WHiz>wTzhEh 19.9, 18.0 %5 LU 19. 3 kg/mm?
Lieho =75, BHBD S-N HRICEWT, FEHL~
v DRAEF MR RTICHEEL, 6W #, 8W M
O I0W Hizst LTEREh 20, 18 35 X0 19 kg/mm?
ETALEND, THDDOERMERL, RAEMKLITIHED

SHEE ovpomin LXK L THY, EHESHOHE
W, BHECST 5 BRI GTE Dbl
Bhbo 7k, (6) RIEB VT, opsomax X, WFh
DERFRICE O THIRE 205 WFEVETSH - 7o
Fie, BBOEEIC L5 &, oyr=0np.min D & &,
mﬁ%—xybmiéékﬁﬂmiéﬁﬂ&&%bbﬁ
Lisho DL E, FEMDESBEN S LB LS
FMETHIEEEETHE, B LDBLMES T — £
VIMIIBELDKREL D EEHHFHIFHOT B &
ENEZ LS, COZENBLL, S-N BROBmS
VAN RT B IEHEREES, RIS VR kA
R L D RE B o LA HESh S,
4.2.5 ©—7BRIBF—xigm
KICHHEY RS LB @ERD S-N BRI,
FIEO &k Y, IEHEHE & WEHEER A — A DB B T
BT ENTER N FDT-8, EXRBRTELNI S
JGTI v ~L DR E S EER S A\ B i R A
Do LIthinT, T, BERESDOREMIC ST
DERARE (C- 78 2EEMEEIMLERL, ch
“HVT e-N fNERDB & L2 BaT 5,
(1) EHicsts e~ 2rFosty
BEHRBEAT - B ORI, AHICHEE.
Fig.2 Wind E, 0@ ST 2L HBRCEST 5, =
DIGHEEC BT B EHMBE, #WHEs I OHIFE—x o
P L) EMEEEREE LT3, 22T, #3t%
B, SELEERACABOMRELEREL, ZRWEH
TEBRBCOHT S LIRET 50 510, KBRS THF
T AV MIHBE LB ORI &35 L, HPL
HiFE— 2 v b MOBEBIBIRIL, o ¥BEATKLE LT
(8) I (9) RTHEx2BR 3B,
M[Mp=sin® « (8)
{Pﬂﬁ:r—ﬂammn—ﬁnZaHn (9)
ST, MpBXU Py, ThFEhEME—2 v %
LA L 2BREETH B, ald, fiFE—x v b
LH L X B EWER SRR, RzE o
ZHPLHLHRTAED 1/2 TH 5,
HRARRCAT IR DI NOHWE VLMD, RBOE
HECEAT 58 e~ v ME, Pdj2 L#ch, Li-
MoT, (8) BIV (9) KEHWRTS «ix (10) &
B,
(4/3)sin* @ —sin 2 @+ (@/90—1) =0 ao)
10 K2b, a=73° 0L %, EHMIRL, #MiFe—xy
b EBRIC X D & WITEBIEIREE on=0py, B, =D
REZRNT, SR IO e —x v 2 AET 245
WY ThEh A L0 24, LU, 2KERY A
&35k, AJA=0.3669, A,/A=0.3166 Lic5, 6 W
. 8W BB L 1I0W Mickizs g, BRDBEE

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

524 HAEHRFSR

wE H18F

i

hFh 126, 11.4 B L 12. 1 kg/mm? &ic5,

BRI KT B E— 27 Eepid, BT I DERD €a
LHFE— 4 v P IBHERSD €o OFITHD, KDL
Sk bhb, RIS LSKEBEIRE L 25 T
i3, eg FLO ey L WENICHATEEL, QD X
HHRD B,

OnpSopy D& E, eg=(cos0+Doyp/E (11)
T, onr YAFIGHERE, E 3uR3 T, Table
20 E; A5,

B EEBEIREER ML B L &, &0 1k gpy TF
WTEME ST AEEE,»S (U XX VEHT 5.
ey 13, DM ET— 2 v bCHTHENOEEYERL,
(8) XUt (9) Edbdro MizIh (14) XA b
KDBo

