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ABSTRACT

For the last 60years, North Korea has constructed a lot of roadway bridges with different standard from that used in South Korea, and
since North Korea prefer to take advantage of train more than truck for long distance transport, the construction and maintenance of
roadway bridges have not been constructed effectively. Upon these situations, an exact evaluation of the resisting capacity for bridges
in North Korea has been required to check of any bridge can be used in time of war. This paper introduces an evaluation of bridges in
North Korea on the basis of Military Load Classification (MLC). Three different types of concrete bridges are considered, and the
numerical analysis and design calculation give the military loadings which can pass through the bridges in North Korea.
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Table 1. Table of Coefficients ~, 3 and 7

v ﬁD 5L 7
North Korea 1.0 1.15 14 <03
NATO 13 1.0 1.0 0.15

Table 2. Truck Array of Design Vehicle Loads in North Korea

Load Class. Truck Array Bridge Class.
Truck 6m_ 1m fm 1m Enlém 12m m  12m bm
Luggage | oo o v v loo I
Load-30 60160 60 160 60 120120 60 160 60 160 (¥
Truck bm 12m 6m 12m  6mlém 12m ém  13m bm,
Luggage |lo¢ lgo v Lo [ 1
Load_22 40 120 40 120 40 90 %0 40 120 40 120 i
Truck 6m_12m 6m_ 12m éml8m 12m 6m _ 12m ém
T — = — IT'and
Luggage | lo=g lgv l9ov oo oo below
Load_ls 30 80 30 80 30 6060 30 80 30 80 L
Special [ a = sokn/m | [ ]
Luggage SRR FTuyy yu ) S ¢ Y — | Heavy tow
. . 'q.fm ‘o7 truck, I
Load-80 5m 2.6m
Special \ \ [ | .
Lucoase oo 0o yps oy Caterpillar
ugeag 200kN 200kN 200kN 200kKN gl oah tractor. |
Load-60 Ciamiamiad T ’
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1953d9]] =381 AFs=d-13, 10, 83} F3HI=3-60, 302
& TEs THEsle] AR o L 19861 AARES B18-8-E
AN Sl dAE e 2 ARsPEA 1, 2, 35uE AEA}
%-30, 22, 159} E<74-80, 6002 & ARg-5lar ok oju,
AR He] S EEEEe] FAKN)C] SPe), wa we
o] AR5 3162 Table 2¢]4] Hol= vk} o] tgelz-0 =24
FIE AT PHT 12 m AL T BEAE W]
Apgla gl
WS AT o) Ak SRR Eq. ()9, dldshe
SFEAI] Fh2 Table 10 YERHSIEE NATO (North Atlantic
Treaty Organization, Bk 2271492 ¢ AASHTO LFD
(Load Factor Design, 3FAS~3AH) ] v}5}5314(Overload
Criteria) 7+ AMg3laL ¢tk o] Fhe dkato] FE3lal Qe

WHol7]= sitt.

EE—EI: 190

Q=60+ B, (L+1)] 1)
16

oM, Q27 S, v 3Tl By AT B 2dt
T A L ﬁ7}7’°1, I: 32875 e, SaA1e=A 53
< Eq. )9

&, NATOE 0.158 Aoz Algsich

T8l g A (Military Load Classification, MLC)-2
Hz ] el Ffsie] Fale NATO 3j9=t & $-2] T9