Cgy2ONR>0py D EE,

EpR=¢€gt+E¢s 12)
sa:{apy'*‘(O'NR_Upy)A/Ab}/E (13
ep=M|(E-Z) 14)

AN, BRETH2 256, RERTEW
TiL, BRAERHEL 2 AHICHIBERED 10%
DT, BB IS HER, HEERE E, O
B AL M THEDE LTEHET %0 _

Dok X v itEEh 2 BHEORMMAI, Fig 14
DIBIRIND, ¥— 278, AHIGHOBEIMC LD
opy ¥ CHEBHCIEML, opy RHX D &L DEMEL
WAL, i ogy ELICID L EDENLRBLTD
HEERTo

(2) &N #H

FROHEI L »Thkde ¥ — 7 B% 2 & TILEHH
er & L, BWHEEH N L oBEREBHGKTT =y b
+%&, Fig 15 © ep-N GRNELAI, SPEHAFRR
ZrD ep-N HBROBHIETR D P, TOERE
PTHD, FRRBRBNFRCLIZ2ETHH DT,
(15) XTCERT—ADERTELT I L ET %,

€ ; Total strain
<
Q |Fully plastic
® \
~
S €a, Axial strain
<
S :
c :
S : €b, Bending strain
2 i

Opy Ogy
Nominal tensile siress

Fig. 14 Relation between strain at knuckle
point and nominal tensile stress

ZoC, (15) ROFFTWHICSWT, FEHIHAEO RS
Rk 5 FEHEFICIETERNCEELTAR
Do DHNGHEEMN 0py 25 04y OFETIE, EHEEE
PEWEBIEREC > Tk b, BREEIXETC L
BMERIIRR D, BIbATY v N, 2T, AEKR
RERERR THDIND, AFV v, 7DkER
1, 194 7 ORFDFIRIES, BB ep ik »T
EEF D, F29 A 7D VELTIE, #FOHL
BIIHROLEHRI—EDCMHELE->TWE00, B
EHEREE TORID MO HEVIC L » TE U Bk —
FEOHETEVEINS, ZDGEOLHIFBHEHMR
BRiC k1T 5 BHACHEN TS EEX b, BDERR
EEL DKE XD &, weave angle AHA T B &
L X E— £ v FDEA O, EBEES BT
B0, B X 3 EALFEHBEIEAMEC A E L5,

eg-N0148=0, 0206 (15) LT, (15) KD e 13, THHEFHENES
00z T T o 0 T T Twoven wire  d/a
.N 014820, A 6W 0174
. 0.0l RN r0.0200 o 8W 0lI25
S o I0OW 0.0 |
< 0.005 —
o -
[l
S |
[od - 0~ |
©
)
0.001 Lo byl Lot el oo bl L1 o1 L1y
103 104 105 108 107

No. of cycles  to

failure, N

Fig. 15 e-N curve

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

BB Y B35 BBRM 03 BBR s RE 525

LTRY, MEYERTHM L TEHERBR T — & L5
JESE B ESMFAMBETH S, L L, B
L ORABMOESFESL, e 0k 5T (15) £ T
£b§h5&6f%@%g@%%ﬁ§5&ko,Lﬁﬁ
> CRRFHRERE LTRIB LB &E2 bh 5,

£HR, 1X10°~3X10% +1 7L O EEES IS T 5
HBRADOER, Figd b o,y M2 7- GEDBEHEY
MK EACTEHT 2 L, i TROLEL A&
Y, EFGICIcBECER AL, (15) ROERL &
DEERTL B v ftEt 5,