WES|AEPH 0 21 AA| 2 ARR-EaL gl
TexjEre] AQe EAJS nlEko 2 Table 3049} 7o) -
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T glo] ARESkaL itk
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Table 3. Hypothetical Vehicles for MLC 1
Wheeled Vehicles 100 /// ﬁ“
Class | Tracked Vehicles | Axle Loads and . Maximu i
Spaci Single-Axle Load
pacing (in Short Tons) /’/ 1
= = 4-5 tons 2
§ - e — ]
. | %% &oop i %Jj
e poTP [ " -
8 | Ty T R uFay ?5 s
[ 27 Podd [
= = 15 tons
0 |, R0 | R ¥
PCA R A ; {
=y = 18-5 tons . 1 10 100
16 0‘ © I Span Length (m)
] 2] | § ¢ % ¥
Fig. 2. Track Vehicle Shear Strength
= 24 tons —
20 8“ 35 J&5 : 3 b
S I A A ' o] 21 aTE Z ARl 3 wulEs) Awaeke] Av)
vy = 28 tons - . ~ _
2 %o B T 2 g ofolck 2¥l= 1eMlelY 3o BE/PIR ElojojEL ]
v 185w |-, |
Bt R A ' ©)2] 953} gle] o] g vlaste] 2 o)Wy,
= = 34 tons _ _ - 5
30 @ T | Rfd = ? FA A90} BEY A9 Eq. )l vt BErPAe 248
B 184> ” 11 11 6 T
el | 7 VY :1 = Wolch, HhAE SR e S she el )
=y = 47 tons - _ . N -
0 | o el T 7 Zago) 2eAelN BRE Fre) BEPIA S9kE wot
PN A A ¢ Z A9 ol9} BUS 35S VIAE BRPIAEO R 534S
243k WA o HgE B9 AEasE I
1000
FEF 1A F9x (1+0.0024 W) (3a)
BEFF 1) Fx (1-0.0012 W) (3b)
’g 100
32 B4 2R
TEIEFIETHY WA AP Bag Aok
0 © Tt al A 7P 2 GRS AP vl P=TE
o8l AHohes shal Utk L AAHS AR, wege] =
2 7% AYS o8, Eq ()2 B3 ANE 99 Z Ze n
NS A= (m )5 78 §- A5l osf s 3 ZHE
! Span Length (m) (m )%k Table 19 0131 sl5AIFE ©1-83) Eq. (5)3 20]
Fig. 1. Wheeled Vehicle Bending Moment ok Fd=(m ) ARG o7 ks Fd=(m )=
T8l Jt (ol geles Fal gl W W
E5317] $I8A 371A1] SAE AR 12AE Qo] A7k A & EHE gomx uige] drninkge] gelss WY
WA B2 okx} SR 2fEEo 2 Qs sl AriA ) YA het wEE W) Tela K& SE E b 9 fE
2 RyE g ddeat e s IATE S8 PIREES H N, ME SUE ok TY 1l 747k gels 3w
Z= Wholt): o5 <4 ZH=E Table 30 Bol® B bt W #E AR il PA(M;,) ek e o] A=
o] 35S 2lo] AR Teiol A83lo] Abdd Hd PR3 dels FATe} ulwke] Arbdold gl @k Fig. 294
wylE, Ave)S A, Jeajh Ak 2] o) e Bk mBEE AETE o714 b, sk N, N, ARke 2zt
7S ¥y o7] 4= 21ag=2 veRdch Figs. | and 2= Egs. (6) and (7)% ZTHAASHTO LFD).
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m= d)Astfy(df%) 4)

m—1.3mp, o
my= 15 (NATOS] 2%) (%)

Eq. @) ¢ : Aegb2Als A, QFETAH(mm’), f,
ANFET F=(MPa), d : QFBZ7A Zol, a1 57+¢2NH

ool

b, = 2.4384+0.12L < 4.2672(m) (©6)
I L
I SR Ny =—— (7a)
075+ &
I L
24 FAID): Ny=—5 (7b)
025+

5

Egs. (6) and (7)91A, L : Z7F20)(m), NV, : 1342 §& B 2
N, 2A2 f85 B F, S, 0 B FE(m)o|tk

4. EPI0| 321 W 4|

B3ko] %A |7 A(Lim et al., 1999) o ekt
&Y. o} 29 T EHe] A9+ Faz|es) dte) 55
= 242} CIS, 7335 ARE3taL 9lom, PSC i) 4§ IEeEs
(35S, 7AAE 95x9 EA ZPARS(327% 1,700 MPa)<
ARg3Kek Be A=) A Table 49} 2t} Bale] wakdA
o AMgE= A8 Soldolahd 1986 EH FedEHHo s
AABIAN, A5 FHLEE AMESIA] @Al e Folst
AAE =S ARSETRE Flololt

PSC A719] 789+ =3t nRP AR s8-8 S 8
st gAe] DA S % S dEA0.6 f,,), ZE=EHS

Table 4. Strength of Materials (MPa)

Concrete
Steel 3
Cl15 C35

Nominal

Strength 18 - 240

Design 9.7 20.5 190
Strength

Modulus of
Elasticity (<1 04) 2.65 3.50 21.0
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st wsgk G2t 07 £, 074 f,,. 0.80 £, )& AH83tL
Ak 7 £, AR AANEIAES ugTh
Bl FEEAE S A8 QEEaelee] A
2 Fol(e=a/d, 57188 A2 ole} QBN Zlole]
u))sh Sk i ol(€,~0.66)F efate] RANE ARkt
oAk w3 AR ofn] qkage THEl] Wl Eq. (8)°]
Ao} 22o] AAIEE AN ) AeRaAeg S0 R A8

3 2 Sk
M, < f,bald—05a) )

PP, M, BAE YL = s B 0 S7HEH AT
#0101 H 5 d: RPFEETIA] 2o, f,, : FHR|E PSTECI:

stee] FLF TS gl flo] S e 9= AAN
o] Ajke] flovt TH 3l -5 ve argyzel] sz A1,
WATEH, AR o AReAN 5 o2l gk ARk FolA
SIA] A o8-l thgk Advge] g1 el o] =Eel M= Egs.
(6) and (7)¢] AASHTO LFD¢] 7|58 &3kt