S-N BRI KITS 2X10° BESEIC 1 5 ©— 2 7
%, 10W B2 0.0031, 8 W #2% 0.0022, 6W #8
0.0026 TH D, R LETFOEMNEDND, 2X10°
BIEREEZFLHEL LTHIT 584, BHIEL 8W Ho
E=2FERATHE, Coffi, 3F 0.2% i
ME LT3, i, Coffiy, s (AD #) o
2X10° EMRELE S —FKL, (15 RICH\L T, 3.6X
10° 91 2V LRI e B,

5 #& A

7= BV DEECE G SRS BRGSEES
B LMW T, BI5ERBR S L 0 [ EEys
BRIV, AWGHERCE S BSHRES L OUR
@E%ﬁmmbfﬁﬁLtﬁ%,7xuﬂxvr@ﬁ%
EERTECHATE D RDER T B,

(1) BAMBH O 2X10° B k1t % B HmET,
0.2% MY T 5, HEMBELDO 2X10° BREL,
weave angle DIEIMIZ L > T UB L FAT 5,
weave angle 2% 0.12 LI EToD 2x10° @&, 2
WIGTIHFE T 8 kg/mm? TH v, BAZERED 229
Eis s,

(2) BUMIIhc8Egie, Bravis 55
MT% &2 5 &, EHFEEICLUSLKEIR
2X10° BISBEIRER SRS ¥ THET S,

(3) i = — < v b EEHIAVER 3 5 BRI O
S-N @R, AHGHBETEETS L, BAAHE
DEFIES VN TRER Ll B0, FIEST v~ Tk
MBREAEE BF, BHEREE 10° 4 — # 1T+
Yo TDRIET VAL TRIESESY RTIHREL,

weave angle DZLH &3k & 2o RAEMM G AR A &
BHEETHB,

(4) EHIBLT, SR E 25 L1k i
Fe—s v bPEEEL, FRERCHEBEMEE 55
RO — 7 BE@EALREEESL TS o-N BT, weave
angle RELBRBRA DL T - 2 LT, kETEDH
TZENTE B,

e-NO-148=(, 0206

(5) JEMETEED D 2 H@WE, BEENEELINT
BT a7, BH51ELIC I HBMER, Bl
DOCEENINLE L 0D, EWHIC L AWIAIBE, Af
GRS RS L DB BE, BB, bR
B LB 2Y, ARGHERE RS L DIEVEEE,
BRI ECREZ RS,

2 £ X &

D AHESR: 7avwr v —BEERBE LT
DEERME (20 2), BREMELEE, No. 665,
(Nov., 1984), pp.12~17.

2) EEE: € —2KE0 Gry FAE, FED o
B L DHEFRN—FFHRES 5 v R Y
B XU BHEEEY, BAEEFESEE Voler,
No. 790, (Sep., 1984), pp. 1047~1055.

3 IHER  EEEXBHE L LIcERRBEOR
43 BEWMEBOBIRESRB—, & 43 @
MUFEEEE (May, 1984), pp. 29~33.

O PHER: 7wk VM IROBMTEYRER, 2
SSEMBTHEEE (May, 1980), pp. 53~56.

5) P.N.Balaguru, A.E.Naaman and S.P.Shah:
Fatigue Behavior and Design of Ferroce-
ment, Journal of the Structural Division,
ASCE, Vol.105, No. ST7, (July, 1979) pp-
1333~1346.

6) MHEEEK FH B ALY L oRESFOR
FHEEE, AREMFELHILE, Vol.140, (Dec,
1976), pp. 259~265.

) BHMEZ, L : BEMIBOMM OEIER
SEHTEI, ZoBH, BREEYAH Vol
56, No.409, (FR#1284E2 A), pp. 131~132.

8 Bz, BHMT, EREHEE, EIVHE: 3:: 38 N
LU 888 DS, (18|~ 9R), Butkhkz:
BTEPI%ERT®RE, 83 % (1949), pp. 311~316,
# 4% (1950), pp.210~215, £ 6 % (1952),
pp. 359~366, 7.

NI | -El ectronic Library Service