5. 5ot OFES 0152 MLC

5 BrEElee] ) 3 mHlE 5l ek gt ek
7Pl Ao 8 EHE 9 e gk vlal g Ad) 25

1, 2, 3500] AABEES 72} 3445 W, 22-31 W, 1422 W]
7S LFERITKFigs. 3 and 4). o]u] z+ 2|78 MLCZRe Ul
B BHlEe} HHEE B 2 ghs Fotd Hevl, BrEEsse
EAAvke 2= Bale] | SalE 45 W7 W Sk o] 83t

ghee & 5 ek

4

500 — 20w

Truck Load-30: Bridge 1st class — Lw
Truck Load-22 : Bridge 2nd class
100 Truck Load-15 : Bridge 3rd class

Bending Moment (t-m)

10

4

1 100

10
Span Length (m)

Fig. 3. Bending Moment of North Korea Truck Load and Hypothetical
Vehicles Load
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Fig. 4. Shear Strength of North Korea Truck Load and Hypothetical
Vehicles Load

6. 5210 yIZH MLC 241 Hlul

6.1 S22
S o] A9 19861 % 77to] 4~8 molal WH|7} 3.5,
55, 6.5, 7.5, 9, 12, 16 mo|n] Z2o] 150 mm7+zo2 w5
FeHo] ZMdE QAT 1 oMol ARE 2.5, 3.0, 3.5, 4.0, 4.5,
5.0 mo]al F%o] ¢22x22 EAS FEEwo] ARSElc) 19861
P

|

i)

i

oF FFEMe] Ugk BEEFH7} HAIHo] QA glol Haol
F2 ALE31E 22, 25, 29, 28 7i7 Agsle] BelFE 3 Aus
ARRBIT 925, 29, 328 A3 W 217} 3%, 2%,

] Sgo] Uitk ool o] ol ok mEfsle] B
p259] 3EaE W wge] $HS RSk 1 A B

5)
o,

el whe 253 58 Btk 3 NATOZ sjAle] 13k
sjarch k&S 2 B 9gSs & & Uitk

°]37 NATO2 o2 sjXeh 19861 o]} o)Fe] &ufjn
e we 2w dels PHE=E Table 5ol ERASICE

7.5, 9.0, 12 mo)aL 22+ 77k 8, 10, 11, 12, 14, 16, 20 m<l
ARESHL Tk o] 5 vH] 7.5 m, 78RE 16 mel 5o
X8 23 A2 el =t wEMLCYT Bk
21 gjA02 119.89 t-me} 41 W/ 37 TE, NATO?] gjHo =
16732 t-m9} 61 W/ 52 T 2k 7Fck sk B3k gjxizhe
APsAE-300] ol e YEE 9TEE 2 RHlEZ T
oF 1.2v] AHxe] k&S 2L ATk
7|e} B A9elle st Hwo] FolA QA 2o
B3ke] L7 o] Yels e 4,8 T8k Eq. (5)&
ARgSt] T ghE ek o7, M a5 At
o] ©2 A28 IAE(t-m), b: BE Z(m), d: AFEI7HA
Zol(m), f,: TIABE PFHE=(MPa), [, : QFHETY A=
(MPa)olch T3k, 1.2v]9] QbA&-2 2834 eke, deg Akt
ARG olgsle] Alte wEFsFE 2T Ll =

2% Table 69 LFERHSITE

Ao 2= 2323 t-m, NATOZ] 4]0 2= 36.80 t- me] 2}2% A, = &bd ;b Qy = 7 ]2[ 7
Be1F A go] Uskor], mAMLCRE 284 o ” )
17 W/ 15 T¢] §97}, NATO4] 8o & 30 W/24 Te] I} E=1—4/1—2¢q
AR AT 12jal BFEEEe] ARMLCIE} Hlalghs o,
SUE ah B3R a4 0 2= 350l <Eo| AW NATOA o =
Table 5. A Lane Flexural Strength from Live Load of North Korea Slab Bridge (t - m)
Slab Height (m)
Period Span (m)
0.2 0.28 0.3 0.33 0.36 0.4 0.45 0.48
3.0 10.26 15.49 16.80 18.76 20.72 - 26.60 28.56
35 9.97 15.11 16.39 18.31 20.24 - 26.02 27.94
Before
1986 4.0 9.58 14.58 15.83 17.70 19.58 - 25.20 27.08
45 9.07 13.90 15.10 16.91 18.72 - 24.15 25.96
5.0 8.46 13.06 14.21 15.94 17.66 - 22.84 24.57
4.0 17.47 28.02 30.66 34.61 38.57 43.84 50.44 54.39
5.0 16.68 27.06 29.65 33.54 37.44 42.63 49.11 53.00
/1?86; 6.0 15.42 25.44 27.94 31.70 35.46 40.47 46.73 50.49
7.0 13.65 23.11 25.48 29.02 32.57 37.30 43.21 46.76
8.0 11.33 20.01 22.18 25.44 28.69 33.03 36.80 41.71
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Table 6. A Lane Flexural Strength from Live Load of North Korea
T-Beam Bridge (t - m)

Width Span (m)
Class
(m) 10 12 14 16 20
7.5 722 89.1 1103 | 1684 | 1747 1™
5.5 542 67.0 824 | 1447 | 1299 o
3.5 44.8 55.3 68.5 | 1084 | 108.5 31
6.3 TE|AEHAE Z232ETE W
ZYAEHAE ZITE TY 1] 49, T A7 d2A
AXE A7ZF39.1 mo] Y] 24.5 m (41}*1) Zo] 1.9 m3l

FFEHS BAsIYTh B3koz 11Ale] &4 Altkslal
e 3 58 Sl PP 488.6 t-mEH
55 W/58 T %kwmc&% UeRjon, AASHTO LFD 71&S
== NATO Hhle 2 ZE3l 23} 588.53 t-me 67 W/70 T
o] WHIMLCEES UeRle] 15e] 72US & & ATk

[e)
T¥s Al

6.4 MLC 2A1Z&n}
Table 79 vjeRd

TFE FagleE

IR T
BXEHSRY F4E vlEo g ©23) Bl Zag|E uZusk

o) MLCZS 4elsil Table $51 2 o} 551 wes] ‘sl

sh4gol) glol NATOS] who] Bakict o e Seow
DR 1S o 4 Itk olzle o] me) 5 Ao

Fgabr] 3o PRk tio] 15 TYare] Bgole 52
To] = K2, MIAIRIAP} 01851719 Aghtale] gleke 2te
011;].

o}

Table 7. MLC of North Korea Design Vehicle

) Truck Luggage Load
Bridge Span
30 22 15
Slab 8m 38 W 23 W I5W
Modular 16m 35W 24W 16 W
T-Beam
PSC 39m 45 W 33W 2W

Table 8. MLC and Class of North Korea Concrete Bridges

MLC Class
Bridge
N.K. NATO N.K NATO
Slab 17W/15T |30 W/24T 3¢ o
Modular 1\ /371 | 61 W/ 52T & N
T-Beam
PSC 55W/58T|67W/70T I ™
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2 v, 7EP) S8 B9 Sele) 23 THEE JeTe
13921 ABAQUS (Abaqus 6.11-User Documentation, 2007)E
o1g3lo] Fka HHS Sjick W) A AT} A
7ol weh tlke Akt R 4 glott B el B
BB} FEETe ] Foks Ajold ule} BAskE R
v stk 28 oA Bl meke] Hele) Bake] mek
HebdelE mefste] EaAE 09 B BEEY ) W
JEJ'(OE" [ AN /| FAIRAERD 9] 3ds= AASHTO
712l E=ele wEk 075, PSC w3 088 A83 ol =
e oA Hlaskity. ofw, nigke] i & Hofstr]
S8 AelEE I T4 gagkor] TelalEe] #9914
o me we] S IS o83t stee ANIFHAAE
@@s}gﬁt}_ Mo g f3kad e ABQUSHA #&s}
il ¢)+= C3D8R (3D 883, &gj=rdS AlMEeler a4
7Kz 150 mm offeld] gro] T}t £35S 2RI F &R
e} TR = 50 mm, PSC TEE= 100 mme] Zo|&E zk=
AR 2AY Sl epfels 9] Blojo] FAEAE o
a7] 98] =2 shler] mel AL Table 99} 2k

En:qEE

A=

¢

7.1 &2 w

freaz sl B 2 NATO2 o= 43t 815 2
o] ALIgkS Fig. 5o WeRSIck 1714 Load (N.K.)&
g Bakao g a8t IRMEZLS, Load (NATO)S NATO
210 2 F)A%F ARAEZLS, Load (FEM)E S38ka A= 3|48t
ARAEZS ofu|gitt. 7h2 AP adjze wEke] gEelw,
o714 Bridge (NK.)= B3H2]0 2 3|48} wafe] 422, Bridge
(NATO/p = 0.75)= SEAAIS 0.758 2838 NATOA O 2 514
gk wge] S onfsit) QFAITE 283k NATOS] aixldt

7h sbe] s ish ISR O 5 Ik Sl RS wlans)

Table 9. Specifications of Bridge Model

. . Depth Main
Bridge Span Width (Beam) Reinforcement
Slab 8m 12m 450 mm ¢22@150 mm
Modular 1.35m
TBenn | 16M 75mo| CEa $32@8 EA
PSC 1.9m
TBeam | 3%1m | 245m (6 EA) ($5%9) x 12 EA
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